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Abstract

Zirconium oxide (ZrO2) filler is successfully synthesized with spherical mor-

phology (particle size 170 nm) by co-precipitation technique earlier. The as-

prepared ZrO2 -(bare, 3, 6, 9, and 12 wt%) is spread into the augmented

poly(styrene-co- methyl methacrylate) P(S-MMA)- poly vinylidene fluoride

(PVdF) (25:75 of 27 wt%)-LiClO4 (8 wt%)- ethylene carbonate and propylene

carbonate (EC + PC) (1: 1 of 65 wt%) system. The solution casting technique is

employed throughout the process. The structural, morphology, thermal and

ionic conducting behavior of sample are examined. The highest conductivity is

1.2 � 10�2 S cm�1 at 303 K for P(S-MMA)-PVdF (25:75 of 27 wt%) LiClO4

(8 wt%)- EC + PC (65 wt%) +6 wt% ZrO2 system. The linear sweep

voltammetry and the cyclic voltammetry tests are performed and the results

are discussed. The optimized electrolyte is used to make the LiFePO4/CGPE/Li

confined 2032 coin cell couple. It holds the discharge capacity of 144 mAh g�1

at rate of 0.1 C with 88% coulombic efficiency.
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1 | INTRODUCTION

The utmost dynamic sources for human actions are
energy. The cumulative energy demands cannot over-
come by the present fossil fuels. Furthermore, the burn-
ing of fuel from the combustion engine pollutes the
atmosphere, which causes the greenhouse effect. Many
efforts have been taken to progress pollution-free, ecolog-
ically pleasant renewable resources to substitute the exis-
ting fuels. Secondary lithium-ion batteries (LIBs) are

widely recognized due to their large working potential,
huge energy density, lesser mass, extensive sequence life-
cycle, eco-friendly, and so forth.1–4 The complete cell per-
formance of LIBs is determined by the basis of
microstructure, electrical and electrochemical character-
istics of the dynamic electrodes and electrolyte
ingredients.

There are numerous constitutions in the battery, a
transporting path material has been a significant one for
LiBs, which precisely stimuli their electrochemical
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performance. All present marketable LiBs comprising
organic liquid electrolyte, owing to their high ionic con-
ductivity at 303 K. Even though it exhibits security prob-
lem, owing to large gas evolution, small flashpoint, the
creation of dendrites and outflow of electrolyte.5,6 As a
substitute, the solid polymer electrolyte (SPEs) is prefer-
entially used to rectify the above-mentioned problems.7

There are many advantages of SPEs compared to the
liquid electrolytes such as a simple strategy with chosen
dimensions and outline, outflow resistant creation, strug-
gle to shock and shaking, confrontation to compression
and temperature differences, wide electrochemical con-
stancy, good security, and so fourth. However, SPEs are
also called dry polymer electrolytes. It does not keep any
carbonate-based fluids, and the polymer host laterally
with the Lithium salt performances as solid solvent. The
ionic conductivity of (PEO-LiX) was found to be mini-
mum at ambient temperature.8 Improvisation of the con-
ductivity of ions and stability of SPEs were made by the
inclusion of plasticizer, polymer blend, and nanocrystal-
line ceramic filler into the polymer electrolytes (PEs).9

In general, high ionic conductivities (10�3 S cm�1) at
ambient temperature have been shown by gel polymer
electrolytes (GPEs), but the tensile property has not been
appropriate for commercial applications. Composite poly-
mer electrolyte (CPE) has been formed with the addition of
inorganic filler into the GPEs. The inorganic fillers such as
TiO2, SiO2, ZrO2, CeO2, and Al2O3 serve as dense softeners,
can critically obstruct the reorganization of the polymers
chain, and it aids the dissociation of Li salts and also the
movement of Lithium ions, owing to the Lewis acid–base
contacts among the ceramic particles and electrolyte matrix
or filler and charged species.10–12 It intensely progresses
grain morphology and electrochemical characteristics of
electrolyte matrices.13,14 Also, the physical and thermal
properties of the electrolyte system can too be controlled by
the choice and strategy of ceramic filler.

Among the studied nano-sized ceramic fillers, ZrO2 is
the better candidate to raise the conductivity of ions,
because of its huge relative permittivity (ε = 23) and also
large band gap.15 The monoclinic ZrO2 with spherical mor-
phology with a particle size of 170 nm has been synthe-
sized earlier by our group.16 Uma et al.17 described that the
maximum conductivity obtained is 1.02 � 10�7 S cm�1 for
a 10 wt% ZrO2 based plasticizer polymer electrolyte system.
Scrosati et al.18 conveyed that the inclusion of inorganic
filler into the polymer matrix, especially specific smaller
size of particles and certain constitution, inhibit the struc-
tural behavior and indulge the unstructured segment,
extremely leading assembly of the electrolyte matrix.

In GPEs, poly (vinylidene fluoride) (PVdF), Poly (methyl
methacrylate) (PMMA), and polystyrene are generally uti-
lized as host polymers because of their appealing properties.

Among them, poly (styrene-methyl methacrylate) copolymer
is identified as prompt material; the styrene unit can develop
the tensile strength of GPE owing to its low attraction for
the liquid electrolyte. PMMA acted as gelatinizing agent in
the electrolyte with high anodic stability.19 PVdF acts as a
host polymer, which has high anodic stability owing to the
strong electron diminishing efficient assembly ( C F ). It
has large relative permittivity (ε = 8.4) for an electrolyte
matrix, it also aids in superior ionization of Lithium salts
and therefore affords a higher gathering of charge
transporters.20

Commonly, various methods are broadly used for the
synthesis of solid/gel polymer or nanocomposite electro-
lyte, and so forth, Among these, solution casting has been
easy to handle and an efficient matrix, namely, with-
drawal of softener, phase inversion, hot press, solution
casting, and electrospinning method to create the spongy
electrolyte matrices with micron-size.21–24

To raise the conductivity of ions to the electrolyte
matrices; the blending of polymers is a fashionable tech-
nique for making polymeric ingredients with greater char-
acteristics, which has been inaccessible by unit component.
The solution casting technique has been employed to syn-
thesize the optimized ratio of the above parent ratio of
polymer matrix- (bare, 3, 6, 9, and 12 wt%) of ZrO2 polymer
electrolyte. The as-synthesized samples had been analyzed
by X-Ray diffraction (XRD), fourier Transform Infrared
Spectroscopy (FTIR), field emission scanning electron
microscope (FESEM), thermogravimetry/differential ther-
mal analysis (TG/DTA), impedance studies. The optimized
film has been performed Linear sweep voltammetry using
SS/ZB3/Li cell. The optimized composition was used to
fabricate the LiFePO4/CGPE/Li-based 2032-coin cell. The
cyclic voltammetry test and charge/discharge have been
investigated.

2 | EXPERIMENTAL DETAILS

PVdF (mol wt 5.3 � 105) poly(styrene-co- methyl methac-
rylate) (P(S-MMA)) (mol wt 100–50) LiClO4 (Aldrich),
tetrahydrofuran (THF) had been utilized in the present
work. The whole film had been synthesized using the
solution casting method. The stoichiometric ratio of
PVdF, P(styrene-methyl methacrylate), and LiClO4 were
taken and dried at 373 K, and then liquefy in extracted
THF (E-Merck, Germany) PVdF was preheated at 60�C
for 5 h and then included by the accumulation of plasti-
cizers. The composition had been then agitated con-
stantly till the assortment acquired a uniform gelatinous
fluid.

The synthesized ZrO2 (3, 6, 9, and 12 wt%) had been
spread through the polymer matrices. The ensuing
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mixture was dispensed onto a glass Petri plate and the
THF was permissible to vanish at ambient room tempera-
ture. This process issued tensile steady and elastic films
with width lies behind 50 and 100 μm. The electrolyte
module was additionally dehydrated in a vacuum oven at
a pressure of 10�3 Torr for 24 h at 333 K to eliminate any
traces of THF. XRD analysis was accomplished to the
electrolyte matrices at 303 K using an XPERT-PRO dif-
fractometer with CuKα radiation. Functional group
vibrations had been analyzed Fourier Transform Infrared
analysis had been made using Thermo Nicolet 380 Instru-
ment Corporation in the 4000–400 cm�1. The scanning
electron microscope (SEM, HITACHI-S 4800) had char-
acterized the morphology of the sample. TG/DTA was
measured on a thermal analyzer (SHI-MADZU DTA-
60AH). The operation temperature was increased from
30 to 700�C under the N2 atmosphere at a heat rate of
10�C min–1.

Keithley (3300 LCZ meter) in the frequency between
40 and100 kHz had been used to measure the Conductiv-
ity of the electrolyte films. The as-prepared polymer
matrices had been kept among a couple of stainless-steel
terminals. They performed a hindering terminal to the
ions. The linear sweep voltammetry (LSV) was performed
using Stainless steel/ ZB3/Lithium cell. LiFePO4/ZB3/Li
half cell (CR 2032 type) is fabricated. Such that the cath-
ode is prepared using the hybrid consisted of 80 wt%
LiFePO4 powder, 10 wt% carbon black, and 10 wt% PVdF
were added together with N-methyl-2-pyrrolidone. The
as-prepared cluster had been dispersed to Al- foil sub-
strates and dehydrated at 373 K for 1 day under vacuum.
Subsequently, the as-prepared foil had been cut to a
1 � 1 cm2 size, the terminal had been arranged as cath-
ode terminal Vs Lithium metal as counter and reference
terminal in CR-2032 type coin-cells.25 The LSV was per-
formed using Stainless steel/ ZB3/Lithium cell. The LSV
and CV tests were performed via BTS-55 Neware battery
tester system between the potential 2 and 4.7 V and 2 and
4.3 V respectively at ambient temperature at a sweep rate
of 1 mV s�1.

3 | RESULT AND DISCUSSION

3.1 | XRD analysis

The XRD has inspected the crystalline nature of PVdF-P
(S-MMA)-ZrO2 polymer composites. Figure 1, illustrates
the XRD patterns of raw PVdF, P(S-MMA), and pure
LiClO4, P(S-MMA) –PVdF- LiClO4- EC + PC- ZrO2 (bare,
3, 6, 9, and 12 wt%) which are named as ZB1, ZB2, ZB3,
ZB4, and ZB5 respectively. The diffraction peaks that
appear at 2θ = 28.15, 31.44, 34.13, and 57.15� are ascribed

to the monoclinic structure of ZrO2 (JCPDS:89–9066).
However, no peaks correspond to LiClO4 have found in
the diffraction patterns, owing to the formation of com-
plexion between the polymer blend and Li salt. Figure 1
reveals that sample ZB3 possesses the lowest crystallinity
(0.6%) among the systems studied. The peak relating to
PVdF is diminished upon adding the ZrO2 content up to
6 wt% and further increase of ZrO2 causes the crystallin-
ity due to the aggregation of ZrO2 in the gel polymer
blend electrolyte. The formation of amorphous nature
has been revealed from the diffraction pattern of the
complexes, which is responsible for the higher conductiv-
ity.25–27

3.2 | FTIR analysis

IR spectra of the as-prepared polymer matrices are shown
in Figure 2. For all samples, OH stretching is observed in
section 3600–3100 cm�1. The CH2 scissoring mode of
MMA has appeared at 1480 cm�1, it has been lifted
to 1489 cm�1 in the complexes. The >C O and
> C C < vibrational peaks of PVdF are appearing at
1630 and 1400 cm�1 respectively; these peaks are lifted to
1634 and 1398 cm�1 respectively in the matrices. This
γC O skeletal breathing of EC appears at 1810 cm�1 is
moved to the lower wavenumber in the electrolytes

FIGURE 1 X-ray diffraction patterns of pure PVdF, P(S-

MMA), LiClO4, pure ZrO2, bare P(S-MMA)-PVdF-LiClO4-EC + PC-

0 (ZB1), 3(ZB2), 6(ZB3), 9(ZB4), and 12 wt% (ZB5) of ZrO2 based

polymer electrolyte [Color figure can be viewed at

wileyonlinelibrary.com]
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which authorizes the EC are complexed into the electro-
lyte system.28,29 The stretching vibration of Zr-O2-Zr is
appearing in 754 cm�1, which is deviated in the com-
plexes to 728 cm�1. The absorption peaks of P(S-MMA)
(626 and 1887 cm�1), PVdF (1872,1560, 1072, and
509 cm�1), LiClO4 (553 and 2021 cm�1), ZrO2(418, 583,
1002, and 1556 cm�1) are found, which have not
appeared in the composite gel blend electrolyte systems.
Furthermore, several new peaks are observed 1282, 1720,
2348, and 2934 cm�1 originate in the polymer complexes.
The shifting of peaks, the vanishing of some peaks, and
the addition of new points in the matrices concerning
pure designate the complex creation in the polymer
matrices.

3.3 | AC impedance analysis

All the ac impedance measurements have been accom-
plished in the temperature range of 303–353 K using the
atainless steel/ CPBE/stainless steel cell couple at a con-
stant amplitude 5 mV and tabulated in Table 1. The ac
impedance measurements have been performed for P(S-
MMA)-PVdF (25:75 of 27 wt%)-LiClO4(8 wt%)-EC: PC
(1:1 of 65 wt%)- ZrO2 (bare, 3, 6, 9 and 12) wt% electro-
lytes. The typical complex impedance plot of the 6 wt% of
ZrO2 based P(S-MMA)-PVdF(25:75 of 27 wt
%)-LiClO4(8 wt%)-EC: PC (1:1 of 65 wt%) system is
shown in Figure 3(a). The x-intercept at the high-
frequency region in the complex impedance plot provides
the bulk resistance of the electrolytes, and the conductiv-
ity of ions is calculated by using the relation σ¼ l

RbA
Here

l, A, and Rb are thickness, area, and bulk resistance of the
electrolyte system respectively. It has been observed from
Table 1 that the electrolyte without the addition of filler
exhibits the conductivity at 303K is 0.3� 10�3 S cm�1,
while incorporating the ZrO2 filler with 3 wt%, conduc-
tivity enhances to one order of magnitude (1.3� 10�3

S cm�1) at 303K. The ionic conductivity value rises upon
the rise of ZrO2 up to 6 wt% and further addition dips the
conductivity down, which is very much visible from
the complex impedance plot (Figure 3(a) inset). As
increasing ZrO2 content, the bulk resistance has shifted
to the left and then shifted to the right, with minimum
bulk resistance taken place at the composition 6 wt% of
ZrO2. From Table 1, it is implied that the maximum ionic
conductivity is detected for the film ZB3 of 1.2� 10�2

S cm�1 at 303K. The value has been reasonably larger
than that of the earlier report of Stephan et al.30 for
PVdF-co-HFP gel system and also higher than the report
of Uma et al.17 for PVC-LiBF4-DBP-ZrO2 system. The
inclusion of inorganic particles improves free volume,
which leads to larger salt detachment, and also the flaws
presented during the spreading of ceramic fillers. A new
transport mechanism ripens for the reason that of contact
between polymer and inorganic particles. This transport

FIGURE 2 FTIR spectra of pure PVdF, P(S-MMA), LiClO4,

pure ZrO2, bare P(S-MMA)-PVdF-LiClO4-EC + PC(ZB1), 3 (ZB2), 6

(ZB3), 9(ZB4), and 12 wt% (ZB5) of ZrO2 based polymer electrolyte

[Color figure can be viewed at wileyonlinelibrary.com]

TABLE 1 Ionic conductivity values of P(S-MMA)-PVdF (25:75 of 27 wt%)-LiClO4 (8 wt%)-EC:PC (1:1 of 65 wt%)- ZrO2 (bare, 3, 6, 9, and

12) wt% (ZB1-ZB5) in the temperature range 303–343 K

Sample code

Ionic conductivity (S cm�1)
Activation
energy (Ea) eV303 K 313 K 323 K 333 K 343 K 353 K

ZB1 0.00031 0.00034 0.00046 0.00059 0.00063 0.00066 0.68

ZB2 0.0013 0.0025 0.0033 0.0044 0.0047 0.0052 0.39

ZB3 0.0119 0.0127 0.0152 0.0184 0.0259 0.031 0.23

ZB4 0.0071 0.0080 0.00906 0.00934 0.0098 0.014 0.29

ZB5 0.0047 0.0048 0.0051 0.0068 0.0070 0.0087 0.31
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mechanism is responsible for a track for the transmission
of lithium ions.31 Hence, rapid enrichment in the
conduction of ions has been found for the hybrid polymer
electrolyte. The enhancement in transporting phenomenon
can also be recognized to the inorganic particles, substitute
as nucleation cores for the creation of tiny structured and
the inorganic phases assisting in the creation of unstruc-
tured stages in the polymer electrolyte. The 6 wt% ZrO2

based complex (ZB3) has been attained the maximum con-
ductivity. With further increase in ZrO2 content, the con-
ductivity value is declined down. Analogous observations
had been previously obtained by Qian et al.32 for PEO-
based composite polymer electrolytes. This deed is a
straight significance of large concentrations of ZrO2, which
indicates well-defined crystallite regions, and the ZrO2 par-
ticles lean towards encumber ionic movement by acting as
simple insulators. Also, this behavior is observed because
the dispersed ceramics influenced the recrystallization
kinetics of P(S-MMA) chains, thereby eventually stimulat-
ing localized amorphous regions and then the improve-
ment of the Li+ ion transport. Figure 3(b) shows the
temperature-dependent ionic conductivity plots in the tem-
perature range 303–353K. The same trend was obtained
for our previous studies on PVdF-PEMA based composite
gel polymer electrolyte and PEO-based composite polymer
electrolyte.33,34 The whole complex, the conductivity rises
with the rise of temperature and this can be updated by the
free volume model. The arc of the plots shows that ionic
conductivity appears to follow Vogel–Tammann–Fulcher
relation,35 which designates that transport of ions in poly-
mer matrices requires polymer zig-zag motion. Miyamoto
et al.36 conveyed that the ionic conductivity improved with
growing temperature as a consequence of the free volume
model where, the temperature rises, the polymer electro-
lyte is enlarged simply and harvest free volume. Thus,

solvated molecules, ions, or the polymer segments can con-
veyance into the free volume, affecting it to rise the move-
ment of charge carriers. This improves the ions and
polymer zig-zag motion that will, in turn, progress the
ionic conductivity. The ionic conductivity of the prepared
samples along with activation energy is depicted in
Table 1. The activation energy of the system varies within
the range 0.23–0.68 eV. We have calculated using Arrhe-
nius equation σ = σ0 exp(

�Ea
KT Þ Here σ–ionic conductivity

of the sample, σ0–pre exponential factor, Ea�activation
energy, K–Boltzmann's constant, and T–absolute temper-
ature. We plot the graph between 1000/T and log σ and
take the slope of the curve (Figure 3(b)) hence we obtain
the activation energy. It exposes that highly conducting
film keeps smaller activation energy.

The huge conduction of ions and tensile durability
of the electrolytes can be attained by filler (ZrO2). Due
to its high relative permittivity such as 89.6 at 40�C,
the plasticizer EC provides the leading route for porta-
ble species. The addition of inorganic filler enhances
the free volume, which accompanies larger salt separa-
tion, further the creation of imperfections because of
an interaction of the polymer and the filler. Therefore,
substantial enrichment in the conductivity is attained
for the polymer system. The conductivity is ascribed to
the fillers, acted as a seeding center for the creation of
tiny structures, and the fillers aided in the creation of
unstructured particles in the electrolyte matrices.
Adding ZrO2 in the electrolyte matrices affords the
transporting pathways for the tiny species and
increases the ion bouncing mechanism between the
organizing spots and accompany by local structural
relaxation and zig-zag mobility of the polymer. Also,
the addition of plasticizers caused excellent pathways
to ionic movement and provides more mobile charge

FIGURE 3 (a) Nyquist curve of P(S-MMA)-PVdF- LiClO4-EC + PC +6 wt% ZrO2 polymer electrolyte in the temperature range 303–
353 K, (b) Arrhenius plots of P(S-MMA)-PVdF- LiClO4 + EC + PC+ ZrO2 (bare, 3, 6, 9, 12) wt% based electrolytes in the temperature range

303-353 K
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carriers by forming the networks.37–39 Similarly, we
compared with 265 nm ZrO2 nano particles dispersed
along the above polymer system. The results and dis-
cussion of the corresponding system has been provided
in the Data S1 (Figure S1).

3.4 | SEM analysis

SEM is used to analyze the microstructure of the as-
prepared samples. Figure 4(a–e) depicts SEM images
of the prepared CGPE with the magnification of 1 K.
As seen from Figure 4(a), the surface of P(S-MMA)-
PVdF membrane without adding nano-ZrO2, the pores
exist due to the polymer matrix. During the increase of
filler content up to 6 wt% the gelled electrolyte

provides an excellent network formation (Figure 4(c)).
Further inclusion of ceramic particles displays the
accumulation of nanoparticles which has been shown
in Figure 4(d,e). Such kind of accumulation obstructs
the Lithium-ion with transport leads to a decline in
conductivity. SEM pictures replicate the conductivity
of ions quantities.40

3.5 | Thermal analysis

Thermogravimetric/differential temperature analysis
is employed to recognize the thermal stability and
decomposition of the polymers and their other con-
stituents based on their volatility. Figure 5 depicts the
TG/DTA curve for optimized parent polymer

FIGURE 4 SEM images of

(a) bare P(S-MMA) –PVdF- LiClO4-

EC + PC (b) 3 (c) 6 (d) 9 (e) 12 wt%

of ZrO2 based P(S-MMA)-PVdF-

LiClO4� based polymer electrolyte

[Color figure can be viewed at

wileyonlinelibrary.com]
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electrolyte - ZrO2 (6) wt%. The sample shows a
weight loss of about 3–10% at 100�C, it may be due to
the presence of wetness, while loading the sample for
the analysis. The second decomposition of the sample
happens around 320�C, it may due to the expelling of
the plasticizers. Beyond which the film is found to
lose its weight drastically causing the disintegration
of the electrolyte matrices. This decomposition is
endorsed to the copolymer breaking bonds (C H,
C F) in the polymer matrices. Nearly 6% of the resi-
dues have been observed for samples which may be
due to the presence of inorganic filler ZrO2 in the
complexes. It is obvious from the observation that
the film containing 6 wt% of ZrO2 combination
exhibited higher conductivity of ions and thermal
steadiness up to 270�C. The DTA curves of all sam-
ples entrust the decomposition of the polymeric mate-
rials as analyzed in the thermogravimetric curve.

3.6 | Linear sweep voltammetry and
cyclic voltammetry analyses

Figure 6(a) depicts the linear sweep voltammetry curve of
SS/ ZB3/Li cell. It can be seen from Figure 6(a), as volt-
age increases through the electrolyte ZB3, no current
flows through the electrolyte up to 4.5 V, beyond which
the electrolyte allows the current to pass through it rap-
idly, which reveals the electrolyte's decomposition. This
disintegration of the electrolyte is observed around 4.6 V,
indicates the oxidative steadiness of the matrices. This is
a significant parameter for the application of electrolytes
in high voltage battery fabrication. The electrochemical
performance of the as-synthesized composite gel electro-
lyte matrices has been evaluated using (CR 2032 type
coin cell) LiFePO4/ZB3/Li half-cell at 0.5 mV s�1. The
cyclic voltammetry of the cell is performed over a voltage
array between 2 and 4.3 V versus Li+ at scan proportion
of 1 mV s�1 at 303 K, which has been depicted in
Figure 6(b). The oxidation and reduction peaks have
appeared at a potential of 3.33 and 3.05 V respectively. A
similar trend was observed from the literature.37,41,42

3.7 | Charge/discharge profile analyses

Figure 7 shows a typical charge–discharge profile of the
fabricated ZB3 electrolyte-based sample at 0.1 C rate
under room temperature with cut-off voltage 2 to 4.3 V,
the initial charge and discharge capacities are 162 and
144 mAh g�1 with the coulombic efficiency of 88.8%. The
prepared sample attained 84.7% of the theoretical value,
representing that the LiFePO4 created in that work has
good kinetics and that it can efficiently function in a bat-
tery having a polymer electrolyte. The stable potential
range in the charge/discharge profile shows good electro-
chemical stability. In the fifth cycle, the cell brings a

FIGURE 5 TG/DTA (DTA stands for differential thermal

analysis) curves of P(S-MMA)-PVdF(25:75 of 27 wt%)-LiClO4(8 wt

%)-EC:PC (1:1 of 65 wt%)- ZrO2 (6) wt% based polymer electrolyte

FIGURE 6 (a) Linear sweep (b) cyclic voltammogram of LiFePO4/ P(S-MMA)-PVdF-LiClO4-EC + PC–6 wt% ZrO2 (ZB3)/Li cell [Color

figure can be viewed at wileyonlinelibrary.com]
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reversible capacity of 142 mAh g�1 with a capacity reten-
tion of 98.6% has been attained. These results confirm the
prepared polymer electrolyte effectively enhances the
performance of the lithium-ion battery.

Figure 8 illustrats the performance Li/CPE/LiFePO4

cell at 0.1 C rate. The composite gel electrolyte displays
auspicious characteristics such as capacity retention
and coulombic efficiency. Upon continuous cycling, the
coulomic efficiency of the electrolyte is 88.8%. The dis-
charge capacity is observed from initial and 50th cycle
is 144 and 107 mAh g�1 respectively at 0.1 C rate with
capacity retention is 74.3%. The observed values are cor-
related with the cyclic behavior of batteries Li/LiFePO4

with composite polymer electrolyte.39,43 Hence, the

better electro chemical performance of CPE is due to
the inclusion of ZrO2 in the electrolyte.

4 | CONCLUSION

The ZrO2 filler (bare, 3, 6, 9, and 12) wt% had been dis-
persed into the prepared P(S-MMA)-PVdF-LiClO4-EC
+ PC complex. The as-prepared films had been subjected
to study structural, functional, thermal, morphology,
impedance, and luminescence properties. The amor-
phous structures, complexation behavior of the synthe-
sized films was established through X-ray diffraction and
FT-IR technique respectively. Thermal stability of the
polymer electrolyte was up to the temperature 270�C is
ascertained through TG analysis. The enhanced ionic
conductivity by adding the PVdF with the parent electro-
lyte was 1.2 � 10�2 S cm�1 at 303 K for the 6 wt% ZrO2

based system. This linear increase in conductivity was
due to the role of plasticizer mixture and the blend poly-
mer PVdF which had also possessed a higher dielectric
constant that is, 8.4. The decomposition of the electrolyte
is observed around 4.6 V, using LSV studies, indicates the
oxidative stability of the electrolyte. The oxidation and
reduction peaks had appeared at a potential of 3.33
and 3.05 V respectively using cyclic voltammetry studies.
The charge/ discharge profile of the half cell is performed
for 50 cycles to confirm the stability of the battery using
battery tester at 0.1 C rate. The discharge capacity of
144 mAh g�1 with the 88.8% coulomic efficiency and
with capacity retention of 74.3%. The optimized
nanocomposite polymer electrolyte system has been used
as the probable device manufacture in the rechargeable
lithium batteries.
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FIGURE 8 Cyclic stability of LiFePO4/ ZB3/ Li cell at 0.1 C

rate between 2 to 4.3 V [Color figure can be viewed at

wileyonlinelibrary.com]

FIGURE 7 Initial chare/discharge profile of LiFePO4/ P(S-

MMA)-PVdF-LiClO4-EC + PC–6 wt% ZrO2 (ZB3)/Li cell [Color

figure can be viewed at wileyonlinelibrary.com]
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