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ABSTRACT

Gel polymer electrolyte films of high conductivity were prepared using Poly acrylonitrile (PAN) complexed with
Sodium Fluoride Salt (NaF) and ZrO; nano fillers. These films were characterized like EDS Spectroscopy, UV-Vis
Spectroscopy, DSC, Tensile test, and Discharge Studies measurements have been performed to characterize the
polymer electrolytes. The DSC result shows that varying of melting point with increase in salt concentration. The
effects of ceramic filler (ZrO,) on the conductivity of the Gel polymer electrolytes were studied. The high
conductivity has been observed for 4 wt% of ZrO, at room temperature (303 K) is about 3.69 x 10*S/cm and 4.96 x
10 S/cm at 373K. The prepared thick films and found to be freestanding, translucent and stretchy with good
mechanical strength. The electrochemical cell has been fabricated with the configuration of Na/PAN:
NaF(70:30)/Cathode(I,+C+Electrolyte+ ZrO»)and discharge characteristics were studied under the constant load of
100kQ various cell parameters such as open-circuit voltage (OCV),short circuit current (SCC),energy density, and
power density has been calculated.
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INTRODUCTION

In Recent years there have been interested Polymer salt complexes with significant ionic conductivity
have been extensively investigated due to their potential applications as electrolyte material in high-
energy-density solid-state batteries'. Composite polymer electrolytes (CPEs) comprising of a polymer
host, doping salt and inorganic / ceramic filler were first demonstrated by Weston and Steele in 19822
The properties of polymer composites have been studied by various researchers*!?. The addition of nano
fillers into the polymer matrixes improves both the mechanical strength of the polymer!'and their ionic
conductivities'?. The additives used include SiO»"%, ZrO,", Ti0,'%, Ce0,'¢, Al,05'"etc.The Gel polymer
battery has the advantage of having high-energy density, solvent-free condition, leak-proof, easy process
ability, and light weight. In the present research PAN (Polyacrylonitrile) Gel polymer electrolytes with
salt sodium fluoride (NaF) and ZrO- nano filler were prepared and their properties are studied.

EXPERIMENTAL

Preparation of plasticized Nanocomposites Polymer Electrolytes

Poly acrylonitrile (PAN) having molecular weight 1, 50,000 g/mol was used at as host polymer, Sodium
Fluoride (NaF) was the dopant salt. Ethylene carbonate (EC) was used as a plasticizer in the electrolyte.
ZrO>was used as nano filler. These solvents were completely purified. These Gel polymer electrolytes
were prepared by dissolving polyacrylonitrile (PAN) and sodium fluoride salt (NaF) in dimethyl
formamide (DMF) solvent. This solution was stirred in magnetic stirrer for two hours until we get a
homogeneous translucent Gel. Then the plasticizer ethylene carbonate (EC) was added to this solution
and stirred for two hours. After that, the nano filler ZrO, was added to this homogeneous solution and
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stirred for 48 hours. Then nano filler dispersed homogeneously in the polymer matrix. The obtaining
homogeneous mixture was then cast onto a glass plate and the solvent was allowed to evaporate at room
temperature in a dust free environment. After evaporation, the films were peeled off from the glass plate
and pressed under a membrane hot press at a temperature of 80°C.The pressure applied was 2.5
torr/cm?.Finally, we get mechanically flexible and self-standing polymer electrolytes. The samples
consisting 1wt% of ZrO, (Z1),2 wt% of ZrO, (Z2),3 wt % of ZrO, (Z3) and 4 wt% of ZrO, (Z4). The
prepared samples had average thickness was 136pm.

EXPERIMENTAL

In the present investigation, the Gel polymer electrolyte films having a composition of 70PAN-30NaF
with ZrO, nano particles .These films were prepared by solution casting method. Several characterization
techniques have been done like EDS Spectroscopy, Ultraviolet /Visible spectroscopy (UV-
Vis),Differential scanning calorimetry (DSC), Tensile strength Studies of these nano based Gel polymer
electrolytes have been analyzed. These results to emphasize the extraordinary effect occurring into the
PAN-NaF - ZrO, composite polymer electrolytes. Our results demonstrate that the dispersion of ZrO,
nano particles into the PAN-NaF matrix leads to an increase in the ionic conductivity of the composite
polymer electrolytes.

Fig.-1: Prepared 70PAN-30NaF- ZrO, complexed Gel Polymer Electrolyte Film

Table-1: Various compositions of filler incorporated GPEs

Sample code Composition (mol %)
PAN NaF DMF+EC ZrOs
Pure 700mg 300mg 20ml+880mg 0
Z1 700mg 300mg 20ml+880mg 1
72 700mg 300mg 20ml+880mg 2
73 700mg 300mg 20ml+880mg 3
74 700mg 300mg 20ml+880mg 4
RESULTS AND DISCUSSION

Energy Dispersive Spectroscopy

Element Weight% Atomic%
C 63.64 67.24
N 30.32 27.47
O 6.26 4.97
F 0.70 0.47
Na 0.03 0.02
Zr 0.89 0.12
Total 100.00 100.00
n I 2 4 I g g 10 12
Full Scale 326 cts Cursor: 0.000
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Element Weight% Atomic% Spectru |
C 39.65 53.46
N 10.11 11.69
O 4.64 4.70
F 22.97 19.58
Na 13.86 9.76
Zr 0.91 0.16
Total 100.00 100.00
Element Weight% Atomic%
C 75.63 80.62
N 9.02 8.25
O 13.02 10.42
F 0.67 0.45
Na 0.18 0.10
Zr 0.72 0.10
Total 100.00 100.00
Full Scale 326 cts Cursor: 0,000
Spectrum 1
Element Weight% Atomic%
C 71.76 77.85
N 10.38 9.65 n
O 13.68 11.14
F 1.38 0.95
Na 0.18 0.10
Zr 0.81 0.12
Total 100.00 100.00 MR P . A A
Full Scale 326 cts Cursor: 0.000 ke

Fig.-2: EDS Spectra of (a) PAN: NaF: ZrO, (70:30:1%); (b) PAN: NaF: ZrO» (70:30:2%) (c) PAN: NaF: ZrO,
(70:30:3%); (d) PAN: NaF: ZrO, (70:30:4%).

The energy dispersive spectroscopy (EDS) reveals that the chemical percentages of the samples. These
results indicate the presence of carbon(c), nitrogen (N), sodium (Na), Fluoride (F), zirconium (Z;) and
oxygen (O) elements in the Gel polymer electrolyte of 70PAN: 30NaF with 1- 4wt% ZrO, .

UV-Visible Spectroscopy

The variation of structural and conductivity details with the effect of salt and nanoparticles confirmed by
UV/Vis spectroscopy. The Fig.-3 shows that the UV/Vis spectra of 70PAN: 30NaF with 1-4 wt% of nano
particles (ZrO,) Gel polymer electrolyte films at room temperature. The UV-Vis spectrum images were
recorded by a Hewlett- Packard HP8452A diode array spectrometer. UV-Vis absorption can be analyzed
when a beam of light is passing through the sample and it is reflected from the surface of the sample. UV-
absorption forms at a single or a wide range of spectral wavelengths. During the transition of electrons,
the excitation takes place to higher energy levels. UV-Visible is used to identify inorganic complexation
of molecules and their qualitative and quantitative measurements'®. The main aspect for UV-Visible is to
identify the properties of optical and electronic materials and to characterize the absorption, transmission,
and reflectivity materials. The wavelength and optical band gaps are given in Table-2.

Differential Scanning Calorimetry (DSC) Analysis
To examine the thermal effect of ZrO» nanoparticles addition with the composition of PAN and NaF Gel
Polymer Electrolyte films were characterized by the DSC technique. From these results, the degree of
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crystallinity for a polymer electrolyte was determined. It was an important and affects physical properties
such as storage modulus, permeability, density and melting temperature. The degree of crystallinity
provides a fundamental property from which these other physical properties can be predicted.
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Fig.-3(a-e): UV-Vis Spectroscopic images of 70PAN: 30NaF with1-4 wt% of nano particles (ZrO;) Gel polymer
electrolyte films at room temperature.

DSC is a technique that measures heat flow into or out of a material as a function of time or temperature.
Polymer crystallinity can be determined with DSC by quantifying the heat associated with melting
(fusion) of the polymer. This heat is reported as Percent Crystallinity by normalizing the observed heat of
fusion to that of a 100 % crystalline sample of the same polymer. As authentic samples of 100 %
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crystalline polymer are rare, literature values are often used for this value!®%., Differential scanning
calorimetry (DSC) monitors heat effects associated with phase transitions or chemical reactions as a

function of temperature.

In a DSC the difference in heat flow to the sample and a reference at the same

temperature is recorded as a function of temperature. The reference is an inert material such as alumina,
or just an empty aluminum pan. The temperature of both the sample and reference are increased at a
constant rate. Since the DSC is at constant pressure, heat flow is equivalent to enthalpy changes.

Table -2: Optical band gap for 70PAN:30NaF with 1-4 wt% ZrO» based polymer electrolytes.

Gel Polymer Planck’s Speed of Light Wavelength Optical
Electrolyte constant (h) ©) (A% band gap in (ev)
Pure ZrO, 6.626 x 103 3 x 108 m/s 350.12 3.54842

Joule- seconds
Z1 6.626 x 103 3 x 108 m/s 348.0 3.56842
Joule- seconds
72 6.626 x 103 3 x 108 m/s 354.0 3.50794
Joule- seconds
73 6.626 x 103 3 x 108 m/s 378.0 3.28521
Joule- seconds
74 6.626 x 103 3 x 108 m/s 355.0 3.49806
Joule- seconds
e / 70/30 PAN
I 27/.7 1 s
\ / 28
/
) I 28821
=3
3
Ei 298.57
N —\/
WW
\VS 1
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Fig.-4: The DSC Curves of 70PAN:30NaF, 1-4 wt% of ZrO, Samples.
Table-3: T, AHu', % of 70PAN:30NaF, 1-4 wt% of ZrO, samples.
Samples Tiwn(°C) AHn"((j/g) | Crystallinity (%)
70PAN:30NaF 315.51 398.6 98
71 304.22 310.3 86
72 298.57 286.6 72
73 285.21 186.4 65
74 279.71 124.5 52
The crystallinity percentage was calculated by using the equation:
Xe =AHm*/398.6j/g (1)
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Where AH* is the heat enthalpy of the polymer electrolytes, PAN has T, T, and AHn*of 315.51° C,
107°C and398.6 Jg 'respectively.The Table-3 conclude that the addition of nanofiller content the value of
crystallinity decreases and also melting temperature values decreased. These results showed that the
addition of 4 % ZrO,favored the mobility of sodium ions in the PAN (Polyacrylonitrile)Chain by
decreasing the cross linking points due to this one the nano filler-polymer interaction influenced the speed
of sodium ions in the polymer chain and results were reported in the literature®'*,

Mechanical Studies

The tensile strength was one of the important factors while manufacturing polymer electrolytes.
Incorporating additive such as ceramic powder can strengthen the dimensional stability of electrolyte
membranes®.To evaluate the mechanical strength of the prepared Gel Polymer Electrolytes, the stress-
strain curve taken as shown in Fig.-5. It was observed that all samples show two distinct regions i.e the
initial linear region reflect the elastic characteristic and then the non linear region showed the plastic
deformation.

7.5 7
7.0 4 1% Zr202
6.5 2% Zr202
6.0 4 3% Zr202
5.5 — 4% Zr202
. /N
= 4.5
o 4 \
s 407 \
a 3.5 \
o B \
& 3.0 b \
2.5 4 \\
1.5 —: \ ~
1.0 ~ X
0.5 —-/ T .
0.0 ] T T T T T T T 77\\| 1
0 2 4 6 8 10 12 14 16 18
Strain(% )
Fig.-5: Stress-Strain curve for Z1, Z2, Z3 and Z4 samples.
The tensile strength of 70PAN:30NaF:1%ZrO. (Z1) electrolyte was 3.8MPa. For the

sample70PAN:30NaF:2%Zr0O; (Z2), the tensile strength increased to 4.2 MPa due to the addition of nano
filler. Similarly As the concentration of ZrO, nano fiber increased to 3 wt% (Z3) and 4 wt% (Z4), the
tensile strength enhances to 5.5 MPa, and 6.8 MPa respectively. This was due to the enhancement of cross
linking density of filler in the polymer chain, thereby increasing the mechanical strength of the polymer
electrolyte. The calculated tensile strength, elongation at break values of the prepared polymer
electrolytes were given in Table-4.

Table- 4: Tensile strength (MPa), Elongation at break for Z1, Z2, Z3 and Z4 samples

Samples Tensile strength (MPa) Elongation at break (%)
Z1 3.8 11.9
72 3.9 13.9
73 5.0 14.0
74 5.6 15.9

Discharge Characteristics

To determine Discharge Characteristics the solid state electrochemical cell was fabricated with the
configuration of anode Na/PAN:NaF(70:30)/Cathode(I,+C+Electrolyte+ ZrO,).The thickness of both the
electrodes is Imm.The surface area and thickness of (PAN+ NaF+ ZrO,) Gel polymer electrolyte were
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1.36cm? and 136 pum respectively. The Discharge Characteristics of the cell for a constant load of 100KQ
were evaluated at room temperature. From Fig.-6the initial sharp decrease in the voltage in these cells
may be due to polarization and the formation of a layer of Sodium salt at the electrode-electrolyte
interface. Cell parameters like open circuit voltage (OCV), short circuit current (SCC), current density,
power density, energy density and discharge capacity, have been evaluated to the highest conducting gel
polymer electrolyte system PAN: NaF (70:30)+Nano filler(ZrO;) in said electrochemical cell and the
obtaining data are given Table-5.

From Table-6, it is obvious that the cell with the composition PAN: NaF (70:30) +Nano filler ZrO»
exhibits better performance and stability than PEO: NaYF4 and PEO: Nal complexed polymer electrolyte
systems?*?® and almost compatible with the existing reports of PVA: Na Br and PVP: Nal complexed
polymer electrolytes.”*'Hence, the cell developed in this work offers interesting alternatives for
temperature solid state batteries. The cell parameters acquired on this polymer electrolyte system are
given in table .it is confirmed that gel state cell parameters are better than the earlier reported sodium

based polymer electrolyte cell system.3>37
3.0 -
\ [—=m—4wt% ZrO 2]
2.5 — -\
2.0 — -
z i \-
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Fig.-6: Discharge characteristics of 70PAN: 30NaF complexed with 4 wt% of ZrO; nano filler polymer electrolyte
electrochemical cell (load =100K(2).

Table-5: Cell parameters of PAN: NaF+ZrO»/ (I,+C+Electrolyte) polymer electrolyte battery

Electro chemical Cell parameters Na/PAN: NaF (70:30)/(I+C+Electrolyte)+ ZrO»
Open Circuit Voltage (V) 1.65
Short Circuit Current (uA) 1.8

Effective area of the cell (cm?) 1.28
Weight of the cell (gm) 1.72
Discharge Time (h) 138
Current Density (uA cm™) 2.12
Power Density (W Kg!) 2.86
Energy Density (Wh Kg'!) 314.2
Discharge Capacity (uA h™") 136.4
CONCLUSION

The new proton Gel Polymer Electrolyte films having a composition of 70PAN-30NaF with ZrO> nano
particles dissolving in EC and DMF .These films were prepared by solution casting method. Several
characterization techniques have been done like EDS Spectroscopy for structural analysis, Ultraviolet
/Visible spectroscopy (UV-Vis) for optical band gap determination, Differential scanning calorimetry
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(DSC) for determining heat flow rate and melting points, Tensile strength Studies for observing
mechanical studies These results to emphasise the extraordinary effect occurring into the PAN-NaF -
ZrO> composite polymer electrolytes. Our results demonstrate that the dispersion of ZrO; nano particles
into the PAN-NaF matrix leads to an increase in the ionic conductivity of the composite polymer
electrolytes. Discharge Characteristics obtained using 70PAN: 30NaF Gel Polymer Electrolyte system
solid—state battery (Na/PAN: NaF (70:30) +EC+DMF/ (I,+C+Electrolyte)) has been fabricated and
studied and these results are found to be comparable with existing results.
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