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Abstract. In this study, electrically conductive composites of ethylenedioxythiophene-based terpolymer (PETCH),
polyvinylidene difluoride (PVDF) and graphene nanosheets (GNS) have been prepared by compression molding and
characterized. A new conjugated PETCH polymer was synthesized and its chemical structure has been confirmed by
Fourier transform infrared and 1H-NMR spectroscopy. The varying weight percentages of (1, 3 and 5%) GNS and 10 wt%
PETCH dispersed PVDF nanocomposites were prepared and characterized using X-ray diffraction, thermogravimetric
analysis, scanning electron microscopy and energy-dispersive X-ray spectroscopy (EDX) analysis. The thermal studies
indicated that the decomposition occurred at a temperature around 220°C, and 480°C corresponds to the PETCH and
PVDF/PETCH/GNS (1, 3 and 5%), respectively. The EDX spectrum of neat PETCH polymer and their composites of
PVDF/PETCH/GNS (1, 3 and 5%) result clearly shows the presence of all elements such as, C, O, S, F and CI with an
atomic weight percentage. The PVDF/PETCH/5% GNS has a dielectric constant value of 3.9 at 1 MHz and the con-
ductivity of this polymer composites value is found to be 5.8 x107® S cm™ at 1 MHz, respectively. Results obtained from the
dielectric studies indicated that the GNS and terpolymer-dispersed PVDF composites exhibit good interfacial adhesion as

evidenced from conductive behaviours.
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1. Introduction

The advancements in modern technology and electronic
gadgets require new type of conductive polymer composites
with improved electrical conductivity, thermal and chemi-
cal properties to replace metal-based conductors and/or to
protect the gadgets from electromagnetic radiation inter-
ference [1-3]. The intrinsic properties of conductive poly-
mer composites, such as conductivity, biodegradability,
high strength, and recyclability, enable them to be applied
in several novel applications, including fuel cells, electro-
magnetic interference (EMI) shielding materials, drug
transfer neural probes, bio-actuators, antennas etc. [4, 5].
The most promising EMI shielding materials are those with
conductive polymer composite matrix and/or combined
with conductive fillers [1, 6-9].

The most significant conductive polymers studied in EMI
shielding applications are polypyrrole (PPy) [10], poly-
acetylene (PA) [I11], polyaniline (PANI) [12, 13],
polyvinylidene fluoride (PVDF) [14] and polyethylene
dioxythiophene (PEDOT) [15], which have inherent
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electrical conductivity. Among the conducting polymers,
PVDF has been the subject of extensive research due to its
exceptional pyro- and piezoelectric capabilities, large
intrinsic polarization, good flexibility, low cost, ease of
processing and lightweight. In addition, due to its superior
characteristics and high permittivity, PVDF has been used
in high-charge storage capacitors, micro-electronic devices,
transducers, sensors, memory devices, actuators, and EMI
shielding materials [16-24]. The polymer-based EMI
shielding materials find application as a coating material for
the medical and broadcasting equipment, which can prevent
the interference of EM radiation and thereby reduces the
noise and in-turn enhance the performance of said equip-
ment. PVDF nanocomposite exhibits tunable ferroelectric
and piezoelectric properties owing to its semi-crystalline
nature that can be tailored through the processing condi-
tions, which have an effect on the crystallization behaviour
[25, 26]. The dielectric properties of PVDF need to be
enhanced to meet future requirements in electronics and
EMI shielding efficiency applications, and hence in the
present work, it has been attempted to prepare PVDF
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composites having increased dielectric properties by the
incorporation of conjugated terpolymer containing PEDOT
and graphene nanosheets (GNSs).

The polythiophene derivatives have drawn a lot of
attention in recent years [27, 28], particularly PEDOT,
which is made of ethylenedioxythiophene (EDOT) mono-
mers, has attracted a great deal of attention due to its good
electrochemical characteristics, affordability, good trans-
parency and cathodic electrochromic behaviour [29, 30]. On
the other hand, in order to develop the characteristics of the
matrix made of conducting polymers, an immense effort has
been made to add numerous types of carbon-based fillers
such as carbon nanotubes (CNT) [31, 32], GNS [33], gra-
phene oxide (GO) [34], graphene nanofibres (GNF) [35].
Among them, due to the outstanding charge-transfer capa-
bilities, substantial specific surface area and superior
mechanical attributes, the widely spread use of two-
dimensional (2D) material known as graphene nanosheet
has become a research hotspot with potential applications
[36, 37].

For instance, Gebrekrsto et al [38] studied the mechanism
of formation of the electroactive B-phase and the effects of
nanofillers on the dielectric properties of PVDF membrane.
Ahmed et al [39] reported the electromagnetic shielding
efficiency (SE) of ~16 and 22 dB for PVDF/graphene and
PVDF/graphene/nickel ferrite, respectively. A multi-
component composite of PVDF incorporated with CNT,
graphene and NiCo particles reported to have an outstand-
ing EMI shielding efficiency of 63.3 dB and an electrical
conductivity of 9.12 S cm! [40]. A composite nanomaterial
of PVDF blended with PEDOT-block-PEG block copoly-
mer, GNSs and CuO nanoparticles exhibited a dielec-
tric constant of 34 and dielectric loss values of 9.2 at the
lower region of frequency (100 Hz and at 150°C). The
composite was also found to have an electromagnetic
radiation shielding of 17 dB at Ku-band frequency region
[41].

In the present work, we have developed highly conduc-
tive nanocomposites by GNS and ethylenedioxythiophene-
based terpolymer-dispersed polyvinylidene difluoride
composites [PVDF/PETCH (10%)/GNS (1, 3, 5%)]. It is to
be noted that conjugated terpolymer has not been studied
with PVDF for dielectric applications so far, we anticipate
that the compatibility and interfacial adhesive nature will
play a crucial role in the transport of electrons across the
boundary. Data obtained from different studies, such as
Fourier transform infrared (FT-IR), "H-NMR, X-ray powder
diffraction (XRD), scanning electron microscopy (SEM),
energy-dispersive X-ray spectroscopy (EDX), thermo-
gravimetric analysis, thermogravimetric-differential scan-
ning calorimetry (TG-DSC) and dielectric studies, suggest
that the GNS and thiophene-based terpolymer-dispersed
PVDF composites, prepared in the present work, own good
morphological, thermal and dielectric properties suitable to
be used in EMI shielding materials.
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2. Experimental

2.1 Materials

All the reagents are derived from commercial vendors’ and
used as received. 3,4-Ethylene dioxythiophene (EDOT) was
purchased from Sigma-Aldrich. 4-Chlorobenzaldehyde and
copper powder were purchased from the SRL Chemicals.
PVDF was purchased from the Sigma-Aldrich. Heptalde-
hyde, para toluene sulphonic acid (p-TSA), chloroform
(CHCl5 99%), ethanol (99.8%) and HNO; were received
from Avra Chemicals.

2.2 Synthesis of PETCH copolymer

In a 100 ml round-bottom flask EDOT (0.01 mmol),
4-chloro benzaldehyde (0.01mmol) and heptaldehyde (0.01
mmol) are dissolved in chloroform solvent (20 ml) and then
p-TSA (0.02 mmol) is added dropwise. The contents were
refluxed for 24 h at 70°C in an N, atmosphere under
magnetic stirring. After the specified time, the reaction
mixture was filtered and then methanol was added to filtrate
to precipitate the polymer as solid product, which was
washed with water several times. The acquired product was
dried out under a vacuum at 50°C for 12 h [42]. The syn-
thesis of PETCH polymer is shown in scheme 1.

2.3 Synthesis of GNS

CHCl3 (25 ml) and copper powder (10 g, 99.7% pure) are
heated to 200°C for 10 h in a 100 ml Teflon-lined autoclave.
After the specified time, the autoclave is cooled to RT, and
the formed solid mass was separated by filtration and the
filtrate is used for further experiments. And then, the
obtained solid mass was treated with 6 M HNO; for 12 h at
RT, and filtrated and the solid was washed with deionized
water until the filtrate becomes chlorine free and attains
neutral pH. The solid product was air-dried to obtain 1 g of
the carbon product [43, 44].

2.4  Preparation of PETCH/PVDF/GNS nanocomposite
film

The PETCH polymer was mixed with GNS powder in a
solid state, and then PVDF in powder form has been ground
with PETCH/GNS using mortar and pestle. Obtained mix-
ture was placed in a temperature-controlled compression
press and the mould was heated to 100°C, and a pressure of
1000 kg is applied to obtain 2 mm sheets of PETCH/PVDF/
GNS nanocomposite. Similar procedure was followed by
preparation of PVDF/PETCH/GNS (1, 3, 5%) with different
percentages of composite sheets, as shown in scheme 2.
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Scheme 2. Synthesis of PVDF/PETCH/GNS (1, 3, 5%) composites.
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2.5 Measurements

FT-IR spectrum of PETCH and PVDF/PETCH/GNS
composites was recorded in a Perkin Elmer (L160000A)
equipment through the KBr pellet technique.'H-NMR spec-
trum of the prepared PETCH polymer was registered in a
Bruker instrument using deuterated DMSO as solvent. Bru-
ker D8 Advance, diffractometer was used to record the XRD
patterns of GNS-dispersed composites within scan range of
5 to 90° of 26. The morphology of PVDF/PETCH/GNS (1, 3,
5%) composite films was studied using SEM of model
TESCAN VEGA3 SBH.TG-DSC spectrum was recorded the
instrument model Perkin Elmer and the temperature range 50
to 1300°C with heating rate 2 to 30°C min~". The electrical
behaviour takes place over the material and was understood
from the dielectric constant, dielectric loss, conductivity and
Impedance values, which was studied in a Biologic SP 200
Potentiostat instrument.

3. Results and discussions

3.1 Fourier transform infrared studies

FTIR spectra of the (a) PETCH and (b) PVDF/PETCH/GNS
(1, 3, 5%) nanocomposites are shows in figure 1. The peak
(a) PETCH appears at 3410 cm™', C-H stretching modes of
alkene. The peak appears at 3067 cm™', C—H stretching of
alkane. The peaks appearing at 2950 to 2832 cm™' are C-H
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vibration of alkane. The peak appears at 2358 cm™' band,
this is due to the P-Q branch of CO, gas present in the
spectrometer. The stretching modes of C=C in the thiophene
ring exhibited IR absorption at 1500 cm™'. The C-S bond
stretching vibration of the thiophene ring was seen at 978
and 696 cm™' [45]. The IR absorption peak that appears at
814 cm™' is credited to C—CI bond of 4-chlorobenzalde-
hyde. The peak appearing at 1438 cm™ is accredited to the
bending aliphatic of C-H in alkane for heptaldehyde, while
the absorption band at 1359 cm™ is owing to the C-H
bending aliphatic group. After the functionalization of
(b) PVDF/PETCH/GNS (1, 3, 5%), the vibrations at 1619,
1373 cm™" are ascribed to the C=C and C-C stretching
vibrations of thiophene ring. Fascinatingly, the IR absorp-
tion peak at 3435 cm™' is slightly shifted to 2917 cm™'.
Absorption of C=C group also exhibited lower absorption at
1619 cm‘l, and the C-Cl bond in 4-chlorobenzaldehyde
showed its absorption at 764 cmfl, these data confirm the
successful formation of PVDF/PETCH/GNS (1, 3, 5%)
polymer nanocomposites [46].

3.2 'H-NMR spectrum of PETCH

'"H.NMR spectrum of PETCH is shown in figure 2, which
reveals that the characteristic of the (d) aromatic protons of
4-chlorobenzene appeared at 7.19 ppm, (c) protons
appeared at 4.51 and 4.35 ppm and the CH- protons of
PEDOT. The chemical shifts of (b) protons appeared at
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Figure 1. FTIR spectra of (a) PETCH and (b) PVDF/PETCH/GNS (1, 3, 5%) nanocomposites.
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Figure 2. 'H-NMR spectrum of polymer (PETCH).

1.51, 1.18, 0.82 ppm, and all the CH protons (a) of aliphatic
chain appeared at 0.81 ppm. The chemical shift of DMSO
solvent appeared at 2.8 ppm.

3.3  X-ray powder diffraction analysis

Figure 3 shows XRD patterns of PETCH, GNS and PVDF/
PETCH/GNS (1, 3, 5%) composites in the range between 10
and 90°. The diffraction peaks appeared at 17.3°, 18.5°, 46.0°,
56.2° are assigned to the lattice planes of (100), (020), (110)
and (002) respectively. As it is observed from the diffraction
peak of (a) GNS which is centred at 20 = 26.7° related to
(002) plane that reveals the monolayer structure of GNSs.
However, (b) PETCH polymer showed a broad peak at
26 = 20.3° indicating the characteristic diffraction of amor-
phous materials, and this peak was found shifted to 20 = 21.1°,
and diffraction of GNS is shifted to 20 = 28.9° in the (c—)
PVDF/PETCH/GNS (1, 3, 5%) composite, due to the n—m
stacking interaction betwixt PETCH chains and GNS may be
responsible for the peak shift in XRD pattern [47, 48]. The
well-known diffraction peaks of PVDF are centred at 20 =
17.3°, 18.5°,46.0°, 56.2°, corresponding to (100), (020) planes.
This suggests that PETCH, GNS and PVDF are mixed
homogeneously without any phase separation to form
PVDF/PETCH/GNS (1, 3, 5%).

3.4 Thermogravimetric analysis

Thermal properties of as-prepared materials (PVDF/PETCH/
GNS (1, 3, 5%)) were analysed using thermogravimetric

i

5

3

analysis with the raising temperature (0 to 800°C).
Figure 4 illustrates that the thermal stability of pristine
PETCH was much lower than that of PVDF/PETCH/
GNS (1, 3, 5%). The results demonstrated that the initial
weight loss was observed at 100°C for neat PETCH and
PVDF/PETCH/GNS (1, 3, 5%), it is due to the vapor-
ization of moisture on the thin film surface. The neat
PETCH shows the decomposition temperature 220°C
obtained with minimum weight loss. The second stage
weight loss occurred at 450 to 800°C corresponding to the
decomposition of PETCH and about 60% weight loss was
observed. The PVDF/PETCH/GNS (1, 3, 5%) shows the
decomposition having 50 wt% at above a temperature of
480°C and the second stage weight loss occurred at around
520°C corresponding loss of PETCH in the host of PVDF/
PETCH/GNS (1, 3, 5%) [49-51]. The nature of thermo-
grams dictates that the unmodified PETCH polymer
undergoes decomposition at a faster rate when compared
to PETCH/PVDF blends due to higher thermal stability of
fluorinated polymer, in addition, the PVDF/PETCH/GNS
(1, 3, 5%) thin film exhibits a gradual weight loss and
retains about 55% of the weight at higher temperatures,
due to the presence of GNS [52, 53].

3.5 TG-differential scanning calorimetry

The differential scanning calorimetry was utilized to study
the function of temperature with its physical state of PVDF/
PETCH/1% GNS and PVDF/PETCH/5% GNS composites
at the heating rate of 10°C min~' under a N, atmosphere.
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Figure 3. XRD spectra of neat (a) GNS, (b) PETCH and (c—e) PVDF/PETCH/GNS (1, 3, 5%) nanocomposites.
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Figure 4. Thermogravimetric analysis spectrum of PVDF/
PETCH/GNS (1, 3, 5%) films.

TG-DSC curve of PVDF/PETCH/1% GNS is shown in
figure S5a. There are two obvious peaks appearing from

room temperature to 700°C. The exothermic peak appears
at 130°C, and the weight loss (decomposition) of
PVDF/PETCH/1% GNS started at the same temperature.
Moreover, the endothermic peak was observed at around
470°C, at the end of the experiment, the remaining mass is
about 12%. Figure 5b shows the TG-DSC curves of
PVDF/PETCH/5% GNS composites, two endothermic
peaks were observed at around 180 and 500°C. The
observed endothermic peak at 500°C is caused by the
melting of PVDF/PETCH/5% GNS composites, and the
exothermic peak observed for PVDF/PETCH/5% GNS
composites at 520°C may be due to the decomposition of
polymer segments.

3.6 SEM analysis

The surface smoothness and structure of the polymers and
nanocomposite are examined with SEM and shown in
figure 6. The image figure 6a dictates the smooth surface
morphology of PVDF and the sheet-like structure of GNSs
is clearly observed in figure 6b. Figure 6¢c—f depicts the
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Figure 6. SEM images of (a) neat PVDF, (b) graphene nanosheets, (¢) PVDF/PETCH/1% GNS
nanocomposites, (d) PVDF/PETCH/3% GNS nanocomposites, (¢) PVDF/PETCH/5% GNS nanocom-
posites and (f) PVDF/PETCH/5% GNS nanocomposites in pm.

morphology of PVDF/PETCH/GNS (1, 3, 5%) nanocom-
posites. It is observed from the SEM images that the sheet
layers of graphene are wrapped by the polymer matrix and
the morphology of PVDF/PETCH/GNS (1, 3, 5%) in the
GNS indicates homogeneous blending of PVDF and
PETCH without any phase separation in accordance with
XRD results. The PETCH/GNS fractured surfaces present
are smooth but irregular in appearance indicating good
compatibility between the PVDF matrix and PETCH
[54, 55]. The elemental analysis of the PVDF/PETCH/GNS
composite was examined by EDX. Neat PETCH polymer
result reported the presence of C, O, S and Cl with an
atomic weight percentage of 51.05, 5.46, 30.19 and 13.30%

respectively. PVDF/PETCH/GNS (1, 3, 5%) polymer
nanocomposites result reported the presence of C, F, O, Cl
and S with an atomic weight percentage of 50.18, 44.32,
3.11, 1.20 and 1.19%, respectively. The EDX analysis
clearly showed the synthesis of PETCH polymer and GNS
formation on the surface of the PVDF matrix.

3.7 Dielectric properties

Polymer composites with appreciable dielectric constant
and low dielectric loss are in demand in industrial appli-
cations due to their intrinsic properties, which include good
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processing ability, high compression strength, relatively low
equivalent series resistance and relatively low density, etc.
[56-60].

The dielectric characteristics of the prepared PETCH/
PVDF/GNS nanocomposites are evaluated and presented in
figure 7.

3.7a Dielectric constant: The dielectric constant of the
synthesized PVDF/PETCH/GNS (1, 3, 5%) nanocomposites is
shown in figure 7a. It exhibits that the change in the dielectric
constant with the applied frequency [61-64] and it is found
that the dielectric constant decreases with respect to increase in
frequency; however, it is increasing with respect to the addi-
tion of conductive nanostructures. The value of dielectric
constant (k) of varying weight percentages of GNS-dispersed
PETCH/PVDF composites are evaluated. The values of
dielectric constant obtained at the frequency range 10 kHz to
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PETCH with GNS reinforced in PVDF nanocomposites.
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1 MHz and the composite PVDF/PETCH/1% GNS showed a
value of 1.9 at 1 MHz. This value is found to increase on
increasing the concentration of the GNS nanofiller, for
instance, when the concentration of GNS is increased to 3%,
the value was raised to 3 at 1 MHz. This is due to the for-
mation of a compatible homogeneously blended PETCH/
PVDF matrix and the conductive network formation by the
addition of GNS, with coherence at the interface.

As the loading of GNS is increased to 5%, there is further
enhancement in the dielectric constant value to about 3.9 at
1 MHz, respectively. The value of the dielectric constant
observed for neat PVDF matrix [65] is 0.9 at 1 MHz. The
GNS-dispersed polymer composites showed higher dielec-
tric constant than neat PVDF, which may be due to the
uniform distribution and network of GNS filler within the
PETCH/PVDF polymer, in addition to anticipated interfa-
cial polarization mechanisms.

60
(b) —=— Neat PVDF
—e— PVDF/PETCH/1 % GNS
—A—PVDF/PETCHI3 % GNS
0 —v— PVDF/PETCHI5 % GNS
o V-y—y—y——"
[72]
°
2 AA-A A A A A
2
3 20
2 9-0—8——0 o — 00— —————¢
(a]
0 -E-2—8 ] ] ]
1 1] 1 1 1 o
0.0 40x10°  8.0x10° 1.2x10°  1.6x10°  2.0x10°
Frequency (Hz)
1.2x10" (d) ®- Neat PVDF
®  PVDF/PETCH/1% GNS
1.0x10" A PVDF/PETCH/3% GNS
v PVDF/PETCH/5% GNS
_§ 8.0x10° Yv Vv v v v v
e
S 6.0x10°
- AA A A A A Al
v
S 4.0x10°
H oo o o ° . °
£ 2.0x10°
0.0 [ B B ] ] [ ] ] |
2.0x10°

T L T - T * T L T ¢ T

0.0 30x10° 6.0x10° 9.0x10° 1.2x10° 1.5x10° 1.8x10°
Frequency (Hz)

(a) Dielectric constant, (b) dielectric loss, (¢) conductivity, (d) impedance with respect to frequency for 1, 3 and 5%
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Table 1. Dielectric constant, dielectric loss and variation of conductivity with respect to frequency for PVDF/PETCH/GNS (1, 3, 5%)
nanocomposites.
Dielectric constant Dielectric loss Conductivities Impedance

Samples at 1 MHz at 1 MHz at 1 MHz (S cm_l) (V4 Ohm_l) References
Neat PVDF 0.9 12 0.1 x 107° 1.6 x 107 [24,65,67]
PVDF/PETCH/1% GNS 1.9 23 22 x 107° 45 x 10 [66, 67]
PVDF/PETCH/3% GNS 3 35 49 x 107° 7.9 x 107 [66, 67]
PVDF/PETCH/5% GNS 3.9 48 58 x 107° 9.2 x 107 Z/Ohm [66, 67

Table 2. Comparision of PVDF/PETCH/GNS (1, 3, 5%) nanocomposites: dielectric constant, dielectric loss and variation of con-

ductivity with respect the frequency to others.

Dielectric constant Dielectric loss Conductivity Impedance

Samples (MHz) (MHz) (S cem™) (Z Ohm™)  References
3% Ag-MnO,-PVDF 3.5 x 107 32 1.1 33 x 10° [66]
3% Au-MnO,-PVDF 1.0 x 107° 0.025 3.0 x 10 —

5%PPy @Sep/PVDF 35.0 0.3 — — [67]
13% HNTs-PEDOT/PVDF 790.94 1.3 12.89 — [68]
PVA/PEDOT:PSS/Ag NWs — — 3.82 — [69]
PEDOT-PSS-CD25 — — 1.03 x 107 3.10 x 10 [70]
PVDF/PETCH/5% GNS 3.9 48 5.8 x 107 9.2 x 107 This work

3.7b Dielectric loss: The variation of dielectric loss value
of the PVDF/PETCH/GNS (1, 3, 5%) nanocomposites with
respect to change in frequency is studied and the results are
publicized in the figure 7b. The dielectric loss for neat
PVDF matrix is 12 at 1 MHz. The PVDF/PETCH/1% GNS
dielectric loss value is 23 at 1 MHz. For the increase in the
concentration of GNS to 3 and 5% into the PETCH and
PVDF polymer, the value is found to be 35 and 48 at
1 MHz. The interfacial polarization is the only rationale
behind the increases in the dielectric loss value. The inter-
facial polarization, conduction loss and migration of
molecular dipoles are considered to be the three most
important factors for the increases in dielectric loss values
[66].

3.7c Conductivity: Figure 7c shows the conductivities of
PVDF/PETCH/GNS (1, 3, 5%) nanocomposites. The con-
ductivity value for neat PVDF is 0.1 x 10° S cm™ at 1
MHz. The PVDF/PETCH/1% GNS is 2.2 x 10°S cm™ at
1 MHz. The conductivity values slightly increase for PVDF/
PETCH/3% GNS 4.9 x 10° S cm™' at 1 MHz. The reason
is ascribed to the movement of electrons transition between
the PETCH and GNS layers and also increases the con-
ductivity of PVDF/PETCH/GNS (1%, 3%, 5%) nanocom-
posites. The conductivity values show much more
enhancement for the incorporation of 5% GNS in polymer
the value established to be 5.8 x 10° S cm™ at 1 MHz.
The increased values of conductivity of PETCH, GNS in
PVDF nanocomposites is due to the homogenous dispersion
of composites. The establishment of the charge transfer

complex between the GNS and the polymer by further
loading increases the conductivity, which is attained by the
skipping of electrons crossways the interfaces and
the chains in the polymer composites. This in turn enhances
the electrical conductivity.

3.7d Impedance: Figure 7d shows the impedance spec-
trum of PETCH and GNS reinforced PVDF nanocompos-
ites, the impedance value for neat PVDF is 1.6 x 10° 7
Ohm™'. The PVDF/PETCH/1% GNS showed 4.5 x 10° Z
Ohm™' at 1 MHz. This value is found to increase on the
concentration of the GNS nanofiller, i.e., when the con-
centration of GNS is increased to 3 and 5%, the impedance
value is found to be 7.9 x 10 Z Ohm™ at 1 MHz and
9.2 x 10 Z Ohm™" at 1 MHz. This result clearly dictates
that the creation of charge polarization at the interface
within the PVDF/PETCH/5%GNS nanocomposites samples
produces higher impedance values. The dielectric constant,
dielectric loss and variation of conductivity with respect to
frequency for PVDF/PETCH/GNS (1, 3, 5%) nanocom-
posites and comparison with other composites of dielectric
properties are shown in tables 1 and 2.

4. Conclusions

We have successfully prepared graphene and PEDOT-based
terpolymer-dispersed PVDF composites films through
compression molding process and studied their conductive
properties. FTIR spectral analysis confirmed the functional
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groups present in the composites. X-ray diffraction pattern,
SEM images and EDX analysis confirmed the presence of
GNS in PETCH/PVDF composites at various percentages.
The TGA of composites revealed that the incorporation of
conjugated polymer and GNS substantially enhanced the
thermal stability of PVDF. The incorporation of PETCH/
GNS into PVDF composites enhanced the dielectric con-
stant, dielectric loss, electrical conductivity and impedance
of PVDF matrix. This study provided a PVDF composite
material having promising thermal, morphological and
dielectric properties, and that the composite may be applied
in the high-tech fields such as gigahertz electronic systems,
satellite broadcasting, defense and encapsulation of
biomedical equipment.
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