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ABSTRACT

ypothesis: Fabricating polymer nanocomposites based on blends of
Hpolyethylene oxide (PEO) and polyvinylidene fluoride (PVDF) containing
graphene nanoplatelets, aimed at improving polymer compatibility and
enhancing electrical conductivity for use in electrolyte membranes of lithium batteries,

could yield materials with superior electrical and dielectric properties.
Methods: Nanocomposite films with varying weight ratios of PEO and PVDF and
a constant 0.5 wt% graphene nanoplatelets were prepared using the solution casting
method. The electrical performance of the samples was evaluated by electrochemical
impedance spectroscopy over a frequency range of 10 Hz to 10 MHz at room
temperature. Conductivity, dielectric, and dielectric modulus properties were analyzed.
Findings: The alternating current (AC) conductivity followed Jonscher’s power law
at high frequencies. The highest direct current (DC) conductivity at room temperature
was calculated to be 2.82 x 10 Sem™ for the nanocomposite containing 60 wt%
polyethylene oxide, which was attributed to the reduced crystallinity of the PEO
component and increased free volume in the sample. This study demonstrated that
the weight percentage of PEO was a critical factor determining the dielectric and
blend, conductive properties of PEO/PVDF-based nanocomposites. Samples with more
than 50 wt% PEO exhibited higher ionic conductivity, evidenced by high dielectric
constant values at low frequencies and a distinct peak in both loss tangent and electric
electrical properties, modulus spectra. Analysis of the electric modulus confirmed the ionic nature of
electrochemical impedance these materials, revealing that increased PEO content enhanced ion dynamics and
charge carrier mobility. This led to a decreased relaxation time and consequently
higher electrical conductivity. The findings demonstrate the successful fabrication
of polyethylene oxide/polyvinylidene fluoride/graphene nanocomposite films with
enhanced electrical and dielectric properties, suitable for use in energy storage devices

particularly in solid polymer electrolytes for lithium-ion batteries.
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Table 1. Crystallinity percentage of PEO, PVDF, and overall
crystallinity in PEO/PVDF nanocomposites containing gra-

phene nanoplatelets.

Crystallinity (%)
Sample code
Overall PVDF PEO
Neat PEO 63.68 - 63.68
PEO100/0.5 67.64 - 67.64
PE090/0.5 63.42 41.60 65.85
PEO80/0.5 58.07 36.91 63.36
PEO70/0.5 51.17 35.25 57.99
PEO060/0.5 53.04 42.78 59.89
PEO50/0.5 46.93 41.34 52.52
PE040/0.5 40.88 40.79 41.01
PEO030/0.5 38.67 46.05 21.43
PEO20/0.5 39.45 49.31 -
PEO10/0.5 45.68 50.75 -
PEO0/0.5 47.58 47.58 -
Neat PVDF 49.08 49.08 -

Gilae .ol o | il T IS 5l eslizal L PEO 55577, 5
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Fig. 1. SEM images of (a), (b) the binary blend containing 50 wt% PEO, and (c), (d) the PEO50/0.5 nanocomposite, at different

magnifications.
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Table 2. DC conductivity () values in various weight percent-
ages of PEO/PVDF blend-based nanocomposites, calculated
via Equation (3) and derived from the overall conductivity

spectra (G, ) at room temperature.

Sample code G, (S/m) o (S/m) R, ()
PEO100/0.5 10-1°x3.38 10x9.14 105x3.46
PE090/0.5 10719x4.62 10x8.23 105x3.27
PEO80/0.5 10-19x3.28 10¢x6.00 105x4.51
PEO70/0.5 10719x3.32 107x9.39 109x2.70
PEO60/0.5 10x2.82 107x1.65 109%6.99
PEO50/0.5 1011x9.98 107x1.68 109x8.99
PEO40/0.5 1011x1.14 108x5.11 108x1.20
PEO30/0.5 1011x3.78 108x2.56 107x8.42
PEO20/0.5 102x9.09 109%x4.37 108x4.03
PEO10/0.5 1012x5.46 10°9x2.11 108x7.64
PEO0/0.5 10-13x8.81 10°19x2.99 109%5.68
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Fig. 2. Cole-Cole impedance plots of PEO/PVDF nano-

composites with different polymer blend ratios at room temperature.
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Fig. 4. DC conductivity (o, ) of PEO/PVDF nanocomposites

with various weight percentages at room temperature.
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Fig. 3. The overall conductivity spectra of PEO/PVDF blend-
based nanocomposites with different weight percentages at

room temperature.
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Fig. 5. Plots of (a) the real part of permittivity ('e), (b) the imaginary
part of permittivity ("€), and (c) the dissipation factor (tand) versus
the logarithm of frequency for PEO/PVDF based nanocomposites

with different weight percentages at room temperature.
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Fig. 6. Plots of (a) the real part (M’) and (b) the imaginary part (M”) of the electric modulus versus the logarithm of frequency for

PEO/PVDF based nanocomposites with different weight percentages at room temperature.
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