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ARTICLE INFO ABSTRACT

Article history:

In the present study sodium ion conducting polymer blend electrolytes has been prepared using poly
(vinylidene fluoride - hexafluoro - propylene) (PVdF-HFP), poly (methyl methacrylate) (PMMA), and
sodium thiocyanate (NaSCN) salt by solution-cast technique. The highest ionic conductivity of the opti-
mized blend polymer electrolyte system [PVdAF(HFP)-PMMA (4:1)] (20 wt%)-[NaSCN (1 M)] (80 wt%) has
been found to be 4.54 x 1072 S cm™! at room temperature. The temperature dependence conductivity
plot shows the Arrhenius behaviour and its activation energy calculated from the plot were found to
be 0.13 eV. The structural and morphological studies of polymer blend electrolyte were investigated by
XRD, SEM and FTIR spectroscopy. Complex formation between polymer and salt has been confirmed
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FTIR by these studies. The thermal properties of optimized electrolyte system were examined by differential
DSC scanning calorimetry (DSC) techniques. The ionic transport number was calculated using d.c polarization

techniques and was found to be 0.92, which shows that electrolyte system is predominantly ionic in nat-
ure. The electrochemical potential window of optimized polymer blend electrolyte was tested and

observed to be ~2.8 V.

© 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the 3rd International Con-
ference on Science and Engineering of Materials.

1. Introduction

The studies on polymer electrolytes are quite interesting to
physicists, chemists and engineers because of their fundamental
physical properties and potential application in various electro-
chemical devices such as batteries, fuel cells, supercapacitors, sen-
sors and display devices [1-4]. These materials have various
advantages over the liquid electrolytes, such as; corrosion, self-
discharge, bulky design, miniaturization etc. They exist in crys-
talline and amorphous phases. The existence of amorphous phase
and lower values of glass transition temperature are responsible
for ion conduction in such systems. Various approaches have been
adopted for synthesis of new polymer electrolytes exhibiting
higher ionic conductivity at ambient temperature such as polymer
blends [5-7], copolymers [8], comb branch polymer [9], cross
linked networks [10,11], addition of plasticizer [12,13], addition
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of ceramic filler [14-16], use of a larger anion of dopant salt (acid)
etc [17,18]. Out of the abovesaid techniques, polymer blending is
one of the most promising and feasible ways to improve the ionic
conductivity, flexibility and mechanical strength of the polymeric
systems. According to this methods, when two or more polymers
are mixed together and give rise to a homogeneous mixture, mis-
cible or compatible blend is formed in which one polymer is
adopted to absorb the electrolytes active species while another
remains as an un-dissolved inert second phase, providing tough-
ness to the polymer electrolytes films [12,19]. PVdF-HFP has been
chosen as a host polymer in the present studies because of its
appealing properties. It has high dielectric constant (g;) of 8.4
and existing in both the phases, amorphous and crystalline. Amor-
phous phase enhances higher ionic conduction in the system,
meanwhile crystalline phase provides strong mechanical support
to the polymer electrolytes [20-22]. In order to improve the ionic
conductivity, poly(methyl methacrylate) (PMMA) has been used
because it has a good amorphous and compatible nature. It is also
known that PMMA gels were found to have better interfacial prop-
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erties for electrode and provides good mechanical properties with
another polymer [19]. Sodium ion conducting polymer electrolytes
have potential to be used as an electrolyte materials in electro-
chemical devices particularly batteries. Sodium metal may be con-
sidered as an alternative to lithium as a negative electrode (anode)
for the fabrication of sodium-batteries because of its low cost, non-
toxicity, low atomic mass (23.0) and high electrochemical reduc-
tion potential (—2.71V vs. SHE) [15,23,24]. The proper combina-
tion of low mass and high voltage leads the possibility of
employing sodium as an anode material in a rechargeable battery
of high specific energy [15]. Combining all of the abovesaid proper-
ties of polymers and salt, we have chosen PVAF(HFP)-PMMA-
NaSCN) based blend system for our present investigations. Further,
Optimized polymer blend electrolytes has been characterized
using various techniques, namely, X-ray diffraction (XRD), scan-
ning electron microscopy (SEM), Fourier transformed infra-red
(FTIR), Differential scanning calorimetric (DSC), ionic conductivity,
ionic transference number measurement and electrochemical
potential window in present investigation.

2. Experimental details
2.1. Preparation of polymer blend electrolytes

The polymer blend electrolytes PVdF(HFP)-PMMA-NaSCN are
prepared by using standard “solution cast” techniques. Polymers,
poly(vinylidenefluoride-co-hexafluoropropylene), PVdF(HFP) with
an average molecular weight of 4,00,000 (Aldrich), poly(methyl-
methacrylate)) PMMA with an average molecular weight of
1,30,000 (Aldrich), inorganic salt, Sodium thiocyanate, NaSCN
(Loba Chemie) has been used without further purification, N-N
dimethyl formamide, DMF (Merck) has been used as a solvent. First
of all the polymers (PVdF-HFP and PMMA) in different weight
ratios were dissolved in a common solvent, DMF to get polymer-
blend. Secondly, liquid electrolytes were prepared by dissolving
suitable amount of dopant salt in a common solvent, DMF sepa-
rately. Thereafter, the mixture of polymer-blend and liquid elec-
trolytes in suitable amounts were mixed together and stirred
continuously with a magnetic stirrer for 8 h at a temperature of
60 °C until homogenous solutions were obtained. Finally, the solu-
tions were poured into glass petri dishes and left to dry at room
temperature for about 35-40 days to form a free standing film
(~200-300 um thick). The films were kept in desiccators for fur-
ther drying and to avoid any atmospheric contamination.

2.2. Instrumentation

The structural, thermal, electrical and electrochemical charac-
terization of polymer blend electrolytes PVdF(HFP)-PMMA-
NaSCN) has been performed with the help of different instruments
techniques. X-ray diffraction (XRD) patterns of the synthesized
films were recorded using Bruker D8 (Advance) diffractometer
with Cu-K, radiation over the Bragg angle (20) range of 10-60°.
The scan rate was fixed at 5° min~'. The surface morphology of
the polymer blend electrolyte was studied with the help of scan-
ning electron microscope (JEOL JXA — 8100 EPMA). Fourier trans-
form infrared (FTIR) spectra of the polymeric systems were
recorded using Bruker vertex 70 spectrophotometer. The thermal
analysis of the blend systems were carried out using differential
scanning calorimetry (DSC) with the help of Mettler Toledo DSC
822E from —70 to 175 °C at a heating rate of 10 °C min~! in pres-
ence of nitrogen atmosphere. The electrical conductivity of poly-
mer blend electrolytes were measured by means of an ac
impedance spectroscopic techniques with the help of LCR Hi-
Tester (HIOKI-3522-50, Japan) over the frequency range of

100 kHz to 1 Hz with a signal level of 10 mV. The samples were
cut into a proper size and sandwiched between two stainless steel
electrodes for taking the conductivity measurements. The ionic
transport number and electrochemical stability of the polymer
blend system were carried out by CHI 608C, CH Instruments, USA.

3. Results & discussion
3.1. Structural and morphological studies

Fig. 1(a-e) shows the X-ray diffraction (XRD) spectra of (a) Pure
NaSCN (b) Pure PVAF(HFP) Film (c) Pure PMMA Film (d) PVdF
(HFP)-PMMA (4:1) film (e) [PVAF(HFP)-PMMA (4:1)] (20 wt%)-
[NaSCN (1 M)] (80wt%) based polymer blend electrolytes
respectively.

It can be seen from Fig. 1(a) that pure NaSCN salt have a sharp
intense peaks at an angle of 26 =13.34°, 26.77°, 27.81°, 30.24°,
38.33°, 41.16°, 43.99°, 59.3° and 59.23°, which shows the crys-
talline nature of ionic salts. Fig. 1(b) shows three broad peaks
appearing at 17.0°, 25.14° and 40.4° for the PMMA film which con-
firms its complete amorphous nature. Further two separate peaks
found at 206 = 20.16° and 38.21° for the PVAF(HFP) film is an indica-
tion of its semi-crystalline nature as shown in Fig. 1(c). Fig. 1(d)
shows that the crystallinity as well as intensity of the host polymer
PVdF(HFP) gets decreased by the addition of PMMA in the
polymer-blend complex. This indicates that the two polymers
PVAF(HFP) and PMMA have good compatibility with each other.
Finally Fig. 1(e) shows the absence of almost all the corresponding
peaks of NaSCN salt in the polymer blend complex. It gives the
clear indication of complete dissolution of salt in the polymer com-
plex and it does not contain any separate phase in the complex sys-
tem. The various parameters such as scherrer length (1), d-spacing,
relative peak intensity of pure salt, polymers, polymer blend and
polymer blend electrolytes has been calculated from XRD plot
and tabulated in Table 1. From the table, it can be seen that the
lowest value of scherrer lengths of polymer blend electrolyte is
achieved which conforms its amorphous behaviour.
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Fig. 1. X-ray diffraction (XRD) spectra of (a) Pure NaSCN, (b) pure PMMA film, (c)
pure PVAF(HFP) Film, (d) PVdF(HFP)-PMMA (4:1) film, (e) [PVdF(HFP)-PMMA (4:1)]
(20 wt%)-[NaSCN (1 M)] (80 wt).
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Table 1

X-ray diffraction data of NaSCN based polymer blend electrolytes.
Sample 20 (deg) 0 d (A) 1 (A) Intensity
Pure NaSCN 26.77 13.38 2.48 12.95 100
Pure PVAF(HFP) Film 20.16 10.08 4.4 0.17 100
Pure PMMA Film 17.05 8.52 5.2 0.095 100
PVAF(HFP)-PMMA (4:1) 20.4 10.20 4.35 0.11 100
[PVAF(HFP)-PMMA (4:1)](20 wt%)-[NaSCN(1 M)](80 wt%) 20.16 10.08 44 0.11 100

Fig. 2. SEM images of (a) PVAF(HFP)-PMMA (4:1) film, (b) [PVdF(HEP)-PMMA (4:1)]
(20 wt%)-[NaSCN (1 M)] (80 wt$) film.

Fig. 2 shows the morphology of PVdF(HFP) - PMMA (4:1) blend
film and [PVAF(HFP)-PMMA (4:1)] (20 wt%) - [NaSCN (1.0 M)]
(80 wt%) polymer blend electrolytes as examined by scanning elec-
tron microscope.

It is clear that the PVdF(HFP)-PMMA blend film contains a por-
ous texture having small pore size at the microscopic level and
having highly interconnected networks as can be seen from Fig. 2
(a). Further, Fig. 2(b) shows the uniformly distributed pores which
is responsible for better ionic conductivity in the [PVAF(HFP)-
PMMA (4:1)] (20 wt%) — [NaSCN (1 M)] (80 wt%) polymer blend
electrolyte system.

FTIR is a convenient tool to provide information about a chain
structure of the polymer and their interactions with a different
functional groups present in it.

Fig. 3 shows the FTIR spectra of NaSCN based polymer blend
electrolyte systems. Fig. 3(b) shows the FTIR spectra of pure
PVAF(HFP) polymer film. It contains several peaks at wave num-
bers of 435, 481, 601, 772, 879, 1177 and 1404 cm~! which corre-
sponds to the presence of vinylidene groups [20,25,26]. The
presence of 435 and 481 cm™' peak in both the spectra are
assigned to the wagging and bending vibration of -CF,, the peak
at wave number 946, 772 and 601 cm™! represents the crystalline
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Fig. 3. FTIR Spectra of (a) pure NaSCN, (b) pure PVdF(HFP) film, (c) pure PMMA film,
(d) PVAF(HFP)-PMMA (4:1) film, (e) [PVdF(HFP)-PMMA (80:20)] (20 wt%)-[NaSCN
(1 M)] (80 wt%) film.

phase of PVAF(HFP) polymer [27]. The vibration peaks at 1177 and
1404 cm™! represents the scissoring and stretching vibration of -
CF, group. Similarly the peaks appear at 879 and 772 cm ™! indi-
cates -C-F- stretching and out of plane C-H bending of vinylidene
groups respectively. The symmetric and asymmetric stretching
vibration of CH, molecules is observed at wave number 3022
and 2979 cm™! respectively. Fig. 3(c) shows the spectra of pure
PMMA polymer. The vibration bands observed at 751, 998 and
1180 cm™! corresponds to rocking, wagging and twisting modes
of -CH, in PMMA polymer and similarly vibration peaks appear
at 844 and 1821 cm™! is meant for C-O-C stretching and C=0
stretching vibrations respectively [19]. broad vibration peak at
2948 cm~! is because of the symmetric stretching mode of C-H
molecules of PMMA. Fig. 3(e) shows the FTIR spectra of NaSCN
based polymer blend electrolyte. By the addition of liquid elec-
trolytes in polymer blends, a new peak is observed at 2065 cm™',
which indicates that thiocyanate (SCN™) is strongly interacting
with the polymer blend. Further the vibration peaks of polymer
blend observed at 481, 751, 837, 879, 1180, 1404 and 1795 cm™!
are shifted to 511, 749, 839, 878, 1199, 1416 and 1782 cm™!
respectively in the polymer blend electrolytes. The increasing or
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decreasing intensity pattern and shifting of vibrations frequency
peak of pure PVAF(HFP) and PMMA polymer shows the strong
interaction of two polymers and salts in a polymer blend elec-
trolyte system. Table 2 shows some of the important peaks and
vibration band of NaSCN based polymer blend electrolytes.

3.2. Thermal properties

Differential scanning calorimetry (DSC) is one of the most
important techniques for thermal characterization of any poly-
meric materials. It helps in predicting the glass transition temper-
ature, melting temperature and thermal stability of a material.
Fig. 4 shows the DSC thermogram of NaSCN based polymer blend
electrolytes. It can be seen from Fig. 4(a) clearly shows that the
endothermic peak of pure PVAF(HFP) polymer is observed at
141 °C, which corresponds to the melting point of the polymer.
Fig. 4(c) shows the melting temperature of polymer blend is shifted
to ~142 °C, which further indicates the formation of entirely new
high melting complexes. In Fig. 4(d) the broadening of endother-
mic peak is also observed, which indicates the possible complex
formation of NaSCN based polymer blend electrolyte systems at a
microscopic level. Apart from that, an additional endothermic peak
is also observed at — 40 °C and is mainly attributed to the glass
transition temperature of PVdF(HFP) and another peak observed
at 107 °C, which is indicate to decreased crystallinity of polymer
matrix in the polymeric system and leads to the improve in the
segmental motion of the polymeric chain and therefore enhances
the ionic conductivity of polymer blend electrolytes. Further, it is
also observed the melting temperature of 141 °C of pure polymer
PVAF(HFP), reduces to about 124 °C by the addition of guest poly-
mer PMMA and salt NaSCN in host polymer PVdF(HFP). Finally, the
thermal stability of the polymer blend system is observed in the
range of — 37 °C to 107 °C.

3.3. Electrical characterization

3.3.1. Electrical conductivity of liquid electrolytes

In order to synthesize polymer blend electrolyte, first of all we
have to synthesize and optimize liquid electrolyte. Fig. 5 NaSCN-
DMF shows the variation of electrical conductivity of liquid elec-
trolyte with respect to different molar concentration of salt. The
conductivity of pure DMF is found to be ~10~> S cm~'. From the
figure it can be seen for the liquid electrolytes, that initially the
electrical conductivity increases sharply by three orders of magni-
tude by increasing the salt concentration upto 1.0 M concentration
of each salts (NaSCN) and after that it attains a saturation level

Table 2
Assignment of important FTIR bands of PVAF(HFP)-PMMA-NaSCN polymer blend
electrolytes.

IR Bands (cm™')

Assignments

PVAF(HFP) 511 Bending vibration of -CF,

601 o-Phase

772 Out of plane C-H bending

946 o-Phase

878 —C-F- stretching

1416 Scissoring vib. -CF,

2813 Asymmetric stretch of C-H

2933 Symmetric stretch of C-H
PMMA 749 Rocking of CH,

837 Bending vib. C-0-C

989 Wagging vib. CH,

1073 Stretching vib. CH,

1391 twisting mode of CH,

1731 Asymmetric stretching C=0

1782 stretching mode of C=0
SCN™ 2065 Stretching vib. S-C=N
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Fig. 4. DSC curves of (a) pure PVdF(HFP), (b) pure PMMA, (c) PVdF(HFP)-PMMA
(4:1) film, (d) [PVAF(HFP)-PMMA (80:20)] (20 wt%)-[NaSCN (1 M)] (80 wt%) film.
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Fig. 5. Variation of electrical conductivity (o) of liquid electrolytes (a) NaSCN-DMF
as a function of varying salt concentration NaSCN respectively.

where the conductivity remains constant upto 2.0 M concentration
of salts. By addition of salts beyond 2.0 M concentration, the elec-
trical conductivity either remains constant or starts decreasing.
This behaviour of liquid electrolytes can be understood in terms
of ion-dissociation processes. Initially, when the salt concentration
increases, the number of free mobile ions also increases which
favours the enhancement in the electrical conductivity. At higher
salt concentration ion-aggregation takes place due to the presence
of a large number of ions and is mainly responsible for limiting the
conductivity of electrolyte systems [28].

The maximum conductivity of liquid electrolyte for NaSCN-
DMF system is observed to be oysey = 1.1 x 1072 S cm™! at
1.0 M salt concentration of salts. Hence this concentration of liquid
electrolyte has been further chosen for the synthesis of their
respective polymer blend electrolytes.

3.3.2. lonic conductivity of polymer blend electrolytes

Fig. 6 shows the electrical conductivity pattern of polymer
blend, PVAF(HFP)-PMMA as a function of different weight percent
of PMMA. It is observed from the plot that by increasing the PMMA
concentration, initially the conductivity increases and reaches its
maximum value ~8.9 x 107> S cm™! at 20 wt% of PMMA concen-
tration, thereafter it goes on decreasing and film is also not stable
after that. XRD and DSC studies also witnessed the proper miscibil-
ity and complex formation of polymer blend at 4:1 ratio. Finally,
polymer blend of PVdF(HFP)-PMMA (80:20) ratio has been chosen

Please cite this article as: A. Gupta, A. Jain, M. Kumari et al., Structural, electrical and electrochemical studies of sodium ion conducting blend polymer
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Fig. 6. lonic conductivity of polymer blend PVAF(HFP)-PMMA as a function of
PMMA (wt %).

as an optimized composition for the synthesis of polymer blend
electrolytes.

Fig. 7 shows the variation of ionic conductivity of (a) PVdF
(HFP)-PMMA-NaSCN polymer blend electrolytes. It can be seen
from the plot that [PVAF(HFP) (80 wt%)-PMMA (20 wt%)] (20 wt
%)-[NaSCN) (1-0 M)] (80 wt%) composition of polymer blend elec-
trolytes having free-standing film exhibits maximum room tem-
perature conductivity of about 4.54 x 1072 S cm~! for NaSCN
based polymer blend systems. The maximum conductivity is due
to the proper PVAF(HFP)-PMMA polymer blend formation and salt
interaction that has already been confirmed by XRD spectra as
well. The higher conductivity in polymer electrolyte system could
be attributed to the higher amorphicity due to the steric hindrance.
Higher amorphicity provides mobile Na* ion more free volume giv-
ing rise to higher conductivity of the electrolyte system. Addition
of polymer blend in liquid electrolytes increases the conductivity
up to 20 wt% and after that the conductivity falls-down. The low
concentration of polymer blend provides the availability of more
free ions due to the dissociation of ion aggregates. At lower blend
concentration, viscosity is very small and hence it supports the
conductivity processes. But at higher concentration of polymer
blend, conductivity decreases due to higher viscosity and lower
value of mobility.

'l .65 T T T T T
10 20 30 40 50

[PVAF(HFP)-PMMA (4:1)] (Wt%)

Fig. 7. Variation of ionic conductivity of blend polymer electrolyte (a) PVdF(HFP)-
PMMA-NaSCN as a function of different weight percent of [PVdF(HFP)-PMMA] (4:1)
polymer blend concentration.

3.4. Temperature dependence conductivity

One of the most important properties of polymeric system is its
temperature dependence behaviour, as it provides information
about their suitability in different electrochemical devices, which
needs to be operated over wide ranges of temperature varying
from freezing point to about 100 °C or even more for its practical
applications. Fig. 8 shows temperature dependence ionic conduc-
tivity pattern of NaSCN based polymer blend electrolyte systems.
From the plot it is evident that as the temperature increases the
ionic conductivity also increases for both the complex systems.
The increase in conductivity with temperature may be due to the
decrease in viscosity and hence increased chain flexibility [29].
The conductivity pattern shows almost Arrhenius behaviour up
to 70 °C which can be expressed as ¢ = oy exp (—E, /KT), where
Gy is the pre-exponential factor, E, the activation energy and T
the absolute temperature in Kelvin scale. The activation energy is
found to be of the order of 0-13 eV. which has been calculated by
fitting the curve in lower temperature region up to 70 °C.

Fig. 8. Temperature dependence ionic conductivity of (a) [PVdF
(HFP)-PMMA (80:20)] (20 wt%)-[NaSCN (1 M)] (80 wt%) polymer
blend electrolytes.

The variation in ionic conductivity with temperature is
explained in terms of segmental motion that results in an increas-
ing free volume of the sample and hence the motion of ionic
charges. The amorphous nature of polymer blend provides free vol-
ume of the system upon increasing the temperature. Thus the seg-
mental motion either permits the ions from one site to another or
provides the pathway for ions to move. This inter-chain or intra-
chain ion movements are responsible for high ionic conductivity
in the polymeric systems.

3.5. Electrochemical studies

3.5.1. Electrochemical potential window

Electrochemical potential window is also referred as the elec-
trochemical stability of polymeric system. It is one of the most
important parameters, which provides information about the
working voltage range of any electrochemical devices. In the pre-
sent studies, the potential window of polymer blend electrolyte
systems has been measured using linear sweep cyclic voltammetry
techniques by sandwiching the electrolyte material in between
two stainless steel (SS) blocking electrodes. Fig. 9 shows the linear
sweep cyclic voltammograms of polymer blend electrolytes [PVdF
(HFP)-PMMA (4:1)](20 wt%)-[NaSCN] (80 wt%) at a scan rate of

-1.05

-1.10 T

-1.154

-1.20 1 .

log o (S em™ 1)

-1.251

-1.30 4

']-35 T T T T T T T -
27 28 29 30 31 32 33 34
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Fig. 8. Temperature dependence ionic conductivity of (a) [PVAF(HFP)-PMMA
(80:20)] (20 wt%)-[NaSCN (1 M)] (80 wt%) polymer blend electrolytes.
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Fig. 9. Linear sweep cyclic votammetry curves of polymer blend electrolytes with
scan rate of 5mVs~! for a cells, (a) SS|[PVAF(HFP)-PMMA (80:20)] (20 wt%)-
[NaSCN] (80 wt%) |SS recorded at room temperature.

5mV sec”!. The observed 1-V characteristics are the combined
effect of anodic and cathodic responses for the two electrodes con-
figuration. It can be seen from figure the polymer blend elec-
trolytes under present studies that the values of current goes on
increasing gradually with increase in the applied voltage across
the cells upto a certain voltage and after that point, current
increases abruptly.

The voltage corresponding to abrupt increase in current value is
called as “Electrochemical Potential Window or Working Voltage”.
The abrupt increase in current takes place due to the decomposi-
tion of the electrolytes. It provides information about the level of
voltage up to which the electrolyte material is safe to use. In a pre-
sent studies the NaSCN based polymer blend electrolyte shows the
working potential window of ~2.8 V, which basically defines the
range of potential upto which it can safely be used in any electro-
chemical devices.

3.5.2. Ionic transport number measurement

Ionic transport number measurement is one of the most impor-
tant techniques to know the ionic and electronic conductivity con-
tribution separately in the overall electrical conductivity of any
materials. In the present studies, polarization method has been
used for the measurement of ionic transport number for the poly-
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Fig. 10. Polarisation current as a function of time of polymer blend electrolytes of

cell SS|[PVAF(HFP)-PMMA (80:20)] (20 wt%)- [NaSCN] (80 wt%) |SS at room
temperature.

mer blend electrolytes. Fig. 10 shows the plot of polarization cur-
rent as a function of time for NaSCN based polymer blend
electrolytes.

The voltage applied across the cell is 1.0 V, which is within the
potential window range of both the blend electrolytes. The ionic
transport number has been calculated 0.92 of polymer blend elec-
trolytes. The values of ionic transport number shows that the
charge transport in the polymer blend electrolytes is predomi-
nantly ionic in nature of polymer blend electrolyte system.

4. Conclusion

A novel sodium ion based polymer blend electrolytes based on
PVAF(HFP)-PMMA-NaSCN has been prepared and characterized.
Different types of structural, thermal, electrical and electrochemi-
cal studies have been performed and following conclusions have
been drawn.

e XRD and FTIR studies reveal the complex formation of NaSCN
based polymer blend electrolytes at a molecular level.

e The surface morphology and topography image has been

obtained from scanning electron microscopy studies for the

polymer blend electrolyte system, which shows the porous tex-
ture and hence supports the electrical conductivity through its
polymeric network.

Thermal stability of the polymer blend electrolyte system has

been performed using differential scanning calorimetry tech-

niques, which shows that they are quite stable in a wider tem-
perature range varying from —30 to 107 °C.

e 1.0 M concentration of NaSCN salt in DMF is found to be the
optimized concentration for making liquid electrolytes having
conductivity of the order of ~1072 S cm~! which has been fur-
ther used for the preparation of polymer blend electrolytes.

e The optimized composition of polymer blend, PVAF(HFP)-
PMMA (4:1), shows the maximum conductivity of the order of
107> S cm™! that has been used further for the preparation of
polymer blend electrolytes.

e 20 wt% of polymer blend, PVdF(HFP)-PMMA (4:1) is sufficient
for the synthesis of NaSCN based polymer blend electrolytes
having electrical conductivity of the order of 1072 S cm™! at
room temperature with acceptable mechanical strength.

e The ionic transport number and electrochemical window of
NaSCN based polymer blend electrolyte has been found to be
0.92 and 2.8 V respectively.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Acknowledgements

The authors are grateful to the Madhya Pradesh Council of
Science and Technology, Madhya Pradesh, India for providing
financial support to Prof. S.K. Tripathi through Grant-in-Aid for Sci-
entific Research vide sanction no. [3683/CST/R&D/Phy & Engg.
Sc/2012; Bhopal, Dated: 03.11.2012]. Authors are also thankful to
Jaypee University of Engineering and Technology, Guna, India for
providing electrochemical and electrical characterization facilities.
We are also thankful to Dr. J.K. Bera, Department of Chemistry, IIT
Kanpur for providing FTIR facilities, Dr. Kamlesh Pandey, NCEMP,
Allahabad for providing SEM facilities, Dr. Ajay Gupta and Dr.
Mukul Gupta, UGC-DAE Consortium for Scientific Research,

Please cite this article as: A. Gupta, A. Jain, M. Kumari et al., Structural, electrical and electrochemical studies of sodium ion conducting blend polymer
electrolytes, Materials Today: Proceedings, https://doi.org/10.1016/j.matpr.2020.05.030



https://doi.org/10.1016/j.matpr.2020.05.030

ARTICLE IN PRESS

A. Gupta et al./Materials Today: Proceedings Xxx (XXxX) XxX 7

Indore-centre for providing the XRD facility and STIC, Cochin
University, Kerala, for DSC measurement.

References

[1] S. Chandra, Superionic Solids: Principles and Applications, Amsterdam, North
Holland, 1981.
[2] EM. Gray, Solid Polymer Electrolytes: Fundamentals and Technological
Applications, VCH Publishers, New York, 1991.
[3] J. Fang, ]. Qiao, D.P. Wilkinson, J. Zhang, Electrochemical Polymer Electrolyte
Membranes, CRC Press, 2017.
[4] D.W. Bruce, D. O’Hare, RI. Walton, Energy Materials, John Wiley & Sons,
Chichester, U. K., 2011.
[5] C.M.S. Prasanna, S.A. Suthanthiraraj, lonics 24 (2018) 2631-2646.
[6] Y.S. Lim, H.A. Jung, H. Hwang, Energies (MDPI) 11 (2018) 2559.
[7] D.W. Kim, J.K. Park, H.W. Rhee, Solid State Ion. 83 (1996) 49-56.
[8] K. Sundaramahalingam, D. Vanitha, N. Nallamuthu, A. Manikandan, M.
Muthuvinayagam, Physica B: Condens. Matter 553 (2019) 120-126.
[9] C. Booth, C.V. Nicholas, D.J. Wilson, Polymer Electrolyte Reviews-2, Elsevier,
London, 1989.
[10] M. Watanabe, S. Nagano, K. Sanvi, N. Ogata, J. Power Sources 20 (1987) (1987)
327-332.
[11] J.R. MacCallum, C.A. Vincent, Polymer Electrolyte Reviews vol- II, Elsevier
Applied Sciences, London, 1989.
[12] D. Zhou, L.Z. Fan, H. Fan, Q. Shi, Electrochim. Acta 89 (2013) (2013) 334-338.

[13] S.K. Tripathi, A. Gupta, M. Kumari, Bull. Mater. Sci. 35 (2012) (2012) 969-975.

[14] A. Sarnowska, 1. Polska, L. Niedzicki, M. Marcinek, A. Zalewska, Electrochim.
Acta 57 (2011) 180-186.

[15] D. Kumar, S.A. Hashmi, ]. Power Sources 195 (2010) (2010) 5101-5108.

[16] J.H. Shin, S. Passerini, J. Electrochem. Soc. 151 (2010) (2004) A238-A245.

[17] G.B. Appetecchi, S. Scaccia, S. Passerini, J. Electrochem. Soc. 147 (2000) 4448-
4452

[18] S. Rajendran, R. Kannan, O. Mahendran, Materials 49 (2001) (2001) 172-179.

[19] M. Sivakumar, R. Subadevi, S. Rajendran, N.L. Wu, ].Y. Lee, Mater. Chem. Phys.
97 (2006) 330-336.

[20] D. Saikia, Y.W. Chen-Yang, Y.T. Chen, Y.K. Li, S.I. Lin, Electrochim. Acta 54
(2009) 1218-1227.

[21] X. Cheng, ]. Pan, Y. Zhao, M. Liao, H. Peng, Adv. Energy Mater. 1702184 (2017)
1-16.

[22] Y.J. Hwang, S.K. Jeong, K.S. Nahm, A.M. Stephan, Eur. Polym. 43 (2007) 65-71.

[23] D.AJ. Rand, R. Woods, R.M. Dell, Batteries for Electrical Vehicles, Research
Studies Press Ltd., England, 1998.

[24] M. Li, J. Lu, Z. Chen, K. Amine, Adv. Mater. 30 (2018) 1800561.

[25] R.M. Silverstein, F.X. Webster, Spectroscopic Identification of Organic
Compounds, John Wiley and Sons, New York, USA, 1997.

[26] D.L. Pavia, G.M. Lampman, G.S. Kriz, Introduction to Spectroscopy, Harcourt
College Publication, USA, 2001.

[27] M. Ulaganathan, S. Rajendran, lonics 16 (2010) 515-521.

[28] ].P. Sharma, S.S. Sekhon, Mater. Sci. Eng. B 129 (2006) 104-108.

[29] W. Li, Y. Pang, ]. Liu, G. Liu, Y. Wang, Y. Xia, RSC Adv. 7 (2017)
23494-23501.



http://refhub.elsevier.com/S2214-7853(20)33585-9/h0005
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0005
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0005
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0010
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0010
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0010
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0015
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0015
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0015
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0020
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0020
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0020
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0025
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0030
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0035
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0040
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0040
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0045
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0045
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0045
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0050
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0050
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0055
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0055
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0055
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0060
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0065
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0070
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0070
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0075
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0080
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0085
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0085
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0090
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0095
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0095
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0100
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0100
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0105
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0105
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0110
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0115
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0115
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0115
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0120
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0125
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0125
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0125
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0130
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0130
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0130
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0135
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0140
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0145
http://refhub.elsevier.com/S2214-7853(20)33585-9/h0145
https://doi.org/10.1016/j.matpr.2020.05.030

	Structural, electrical and electrochemical studies of sodium ion conducting blend polymer electrolytes
	1 Introduction
	2 Experimental details
	2.1 Preparation of polymer blend electrolytes
	2.2 Instrumentation

	3 Results & discussion
	3.1 Structural and morphological studies
	3.2 Thermal properties
	3.3 Electrical characterization
	3.3.1 Electrical conductivity of liquid electrolytes
	3.3.2 Ionic conductivity of polymer blend electrolytes

	3.4 Temperature dependence conductivity
	3.5 Electrochemical studies
	3.5.1 Electrochemical potential window
	3.5.2 Ionic transport number measurement


	4 Conclusion
	Declaration of Competing Interest
	Acknowledgements
	References


