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Abstract
The polyvinylidene fluoride (PVDF)-0.05Ba0.8Sr0.2TiO3 (BST) nanocomposite (0.05 is the fractional weight of BST) facile 
thick films of thickness ~100 μm have been synthesized by tape-casting. The synthesized films are exposed to an electric 
field of 22 kV/mm (for different time durations, 0 min, 40 min, 50 min, and 60 min) to investigate the electric field-induced 
effects on dielectric and structural properties of nanocomposite thick films. Structural studies have shown that the electric 
field increases the β phase of PVDF in PVDF-BST nanocomposites. The most prominent effect of the applied electric field 
is observed in the dielectric behavior of the nanocomposite thick films. The film exposed to the electric field for 60 min has 
the highest dielectric constant (~25) and very low tangent loss (~0.02) at 1 kHz, whereas the unexposed film of nanocom-
posite has a dielectric constant of ~15 and tangent loss (~0.03). The approximated Debye relaxation theory has been used 
to understand the correlation between dielectric and structural observations. Analysis confirms the duration of exposure to 
the electric field enhances the β-phase, which causes the increase in the density of dipoles. The enhanced dielectric perfor-
mance is attributed to the increased dipolar density due to modification in the structural and interfacial behavior as well as 
molecular motion of the dipoles in the polymeric chain.
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Introduction

Polymer-based ceramic nanocomposites and their dielec-
tric behavior have been the focus of research for the last 
decade due to their prospect of application in high-energy 
storage capacitors, embedded electronics, pulse power 
generation, etc.1–3 There are a large number of polymers 
that are utilized as a matrix for this purpose, e.g. biaxi-
ally oriented polypropylene,4 polyamide,5 polyvinylidene 
fluoride (PVDF),6,7 polyvinylidene fluoride-trifluoroethyl-
ene (PVDF-TrFE),8 polydimethylsiloxane (PDMS)9, etc. 
All these polymers have a very low dielectric constant 

(< 12).10,11 Ceramic particles with a high dielectric con-
stant are incorporated into the matrix of polymers in order 
to make polymer-based nanocomposites that consist of 
lead zirconate titanate (PZT) (ε' ~600),12 barium titan-
ate  (BaTiO3) (ε' ~1700) ,13 strontium titanate  (SrTiO3) (ε' 
~1000),14 calcium copper titanate (CCTO) (ε' ~60000),13 
titanium oxide  (TiO2) (ε' ~200),15 etc. The composites 
based on high dielectric constant ceramic materials and 
low dielectric constant flexible polymers have a moder-
ate dielectric constant and low tangent loss. PVDF shows 
unique behavior among all dielectric polymers with its 
dielectric constant ~10, tangent loss ~0.05, and break-
down field ~500 MV/m.16 Apart from this, its ease of 
processing, the existence of various crystalline phases 
(such as α, β, and γ crystalline phases), and associated 
electrical properties such as ferroelectric, piezoelectric, 
and  pyroelectric17 make it most suitable for making pol-
ymer-based ceramic nanocomposites. On the other hand, 
lead-free barium strontium titanate  (BaSrTiO3, BST) pos-
sesses very good dielectric behavior with a large dielectric 
constant over a wide temperature (−173°C to 120°C) and 
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frequency (100 Hz to 1 MHz).18,19  Therefore, the dielec-
tric, structural, and energy storage behavior of PVDF-
BST nanocomposites has been widely investigated.7,20,21 
These days, polymer-ceramic nanocomposites with a low 
volume/weight percentage of ceramic loading, higher 
dielectric constant, and low loss are required.22 Several 
methods have been adopted to achieve high dielectric 
constant and low loss polymer-ceramic nanocomposites, 
such as a change in shape, size, and functionalization of 
the incorporated filler, stretching, and poling the nano-
composites, etc.20,23–25 Dopamine-modified  Ba0.6Sr0.4TiO3 
(BST) nanofiber/PVDF nanocomposites are found to have 
much improved dielectric and energy storage behavior,18 
which is attributed to surface modification by dopamine 
and large aspect ratio of BST nanofibers. The use of a 
polyvinylpyrrolidone (PVP) linker layer as an adhesive in 
multilayered  BaTiO3 nanofiber/PVDF nanocomposites is 
found to improve the dielectric behavior and energy stor-
age properties,26  which is caused by homogeneous sur-
faces due to the presence of the multilayer PVDF. The high 
discharge energy density in PVDF-based nanocomposites 
loaded with fine  Ba0.6Sr0.4TiO3 nanofibers along with a 
high dielectric constant (~22) has been achieved,27 which 
is assigned to the regulation of diameter of 1-D nanofiber 
and improvement of interfaces between ceramic filler and 
PVDF matrix. Dielectric constant and breakdown field are 
very important parameters for the material to be used for 
high-voltage capacitor applications. The higher volume/
weight percentage loading of the ceramic particles in the 
polymer-based composites leads to a high dielectric con-
stant, but the breakdown field decreases. Dielectric prop-
erties of polymer-based nanocomposites are improved by 
different methods of processing,28,29 interfacial modifica-
tion,18,27 etc. The high value of the dielectric constant is 
usually obtained for higher loading of ceramic nanopar-
ticles as well as poling at a very high voltage for a longer 
duration.23,30–32 The processing techniques adopted for 
synthesizing nanocomposite thick films include tape cast-
ing, solution casting, and spin casting.28,33–35 The tape-
casting method produces large-area nanocomposite thick 
films of uniform thickness and ensures homogeneous dis-
persion of ceramic nanoparticles. The application of elec-
tric field is capable of rotating a randomly aligned dipole 
in the direction of the electric field,36 which may change 
the crystalline phases of PVDF in PVDF-Ba0.8Sr0.2TiO3 
nanocomposite thick films. Therefore, the motivation of 
the present work is based on the fact that the exposure 
of PVDF-Ba0.8Sr0.2TiO3 nanocomposite thick films to an 
electric field effects the structural and dielectric properties 
at very small fractional loading of  Ba0.8Sr0.2TiO3 nanopar-
ticles in the PVDF matrix.

The present paper reports the electric field-induced effect 
on the dielectric and structural behavior of tape-cast PVDF-
Ba0.8Sr0.2TiO3 nanocomposite thick films at very small load-
ing of  Ba0.8Sr0.2TiO3 nanoparticles in the PVDF matrix, 
which could be adopted as an efficient way to modify and 
tune the dielectric behavior of nanocomposites.

Material and Measurements

Ba0.8Sr0.2TiO3 (BST) nanopowder was prepared by a hydro-
thermal method.37 A detailed flowchart for the synthesis of 
BST nanopowder is shown in Fig. 1. Polyvinylidene fluo-
ride (PVDF)-BST nanocomposite film with 5 wt% loading 
of BST was prepared by tape casting using a TMAX tape-
casting unit. Initially, PVDF (procured from Alfa Aesar) was 
dissolved in N,N-dimethylformamide (DMF). The solution 
mixture of PVDF and DMF was stirred for 1.5 h at room 
temperature via mechanical stirring. Then 5 wt% of BST 
powder was added to this PVDF-DMF solution. To get 
the proper dispersion of BST nanoparticles in the PVDF 
polymer matrix, the solution containing BST nanopowder 
and PVDF in DMF was subjected to sonication. The soni-
cated solution was stirred for 5-6 h at 60°C, making the 
solution viscous. The viscous solution was poured on the 
tape-casting bed (pre-set at a temperature of 60°C), and a 
thick film (thickness ~100 μm) was made using a doctor 
blade. After 1 h, the film was peeled off and put in a vacuum 
oven at 150°C to evaporate the excess DMF. The dried nano-
composite film was then cut into small pieces, which were 
subjected to an electric field of 22 kV/mm for 40 min, 50 
min, and 60 min, respectively. The electric field was applied 
using a Danbridge 30 kV Non-Destructive Insulation Tester 
(Denmark). A schematic diagram showing the electric field 
measurements is shown in Fig. 2.

The x-ray diffraction (XRD) patterns of the PVDF-BST 
nanocomposite films were recorded by a PANalytical X'Pert 
Pro MPD diffractometer with Cu-Kα radiation (λ = 1.54 Å). 
A scanning electron microscope (JEOL JSM-6510LV) was 
used for detecting the surface morphology of PVDF-BST 
nanocomposite samples, and a transmission electron micro-
scope (TEM) (JEOL 2100 F) operating at 200 kV was used 
to observe the microstructural and morphological features 
of BST powder. An Agilent Resolution Pro Cary 660 spec-
trometer recorded Fourier transform infrared (FTIR) spectra 
of the PVDF-BST nanocomposite films. A silver contact of 
5-mm diameter was deposited on both sides of the films for 
measuring the dielectric behavior. The dielectric properties 
were measured using a Wayne Kerr 6500B precision imped-
ance analyzer in the frequency range of 100 Hz to 10 MHz 
at room temperature.
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Fig. 1   Detailed flowchart for the synthesis of BST nanopowder.

Fig. 2  Schematic diagram showing the electric field measurement setup.
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Results and Discussion

X‑ray Diffraction (XRD)

Figure 3 shows the XRD patterns of PVDF-BST nanocom-
posite films subjected to an external electric field of 22 kV/
mm for different time durations. The α and β crystalline 
phases for all films has been observed. The β phase with 
(110) plane at 20.4° and α phase with (020) plane of PVDF 
at 18.5° (JCPDS card no. 38-1638) were observed. The dif-
fraction peaks at 22.5°, 31.8°, 39.3°, 45.6°, 51.3°, 56.8°, 
and 66.4° correspond to (100), (101), (111), (200), (210), 
(211), and (220) planes of BST with a tetragonal crystal 
structure (JCPDS card no. 44-0093), lattice parameters a = 
b = 0.3977 nm, c = 0.3988 nm and average crystallite size of 
~19 nm (as discussed in Table I), which are observed for all 
the PVDF-BST nanocomposite films.20, 38 The peak position, 
crystallite size, FWHM, and d-spacing of BST nanoparticles 
calculated from the XRD pattern using an X'Pert HighScore 
Plus are shown in Table I. The average crystallite size is ~19 
nm, agreeing with the FESEM and TEM studies (discussed 
later in the text). So the peaks of  Ba0.8Sr0.2TiO3 and PVDF 
are observed in all the nanocomposite films, confirming the 
incorporation of BST nanoparticles in the PVDF polymer 
matrix.39,40 But the duration of electric field application on 
PVDF-BST nanocomposite thick films affects the intensity 
of peaks corresponding to α and β phases of PVDF. With the 
increase in the time duration of the applied electric field, the 
intensity of the peak corresponding to the α phase at 18.5° 
decreases, whereas for the β phase at 20.4°, the intensity 
increases. The peak of the β phase for the nanocomposite 
films with exposure to the electric field for 50 min and 60 

min is more intense than the peak for the film with a lower 
duration of exposure to the electric field. The XRD studies 
confirm that the electric field induces the enhancement of 
the β phase in PVDF-BST nanocomposite thick films. Since 
x-ray diffraction only shows the probable evolution of the β 
phase induced by the electric field, Fourier transform infra-
red spectroscopy studies will further confirm these findings.

Fourier Transform Infrared Spectroscopy (FTIR)

Figure 4 shows the FTIR absorption spectra of PVDF-BST 
nanocomposite films in the range 1500-400  cm−1. The forma-
tion of the β phase of PVDF is observed at wavenumbers of 
429  cm−1, 508  cm−1, 835  cm−1, 874  cm−1, 1166  cm−1, 1230 
 cm−1, 1278  cm−1, and 1401  cm−1.41 The characteristic peaks 
of the α and β phases of PVDF are summarized in Table II. 
The absorption band at 606  cm−1 corresponding to the α phase 
is due to the rocking vibration of  CF2 group, whereas the band 

Fig. 3  X-ray diffraction patterns of PVDF-Ba0.8Sr0.2TiO3 nanocom-
posites exposed to the electric field for different time durations.

Table I  Peak position, crystallite size, d-spacing and FWHM of BST 
nanoparticles calculated from XRD pattern

S. No. Peak pos. [° 2θ] FWHM [° 2θ] d-spacing [Å] Crystal-
lite size 
[nm]

1 22.5 0.247 3.984 ~34
2 31.8 0.370 2.811 ~23
3 39.3 0.442 2.290 ~19
4 45.6 0.542 1.987 ~16
5 56.8 0.680 1.619 ~13
6 66.4 0.827 1.406 ~11

Fig. 4  Fourier transform infrared absorption spectra of PVDF- 
 Ba0.8Sr0.2TiO3 nanocomposites exposed to the electric field for differ-
ent time durations.
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at 763  cm−1 is due to a mixture of  CF2 bending and GGG 
skeletal vibrations.42 The peaks of the α phase corresponding 
to absorption bands present at 763, 810, and 1112  cm−1 are 
absent in 50 min and 60 min samples, whereas the intensity 
of absorption bands corresponding to the β phase at 874 and 
1166  cm−1 increases. These studies confirm the formation of 
the β crystalline phase due to exposure to the electric field. 
The FTIR results were used to find the relative fraction of the 
β phase using absorption peaks of α and β phases, which is 
validated using the Beer-Lambert law. Accordingly, the rela-
tive fraction of the β phase is given  by43,44:

where  Xα and  Xβ in Eq. 1 represents the mass fraction of 
α and β phases,  Aα and  Aβ represent the absorbance at 
835  cm−1 and 763  cm−1, respectively and the absorption 
coefficients are expressed by  Kα (6.1x104  cm2  mol−1) and 
 Kβ (7.7x104  cm2  mol−1) at that particular wavenumber, 
respectively.43

According to Eq. 1, it can be seen that the F(β) values of 
the 0 min, 40 min, 50 min, and 60 min samples are 33.32%, 
47.50%, 50.19%, and 54.49%, respectively. The observed 
results are further corroboration of the evolution of the  β 
phase in PVDF of PVDF-BST nanocomposites due to the 
increase of time duration of exposure to the electric field. The 
variation in the content of the β phase fraction with time dura-
tion to the electric field exposure for PVDF-BST nanocom-
posites is shown in Fig. 8.

Field Emission Scanning Electron Microscopy 
(FESEM) and Transmission Electron Microscopy 
(TEM) Analysis

Figure 5a shows the FESEM of the  Ba0.8Sr0.2TiO3 (BST) 
powder, which shows the agglomerates of the nanoparticles. 

(1)F(�) =
Xβ

Xα + Xβ

=
Aβ

(

K�∕K�

)

Aα + Aβ

=
Aβ

1.3Aα + Aβ

The inset of Fig. 5a shows the transmission electron micros-
copy (TEM) image of BST, which confirms the formation 
of nanoparticles in the range of 15-20 nm. The particle size 
distribution curve is shown in Fig. 5b. Figure 5c shows the 
fringe pattern of BST, which confirms the formation of BST 
with the separation between lattice planes of 0.18 nm cor-
responding to the [101] plane. The selected area electron 
diffraction (SAED) pattern of the synthesized BST powder 
clearly shows [100] and [101] planes in Fig. 5d,38 which 
matches with the XRD of BST powders. Figure 5e shows 
the surface scanning electron micrograph (SEM) reveal-
ing the homogeneous distribution of BST nanoparticles 
in the PVDF polymer matrix. This uniform distribution of 
ceramic particles in the polymer matrix ensures a good qual-
ity PVDF-BST nanocomposite thick film with a uniform 
dielectric constant.

Dielectric Studies

The electric field-induced effect on the dielectric proper-
ties of PVDF-BST nanocomposites is very important in 
its application for various purposes. The BST nanoparti-
cle will experience a much lower field as compared to the 
polymer PVDF by virtue of its high dielectric constant.45,46 
The XRD and IR studies have already confirmed the electric 
field-induced evolution of the β phase in PVDF-BST nano-
composites. The variation of dielectric constant (ε') with fre-
quency for the PVDF-BST nanocomposite films exposed to 
the electric field of 22 kV/mm for different time durations is 
shown in Fig. 6a. The dielectric constant is found to increase 
with the increase in the duration of the applied electric field. 
But the frequency from where the dielectric constant starts 
decreasing shifts towards lower values with an increase in 
the time duration of the applied electric field. A decrease in 
frequency is associated with the increase of dipolar relaxa-
tion time, which might be due to the decrease of mobility of 
the dipoles/charge carriers in the polymeric chain or poly-
meric chain as a whole. Although the value of dielectric 
constant for the PVDF-BST nanocomposite exposed to the 
electric field of 22 kV/mm for 60 min is highest, i.e., ~25 at 
1 kHz, the trend of variation is found to be different.

All PVDF-BST nanocomposites show nearly constant ε' 
in the frequency range 100 Hz-100 kHz. The high values 
of ε' in this frequency range can be ascribed to interfa-
cial polarization present due to the difference in dielectric 
constant values of the filler (i.e., BST) and the polymer 
matrix (i.e., PVDF).47 The decrease in ε' with increasing 
frequency (>100 kHz) is due to lag in the frequency of 
the applied field and the dipolar orientation in PVDF-BST 
nanocomposites.48  The PVDF-BST nanocomposite con-
sisting of 5% (w/w) loading of BST nanoparticles exhibits 
the highest dielectric constant (~25) and very low tangent 

Table II  FTIR characteristic diffraction peaks of α and β phase of 
PVDF

Crystalline phases α β

Wavenumber  (cm−1) 478 429
606 508
763 835
810 874
1068 1166
1112 1230

1278
1401
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loss (0.02). A comparative table of observed dielectric 
constant and tangent loss is shown in Table  III. The 
observed high value of dielectric constant with an increase 
of exposure time of applied electric field is ascribed to:

 i. The evolution of the β phase of PVDF in PVDF-BST 
nanocomposites and decrease of mobility of the poly-
meric chain.

 ii. Enhancement of the β phase leads to an increase in the 
dipolar density.

Fig. 5    (a) Field emission scanning electron micrograph (FESEM) 
of  Ba0.8Sr0.2TiO3 powder (inset: Transmission electron micros-
copy image confirming the particle size), (b) Particle size distri-
bution curve for  Ba0.8Sr0.2TiO3 particles, (c) Lattice fringe pat-

tern of  Ba0.8Sr0.2TiO3, (d) Selected area electron diffraction pattern 
of  Ba0.8Sr0.2TiO3 powder, and (e) SEM micrograph of PVDF-
Ba0.8Sr0.2TiO3 nanocomposite.
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 iii. The application of the electric field promotes the 
accumulation of space charges in the polymer near 
the interface, which increases the internal field in the 
ceramics phase and removes the discontinuity of the 
electric displacement at the interface, leading to an 
increase in the dielectric constant.

Significant enhancement in the dielectric properties is 
resulting from the interfaces between the BST/PVDF and 

 CH2–CF2 in PVDF. These interfaces might form the par-
allel capacitance network, which enhances the dielectric 
constant.49 The tangent loss, imaginary component of the 
dielectric constant, and Cole-Cole analysis have also been 
carried out in order to get more insight into the physical 
phenomena taking place due to the application of the elec-
tric field. The tangent loss (Fig. 6c) decreases in the range 
of 100 Hz–10 kHz due to molecular motions in the crystal-
line regions of PVDF (α relaxation) ,50 whereas increased 
tangent loss for the frequencies greater than 100 kHz could 

Fig. 6   Frequency-dependent (a) real, (b) imaginary dielectric constant and (c) tangent loss for PVDF-Ba0.8Sr0.2TiO3 nanocomposite films.

Table III  Comparative data 
for dielectric constant and 
tangent loss of PVDF-BST 
nanocomposites

Year Material Dielectric (1 kHz) Loss (1 kHz) References

1. 2012 PVDF-BST ~12.5 (at 4.4% loading) ~0.04 18
2. 2015 PVDF-ST ~12.5 (at 5% loading) ~0.04 53
3. 2016 PVDF-BST ~16 (at 5% loading) ~0.04 19
4. 2017 PVDF-BT ~13 (at 5% loading) ~0.05 29
5. 2018 PVDF-BST ~ 21 (at 5% loading) ~0.04 20
6. 2020 PVDF-BT ~13 (at 5% loading) ~0.05 54
7. Present work PVDF-BST ~25 (at 5% loading) ~0.02 Present work
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be caused by β-relaxation effects in the copolymer, which 
arise from the micro-Brownian motion of non-crystalline 
chain segments.45,46,48,51 The values of dielectric constant 
and tangent loss at 1 kHz are summarized in Table IV.

The variation of the imaginary part of dielectric con-
stant (ε") with frequency is shown in Fig. 6b, indicating 
almost similar behavior as that of tangent loss. Initially, the 
decrease of ε" up to a frequency of 10 kHz is observed, 
which is caused by molecular motion in the crystalline 
region of PVDF.50 But for frequencies greater than 10 kHz, 
ε" increases, and it attains a peak at different frequencies 
for the PVDF-BST nanocomposite films exposed to the 
electric field for different time durations. This peak shifts 
towards the lower frequency with an increase in the time 
duration of electric field exposure, showing a complete 
correlation with frequency from where dielectric constant 
starts decreasing. The peak in ε" might be originating from 

the micro-Brownian motion of the amorphous chain seg-
ment,47,48 which controls the charge carrier transport. The 
relaxation of dipoles becomes slower with the increased 
exposure time of the applied electric field; that's why the 
peak at the higher frequency is shifting towards a lower 
frequency.

Cole-Cole analysis has been widely used for understand-
ing dielectric relaxation by showing the plot between the 
real and imaginary parts of dielectric constant. According to 
Debye relaxation theory (Eq. 2), the real part and imaginary 
part of dielectric constant are related as:

where �∞ , �
0
 are dielectric constant at infinite frequency and 

static dielectric constant, respectively. The difference of   �
0
  

and  �∞ , i.e., Δε measures the dielectric strength. Figure 7 
shows the Cole-Cole plot of PVDF-BST nanocomposites 
exposed to the electric field for different durations. The 
absence of complete semicircles indicates that Debye relaxa-
tion is not exactly taking place in PVDF-BST nanocompos-
ites. Therefore, approximated Debye relaxation is used to 
understand the relaxation process in PVDF-BST nanocom-
posites. The respective values of the central frequency of 

(2)
(

�� − �∞
)2

+
(

���
)2

=
(

�
0
− �∞

)2

Table IV  Dielectric constant and tangent loss at 1 kHz for PVDF-BST 
nanocomposites

Sample 0 min 40 min 50 min 60 min

ε' (1 kHz) ~15 ~17 ~21 ~25
Tanδ (1 kHz) ~0.04 ~0.03 ~0.02 ~0.02

Fig. 7   Cole-Cole plots for PVDF-  Ba0.8Sr0.2TiO3 nanocomposites exposed to the electric field for different time durations.
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approximated semicircles are found to be 3.9 MHz, 3.5 
MHz, 3.3 MHz, and 1.4 MHz for PVDF-BST nanocompos-
ites exposed to the electric field for 0 min, 40 min, 50 min, 
and 60 min, respectively. These observed values are similar 
to the observed peak in the variation of the imaginary part 
of dielectric constant (Fig. 6c). The relaxation time (i.e., 
� =

1

2πf
max

 ) is found to increase with the increase of time 
duration of exposure of the electric field, which might arise 
due to an increase in the motion of the charge carrier at the 
amorphous crystalline interface of PVDF in PVDF-BST 
nanocomposites. The dielectric strength Δε (ε0–ε∞) esti-
mated from Cole-Cole plots for different time durations of 
the applied electric field are given in Table V. The number 
density of dipoles (N) contributing to the dipolar relaxation 
process can be estimated using the following equation:

(3)Δ� =
N�2sin2

�

2

3�
0
kT

where, Δε, N, μ, α, k, εo and T are dielectric strength, 
the number density of dipoles, dipole moment, the angle 
between dipole moments in two possible directions, Boltz-
mann's constant, absolute dielectric constant and the abso-
lute temperature, respectively. Modifying this equation for 
PVDF-BST nanocomposites, Eq. 3 becomes:

where μ1 and μ2 represent the dipole moment of promi-
nent dipoles present in the ceramic and polymeric phases 
of PVDF-BST nanocomposites. For the polar –CF2– 
groups in PVDF, μ1=1.66 Debye and α1=105.3°, while 
for polar tetragonal phase for BST, μ2 = 2.30 Debye and 
α2=180°.52 The obtained number density of dipoles (N) for 
all the samples is listed in Table V. The number density 
of dipoles for the pristine sample was 1.34 x  1028  cm−3, 
which increased up to 2.83 x  1028  cm−3 for the nanocom-
posite exposed to the electric field for 60 min. The vari-
ation of dipolar density along with β phase of PVDF for 
the PVDF-BST nanocomposites exposed to the electric 
field for different time duration are shown in Fig. 8. The 
density of dipoles in PVDF-BST nanocomposites thick 
films exposed to the electric field for 60 min have become 
more than double as compared to pristine film, which is 
attributed to the evolution of β phase of PVDF in PVDF-
BST nanocomposite.

Conclusion

The flexible polyvinylidene fluoride (PVDF)-Ba0.8Sr0.2TiO3 
(BST) nanocomposite thick films of thickness ~100 μm 
have been synthesized by tape casting. A detailed study 
of the electric field-induced effect on dielectric and struc-
tural properties of PVDF-BST nanocomposite thick films 
has been carried out. The XRD and IR studies reveal the 
evolution of the β phase of PVDF for the PVDF-BST nano-
composites. The dielectric constant at 1 kHz for the films 
exposed to the electric field for 60 min is increased up to 
~25 as compared to ~15 for unexposed films, whereas the 
tangent loss does not exhibit significant change. The sig-
nificant enhancement in the dielectric constant is attributed 
to the evolution of the β phase in PVDF and enhancement 
in dipolar density due to modification in the structural and 
interfacial behavior as well as molecular motion of the 
dipoles in the polymeric chain. Electric field-induced mod-
ification of dielectric properties (i.e. high dielectric con-
stant and low tangent loss) could be adopted as an effec-
tive strategy for the development of flexible nanocomposite 

(4)Δ� =
N

3�
0
kT

(

�2

1
sin2

�
1

2
+ �2

2
sin2

�
2

2

)

Table V  Dielectric strength, β fraction, the number density of dipoles, 
and relaxation time for PVDF-BST nanocomposites

Sample Dielectric 
strength 
(Δε)

β fraction (%) Number density 
of dipoles (N, in 
 cm−3)

Relaxation 
time (τ, 
in s)

0 min 9.5 33.32 1.34 x  1028 4.08 x  10−8

40 min 11 47.5 1.56 x  1028 4.54 x  10−8

50 min 15 50.19 2.12 x  1028 4.82 x  10−8

60 min 20 54.49 2.83 x  1028 1.13 x  10−7

Fig. 8    Variation of β fraction and number density of dipoles for 
PVDF-Ba0.8Sr0.2TiO3 nanocomposites exposed to the electric field for 
different time durations.
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films with very low loading of ceramic filler for different 
electronic applications.
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