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ABSTRACT

Nano dispersed (PZT and ZnO) PVDF composite films have been developed via spin coating
techniques from the mixed solvent system [mass ratio of 5:5 (THF/DMF)]. The chemical,
structural, physical, morphological and dielectric properties were studied by using Fourier
transform infrared spectroscopy (FTIR), X-Ray diffraction (XRD), Scanning electron
microscopy (SEM) and LCR meter (50Hz to 1 MHz). X-ray diffraction and IR analysis
confirmed the formation of pure well crystalline f-phase. SEM studies inferring about the
homogenous dispersion of the nano particles in PVDF matrix. Dielectric behaviour of these
composite films has been studied to understand the molecular motion at different frequencies.
We found the increase in the relative permittivity at the lower concentrations of PZT (.001 wt
%) particles, however, in ZnO dispersed composite films permittivity displayed higher
magnitude at higher concentration (.007 wt %). The conductivity of such systems has also
been estimated. Such composite matrices can be utilized in varying application to fabricate

the low and high dielectric constant and memory devices.
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CHAPTER 1
INTRODUCTION

Polymers play an essential and ubiquitous role in everyday life due to their advantages over
conventional materials (e.g. metals) such as lightness, resistance to corrosion, low-cost
production, and ease of processing. Further improvement of their performance is still being
intensely investigated. Altering and enhancement of the polymers properties occur, for
example, through doping with various fillers such as metals, semiconductors, organic and
inorganic particles and fibres, as well as carbon structures and ceramics[1-4]; thereby
enabling polymers to be used as a structural unit . Fillers are used in polymers for a variety of
reasons: improved processing, density control, optical effects, thermal conductivity, and
control of thermal expansion, electrical properties, magnetic properties, flame resistance, and
improved mechanical properties, such as hardness, elasticity, and tear resistance. Polymer
composites can be used in many different forms in various areas ranging from structural units
in the construction industry to the composites of the aerospace applications.

In the field of polymer science, piezoelectric and ferroelectric polymers play a very important
role, as these polymers have applications in the field of microwave modulation, nonlinear
optical properties, infrared to visible converter, electromagnetic wave, gas, temperature and
pressure sensor [5].

Piezoelectric materials have the ability to transfer energy between the electric and mechanical
domains. A lot of attention has been paid to Poly (vinylidene fluoride) PVDF due to its
excellent piezoelectric and pyroelectric based properties. Poly (vinylidene fluoride) (PVDF)
exhibits higher piezoelectricity than other polymer materials such as nylon and polyvinyl

chloride.

Because of its flexibility and easiness to fabricate thin film over an extensive area, PVDF
polymer has potential applications in audio and ultrasonic transducers, biomedical sensors,
electro mechanical transducers, pyroelectric and optical devices, whilst it has already been
applied in the field of hydrophone, medical ultrasonic transducers and robot probe units [6,
7]. The PVDF has been shown to exhibit relatively large elastic modulus. The crystalline B, v,
a and y phases of PVDF, which carry a permanent polarization, are ferroelectric. This is the
basis of a number of technical applications of this material. Polymer nanocomposites are

materials in which nanoscopic inorganic particles, typically 10-100 A in at least one



dimension, are dispersed in an organic polymer matrix. The use of nanoparticles as filler in
polymers provides advantages over polymers because they provide improvement in electrical,
surface and mechanical properties [8]. These improvements in dielectric properties observed
for nano-filled polymer could be due to several reasons. Thus, changes in structural
morphology due to incorporation of nanoparticle can influence the dielectric behaviour of
nanocomposites [9-10]. Polymer nanocomposites represent a new alternative to
conventionally filled polymers. Nanocomposites, so far, have found use in sporting goods, for
example athletic shoes and automobile parts like tires, but there is future promise for use in
different applications including aerospace. Polyvinylidene fluoride is a semicrystalline
polymer that exhibits good mechanical and electrical properties and has excellent polarization
stability. So in this study a little attention has been paid to study the nanometric structure of
poly (vinylidene fluoride) (PVDF)-zinc oxide (ZnO) nanocomposites and PVDF-Lead
zirconate titanate (PZT) nanocomposites.

A dielectric material has an arrangement of electric charge carriers that can be displaced by
an electric field. The charges become polarized to compensate for the electric field such that
the positive and negative charges move in opposite directions. At the microscopic level,
several dielectric mechanisms can contribute to dielectric behaviour. Dipole orientation and
ionic conduction interact strongly at microwave frequencies. In general, the dielectric
permittivity and the loss factor were found to be higher for nanocomposites than for micro
composites at low frequencies. The higher dielectric loss for the nanocomposites was
attributed to the enhanced ionic conductivity caused by the contaminants introduced during
preparation. Theoretical models have also suggested regarding the influence of interface on
nanodielectrics. Tanaka et al. have proposed a multi-core model to understand the dielectric

properties of polymer nanocomposites [11].

1.1 Poly (vinylidene fluoride) (PVDF)
1.1.1 Properties and crystal structure of PVDF

Poly (vinylidene fluoride) or PVDF (CH,-CF;) is a highly non-reactive and pure
thermoplastic fluoropolymer. It is also known as KYNAR, HYLAR or SYGEF. Compared
to other fluoropolymers, it has an easier melt process because of its relatively low melting
point of around 177°C. It has a low density (1.78) and low cost compared to the other
fluoropolymers. It is available as piping products, sheet, tubing, films, plate and an insulator

for premium wire. It can be injected, molded or welded and is commonly used in the



chemical, semiconductor, medical and defence industries, as well as in lithium ion batteries.
It is also known as poly (1, 1-difluoroethlene) with a repeat unit (CH,-CF,) as shown in fig
(1.1). Poly (vinylidene Fluoride (PVDF) was polymerized for the first time in the 1940s. In
1969, Kawai found that PVVDF exhibited an unusually large piezoelectric effect after poling
[12], the process in which a high electric field will be applied. In early 1970s, it was
discovered that PVDF is a ferroelectric material. PVDF and its copolymers have been widely
studied because of their interesting piezoelectric, pyroelectric, and dielectric properties. In
dielectric studies [13-14], PVDF has a very high dielectric permittivity among polymer
materials and high dc dielectric strength, which make PVDF a very promising dielectric
material for use in energy storage capacitors. Polyvinylidene Fluoride has a simple chemical

structure (shown in fig.1.1) [15]. Table 1.1 shows the some important properties of PVDF.
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Fig.1.1 Chemical structure of PVDF

Table 1.1 Properties of PVDF [16]

Property PVDF
Density (10° kg m ™9} 1.78
Acoustic velacity (km s™%) 2.26
Acoustic impedance (MRayl} 20
Elastic constant, G (10° N m ™9 8.10
Coupling facter, k, 0.20
Piezoelectric constants
e (CM™Y —-0,16
P (10° V™" —2.90
a3 (VM N) -0.32
das (PC N7 25.00
Dielectric constant, s./2, 6.20
Mechanical Q factor 6-10
Mechanical loss tangent, tan &, 010
Dielectric loss tangent, tan d, 0.25
Pyroelectric constant (pC m~* K) 35.00
Coercive field, £, (MY m™") 45.00
Thermal stability {°C) 90.00
Transmitting efficiency, Yy 6.9
Receiving efficiency, Yg 1.85
Y{=Y;Yg) 9.30




1.1.2 Phase formation

PVDF is a semi crystalline polymer with a crystalline fraction of about 50 to 60% depending
on the amount of chain ordering defects. Crystallinity in polymers means that the chains are
packed together more efficiently and tightly which increases the density of the polymer, as
well as leads to an increase in the mechanical properties of the polymers. PVDF exists in
several forms: o (TGTG"), B (TTTT), y (TTTGTTTG') and 6- phases, depending on the chain

conformations as trans (T) or gauche (G) linkages, among which the B phase has gained
substantial importance due to its advantageous pyro- and piezoelectric properties.

The first one is the B-phase(fig.(1.21)) forms from a-phase, and is the most stable phase by
different methods are shown in figure (1.3). Mechanical stretching to about 300% of its
original length at a temperature around 100°C, then by poling at high electric field which is
the most known method, followed, or annealing at high temperature or very high pressure, or
by drawing at low temperature, and ultra-drawing at high temperature. The B-phase forms
from d-phase by poling at high electric field. There are some possibilities to have B-phase
from y-phase by drawing and annealing at very high temperature.

The second one is a-phase which is the most stable phase at room temperature (fig.(1.211));
therefore PVDF films crystallize into this phase from the melt at all temperatures as seen in
figure (1.3).[17-18]

=GO oI

—4O——4—OI—H —

Figure 1.2: Atomic structure of PVDF (1) is the B-phase PVDF; (II) is the a-phase PVDF ;( IIp) is of 6-phase
PVDF, and (III) is the y-phase



The third phase is called polar &-phase as shown in figure (1.211p), which can be transformed
from o-phase by applying an electric field greater than, or equal to 130 MV/m. Thus
producing an inversion of the dipole moments in alternated chains. It has an orthorhombic
lattice. The unit cell dimensions and the configuration are the same as the a-phase.

The fourth phase is called y-phase shown in figure (1.2111) has a trans-trans-trans-gauche
(TTTG) conformation; the molecular chains are packed in a parallel non-Centro symmetric,
polar crystal. Figure (1.3) shows that the y-phase is obtained by annealing a-phase at high
temperature, or annealing at high pressure [19]. Annealing 6-phase at high temperature also
forms y-phase.

Because of the strong electro negativity of fluorine atoms compared to those of hydrogen and

carbon, each PVDF chain possesses a dipole moment perpendicular to the polymer chain.
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Figure 1.3: Production and conversion of the crystal forms of PVDF



1.1.3 Spherulitic Morphology in PVDF

The most interesting of the semicrystalline polymers are PVDF, polyvinyl fluoride (PVF) and
related copolymers. These polymers crystallize much like polyethylene because the fluorines,
unlike larger chlorines, are close enough in size to hydrogen so as not to interference with
regular packing.

PVDF crystallizes from the melt into spherulitic structures. Spherulites are composed of
highly ordered lamellae, which result in higher density, hardness. These lamellae are
typically 10-20 nm thick, depending on crystallization conditions [20]. A schematic diagram

of a spherulite within an unoriented semicrystalline polymer is shown in fig. (1.4).

CRYSTALLINE
LAMELLA

NON—CRYSTALLINE
COMPONENT

Figure 1.4: Schematic representation of the structure of polymer spherulitic

Figure (1.4) illustrates the essential features of spherulitic morphology in semicrystalline
polymers such as PVF and PVDF. Molecular chain axes are approximately normal to the
surface of lamellar platelets which grow radially from the centre of the structure.

Annealing or crystallizing for longer times, at higher temperatures and pressures increases the

lamellar thickness and perfection which results in a higher sample density. The crystals grow



in the form of spherulites and studies of the morphology of PVDF show that three crystal
phases have distinct morphology and can grow simultaneously from the melt or one phase
can grow at the expense of another. The polymers currently of greatest interest for
piezoelectric applications, PVF and PVDF, are of the order of 50-70% crystalline. The
amorphous phase is probably mostly confined to layers between the crystal lamellae. The
amorphous phase seems to have normal super cooled liquid properties with a liquid-glass

transition region around - 50 °C.

1.1.4 Basics of piezoelectricity, pyroelectricity & ferroelectricity in PVDF

Both piezoelectricity and pyroelectricity were observed over 30 years ago in PVDF.
Piezoelectric transducers made by solvent casting were soon commercially available, though

it took a decade to establish that ferroelectricity was the origin of these effects in PVDF.
e Piezoelectricity in PVDF

The phenomenon of piezoelectricity was first discovered just over a century ago by the Curie
brothers, Pierre and Jaques. Piezoelectricity is the ability of a material to convert mechanical
stimulus to electrical response, and vice versa. A mechanical stress applied to a piezoelectric
will produce an electric potential across its boundaries. Likewise an electric potential created
across a piezoelectric’s boundaries will result in a mechanical deformation of the material
[21]. Many other materials exhibit the piezoelectric effect, including quartz analogue crystals
like berlinite (AIPO,) and gallium orthophosphate (GaPQ,), ceramics with perovskite or
tungsten-bronze structures (BaTiOs, SrTiOs, PbZrTiOs, KNbOs3, LiNbO3, LiTaO3, BiFeOs,
NaxWO03;, Ba;NaNbsOs, Pb,KNDbsOss) . Polymeric materials like rubber, wool, hair, wood
fiber, and silk exhibit piezoelectricity to some extent. The polymer polyvinylidene fluoride,
PVDF, exhibits piezoelectricity several times larger than quartz. Polarization is defined as the
separation of the center of the positive and negative electric charges, making one side of the
crystal positive and the opposite side negative. The electrical response of piezo-materials is a
function of both stress (T) applied to the electrode area and the mechanical strain (S) that the
material experiences [22] .The constitutive relations of piezoelectricity in materials can be

derived using a tensor notation. The directions are depicted in the figure (1.5) below.



Net Dipole Moment

|
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Figurel.5: Tensor directions for defining constitutive relations

PVDF is a piezoelectric material. PVDF exhibits permanent polarization by a procedure
called poling, i.e. by being subjected to high DC electric field at elevated temperature. That
means it change its shape when placed in electric field. Because fluorine is so much more
electronegative than carbon, the fluorine atoms will pull electrons away from the carbon
atoms to which they are attached. This means the -CF,- groups in the chain will be very
polar, with a partial negative charge on the fluorine atoms and a partial positive charge on the
carbon atoms. So when they're placed in an electrical field, they align. This causes the
polymer sample to deform, all those -CF,- groups trying to align. PVDF is known to possess
especially strong piezoelectric coupling among polymeric materials. So the source of PVDF’s
piezoelectricity is a dipole created by Fluorine and Carbon bonded in its structure. The dipole
is strongest when PVDF is in its B-form structure (Figure 1.6). This structure aligns all of
dipoles throughout the polymer chain creating polarization that extends to the boundaries of
the PVDF. These dipoles are key to allowing PVDF to act as a sensor. Mechanical
expansion/compression of the dipoles creates a charge distribution that produces a subsequent
potential difference across PVDF [23].
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Figure 1.6: B-Form PVDF

e Pyroelectricity in PVDF and temperature effect

PVDF is also pyroelectric, producing electrical charge in response to a change in
temperature. Pyroelectric sensor materials are usually dielectric materials with a temperature-
dependent dipole moment. As these materials absorb thermal energy, they expand or contract,
which leads to secondary piezoelectric signals. The output current is proportional to the rate
of temperature change AT. The amount of electrical charge produced per degree of
temperature increase (or decrease) is described by the pyroelectric coefficient p. The voltage
V produced in a given film of permittivity €, and thickness t is given by the following
equation.
V=pt AT/ ¢

e Ferroelectricity of PVDF

PVDF is the most widely used ferroelectric polymer and is manufactured in large quantities

for a wide variety of applications, ranging from protective coatings to ultrasound transducers.



Ferroelectric materials are classified as nonlinear dielectrics. This means that when an
electric field (E) is applied to the material, the stored charge (Q) does not result in a linear
response.

Though PVDF shows clear repeatable polarization hysteresis, there was doubt initially that
this was of ferroelectric origin because many polymers exhibit long-lived but transient
hysteresis due to either charge injection or induced polarization.

Figure 1.7 shows an example of this effect with a plot showing a linear and nonlinear
response. The nonlinear response for ferroelectric materials is called a hysteresis loop. At
lower applied fields, the polarization is similar to a linear dielectric and is fully reversible. As
the applied field increases to a saturation point (Psy), polarization will remain after the
electric field is removed. Polarization saturation (Psat) is the point at which polarization will
no longer increase with increasing electric field. The remaining polarization in the dielectric
material after the field has been removed is called the remanent polarization (Pr). Remanent
polarization is basically a measure of the residual alignment in the domains due to the applied
field. The coercive field (Ec) is the amount of applied electric field needed to return the
material to a state of zero polarization. Several factors including composition, thickness, and
electrode properties affect the shape and the values of the hysteresis loop. Each of these can
have a large influence on the ferroelectric and piezoelectric properties of the resulting
material. In PVDF the polarization reversal is likely connected to change in conformation of

molecular chain between the phases at high temperature.
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Figure 1.7. An example of a non-linear polarization response from an applied electric field in a ferroelectric

material (hysteresis loop), and a linear polarization of a linear dielectric constant.
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1.1.5 POLING PROCESS

Generally speaking in order to obtain B-PVDF film it is necessary to stretch the inactive a-
PVDF film up to four times of its original length, then expose the sample to a very high
electric field at elevated temperature, and finally the temperature is then lowered in the
presence of the electric field so that the domains are locked in the polarized state. The second
step is called “poling process”. After the poling process, the random dipolar moments tend to
align along the direction of the external longitude electric field. The stretching process alone
does not induce a complete a to § transformation.

While the theoretical results of molecular dynamics (MD) carried out by Ramos et al. suggest
that this transformation can also be achieved without mechanical stretching, when a
sufficiently strong electric field (e.g., 100 MV/m) is applied [25]. Perlman et al. also found
that the piezoelectric and pyroelectric constant of PVDF films and copolymers can be
increased by nearly 200% when they are simultaneously subjected to stretching and poling
process [26].Poling processes in PVDF are still quite empirical because a thorough
understanding of the physical processes involved in poling has not been fully established.
There are typically two common techniques for polarization induction of PVDF films:

electrode and corona poling.
1.1.5.1 Electrode Polling

Figure (1.8) shows the schematic diagram of the electrode poling system [27]. The
conducting electrodes (top and bottom), which are either evaporated, sputtered, or painted on

the PVDF film surfaces, are required for poling process.

Heating system
Insulating fluid

Flectrode

PVDF film _—— Voltage
source

Electrode

Figurel.8: Schematic of the electrode poling system.
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When the voltage potential is applied to the electrodes then an electric field is produced
across the sample. The poling can be done in air without arcing provided that the electrodes
do not reach the edge of the film. Otherwise the PVDF film might need to be placed in a
vacuum or submerged in an insulating fluid, which can prevent arcing that will damage the
material. Either static or sinusoidal electric fields at low frequency (MHz) can be applied to
the sample during electrode poling. A constant electric field is held on the sample from 10-30
minutes up to 2 hours. A variable field could reduce the probability of dielectric breakdown

caused by high voltages for a prolonged period of time.
1.1.5.2 Corona Polling

The schematic diagram of corona poling is shown in Figure (1.9). In corona poling the
bottom surface with electrode is placed on a heating plate and connected to the ground. A
corona tip is suspended above the sample and is applied to high (8-10 kV) voltages. The grid
is usually placed at the distance of 3-4 mm from the sample to control the magnitude of the
applied electric field.

Corona voltage source

Corona tip Grid voltage source

PVDF film

Electrode

Heating plate

Figure 1.9: Schematic of the corona poling system

When the corona discharge is triggered, the ionized particles are accelerated towards the
ground and deposited on top surface of the sample, which forms the poling electric field
between the top surface and the ground. Corona poling is useful for large area poling and
essentially it generates electrodes during the poling. The magnitude of the electric field and
sample temperature are the key for the poling process. The higher the applied electric field,
the higher the induced polarization provided that the poling field is larger than the coercive
field of PVDF.
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1.2 Zinc oxide (ZnO) Nanoparticle

Nanometric metals and inorganic oxides are added to the polymer matrix to improve the
mechanical, tribological, and electrical properties of polymer. Semiconductor nanoparticles
are a very important topic in the ongoing research activity across the world. As the
semiconductor particles exhibit size-dependant properties like scaling of the energy gap and
corresponding change in the optical properties, they are considered as the front runners in the
technologically important materials. Zinc oxide is a wurtzite type semiconductor material.
Zinc oxide is attracting tremendous attention due to its interesting properties like wide direct
band gap of 3.3 eV at room temperature and high exciton binding energy of 60 meV.
Recently, special attention has been devoted to the morphology, as ZnO can form different
nanostructures [28-30]. Thermal stability, irradiation resistance and flexibility to form
different nanostructures are the advantages that expedite its potential wide applications in
photo detectors , surface acoustic wave devices , ultravioletnanolaser , varistors , solar cells ,

gas sensors , biosensors , ceramics , field emission , and nanogenerator .

1.3 Lead Zirconate Titanate (PZT)

Lead zirconate titanate (Pb[Zr,Ti;«]O3 0<x<1l),also called PZT is a ceramic pervoskite
material that shows a marked piezoelectric effect. PZT-based compounds are composed of
the chemical elements lead and zirconium and the chemical compound titanate which are
combined under extremely high temperatures. Being pyroelectric, this material develops a
voltage difference across two of its faces when it experiences a temperature change. As a

result, it can be used as a sensor for detecting heat.

It is also ferroelectric, which means it has a spontaneous electric polarization (electric dipole)

which can be reversed in the presence of an electric field.

Over the past few decades, there has been significant growth in the development and
application of piezoceramic polymer composites. This growth is due to their use of
complementary elements, which combine the high electromechanical coupling of

piezoelectric materials with the high dielectric strength of the polymer matrix.
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CHAPTER 2
LITERATURE REVIEW

PVDF is polymorphic and can crystallize in 5 different forms. Lovinger [31] reviewed the
various polymorphic structures and properties of PVDF. The major crystal forms of PVDF
involve different chain conformations each of which possesses a component of a net dipole
moment perpendicular to the chain.

The polymer chains of PVDF pack the unit cell in two different ways. Either they are additive
and the crystal possesses a net dipole or they pack with dipoles in opposite directions so there
is no net dipole in the crystal. The polar conformations are piezoelectric while the antipolar
ones are not. Commercial polymerization under standard conditions usually generates alpha
phase of PVDF. This is an antiparallel array and there is no net dipole in the crystal [32].

The beta phase of PVDF has a net dipole moment and the best piezoelectric coefficient after
the poling process. Hence [ phase is the most important in terms applications and a lot of
research is being done on it. The B phase has all-trans although successive —CF, groups must
be deflected by 7° in opposite directions from planar zig-zag conformation to accommodate
the fluorine atoms [33].

B-phase can also be induced by using different kind of solvents. There is a strong effect of
solvent molecules with poly (vinylidene fluoride) (PVDF) chains on the structure and
crystallization behaviour of PVDF in films obtained by solution casting. In a single solvent
system, the film cast from the good solvent of N,N-dimethylformamide (DMF), showed
dominantly B-phase crystals with the highest PVDF crystallnity (50.6%) and the largest
spherulite size, about 4 mm, at the top surface. The samples deposited from good swelling
agents, such as tetrahydrofuran (THF) and methyl ethyl ketone (MEK), exhibited mainly the
original a-phase with some amount of 3-phase crystals; the crystallization behaviour and the
morphology of the surface were similar to the original PVDF resin, because of the only
partially dissolved PVDF chains in these two solvents. In a mixed solvent system
(THE/DMF), the B- phase formation with linearly increment in the DMF content resulted in
the clear spherulitic structure with higher percentage of 3-phase. Surface of the film deposited
by such mixed solvent systems consisted of B- spherulites with average size of about 3 mm,
which were smaller than those grown from pure DMF, because of the increased

crystallization rate in the mixed solvent[34]
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In 1969, Kawai [35] discovered that a strong piezoelectric effect could be induced in
Polyvinylidene Fluoride (PVDF) by applying an electric field. He showed that poled thin
films exhibited a large piezoelectric coefficient.

In 1971, Bergman et al. [36] and Wada et al. [37] discovered that PVDF films polarized this
way also exhibited pyroelectricity with pyroelectric figures of merit comparable to crystalline
pyroelectric detectors.

In 1989, Barsky et al. [38] developed a PVDF sensor-based feedback manipulating
microgripper system.

Niu et al. [39] revealed a method for the preparation of mechanically strong yet electrically
conductive polyvinylidene fluoride, (PVDF)-CNT composite by two different methods. In
solution method, PVDF was first dissolved in a solvent such as acetone; CNTs were then
added into the solution and sonicated. The composite was then precipitated with a
precipitating component such as water, filtered and dried. In melt compounding method,
PVDF was mixed with CNTs in a mixer at high temperatures to melt and compound PVDF
into CNTs to form the composite. They found that the composite prepared by the solution
method were better electrical conductors than that by the melt compounding method. They
claimed that this composite had a higher level of conductivity than other known polymer
composites.

Shukla et al.[40] concluded a new approach inducing structural phase transition from pristine
a-crystal phase of PVDF to B-crystal phase has been attempted via nanocomposites formation
of PVDF using nanoclay.XRD and FTIR data confirmed phase transition in PVDF. However
a complete phase conversion could not be achieved and the composite film comprises of both
a and P-phases with enhanced B phase fraction controlled by clay concentration. The
enhancement in B-phase has been reflected in terms of improved dipolar ordering in
composite films when compared with pure PVDF. This has been indicated in the results of
dielectric properties observed as a function of temperature as well as piezoelectric coefficient
measurement.

Yi and Liang [41] revealed the mathematical modeling, analysis, and experiments of a new
deformation and motion measurement sensor that is made of polyvinylidene fluoride (PVDF)
thin-film. The PVDF-based deformation sensor is designed and fabricated for several
applications, such as deformation detection of automotive tires and insect locomotion
measurements.

D.R. Dillon et al. [42] produced Polyvinylidene fluoride (PVDF)-nanoclay nanocomposites

by both solution casting and co-precipitation methods with the nanoclay loading of 1-6 wt%.
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B- form PVDF was observed in all the nanocomposites regardless of the nanoclay
morphology and contents. Both crystallization and melting temperatures of PVDF were

increased with the addition of nanoclay, possibly due to the formation of the p-form PVDF.

M. S. Gaur, A. P. Indolia [43] studied in detail about the thermally stimulated dielectric
properties of polyvinylidenefluoride—zinc oxide nanocomposites. They prepared a Thirty
micrometer thick polyvinylidenefluoride (PVDF)-zinc oxide (ZnO) nanocomposite samples
in the mass ratio of ZnO (1-6% (w/w)) by solution mixing method. The SEM and AFM
images show the presence of different components such as nanoparticles, amorphous and
crystalline phases in nanocomposite samples. Dielectric properties of polymer nanocomposite
based on PVDF and ZnO of different mass/% compositions have been studied to understand
the molecular motion at different frequencies in the temperature range from 300 to 500 K.
The permittivity of the nanocomposites decreases with frequency, while increases with the
increasing temperature and ZnO content. The loss peak that disappeared at higher frequency
is the remarkable result of this study.

In recent years, composites composed of electro - ceramics and ferroelectric polymer are very
attractive for applications since they exhibit high piezoelectric and pyroelectric properties,
low acoustic impedance matching with water, and furthermore, their properties can be
tailored to various requirements. Zhang De-Qing et al.[44] Structural and Electrical
Properties of PZT/PVDF Piezoelectric nanocomposites prepared by Cold-Press and Hot-
Press Routes. H Tang et al [45] investigated the role of filler aspect ratio in nanocomposites
for energy storage. They synthesized the nanocomposites using lead zirconate titanate (PZT)
with two different aspect ratio (nanowires, nanorods) dispersed its various volume fraction
into polyvinyledne fluoride (PVDF) matrix. Dielectric spectroscopy measurements on the
composites showed that the nanocomposites with PZT NWs have a higher dielectric
permittivity and lower loss tangent than composites with lower aspect ratio fillers. The

energy density of nanocomposites increased with the volume fraction of PZT filler.
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2.1 OBJECTIVE OF THE STUDY

Poly (vinylidene fluoride) (PVDF) is the only commercially available piezoelectric polymer.
It is also a pyroelectric polymer. PVDF has interesting mechanical and electrical properties,
which make it an attractive candidate for several applications in the aerospace industry.
PVDF has four known crystal morphologies, and has the highest piezoelectric coefficients
among synthetic polymers. The literature review gives an idea that the physical properties of
polymer can be enhanced by mean of adding nanoparticles, carbon nanotubes and clay where
the concentration can be varied and optimize to understand the physical structural and
chemical properties of the composite system. Over the past few decades, there has been
significant growth in the development and application of piezoceramic polymer composites.
This growth is due to their use of complementary elements, which combine the high
electromechanical coupling of piezoelectric materials with the high dielectric strength of the

polymer matrix.

In this work, zinc oxide (ZnO) nanoparticle and Lead zirconate titanate (PZT) with different
weight fractions are dispersed in poly (vinylidene fluoride) matrix to make composite. A
uniform distribution of nano particles within a polymer matrix is necessary conditions for the
effective improvement of the properties of the composites. The study will be focused on the

examination of the structural, chemical and dielectic properties of polymer composites.
The main objectives of study are:
1) Synthesis of B-phase in poly (vinylidene fluoride) PVDF polymer

3) Synthesis of nano based polymer composite.

4) Characterization of nano composite by using various techniques.

17



CHAPTER 3
EXPERIMENTAL

3.1 Materials

The materials used in this study were poly (vinylidene) fluoride PVDF (pellet) typical Mw
=530.000 (Aldrich), Zinc oxide (ZnO) nanopowder having particles size around 7 nm, Lead
zirconate titanate (PZT) powder with particle size 137 nm. The solvents used during synthesis
were tetrahydrofuran (THF), C4HsO (Mw=72.11, stablized) (s.d.fine-chem Ltd) and N, N-
Dimethylformamide DMF, C3H;NO (MW=73.09) (s.d.fine-chem Ltd). All the materials used

as received without any further purification.

3.2 Synthesis of B-phase Poly (vinylidene fluoride) (PVDF)

The glass wares (three necks round bottom flask, measuring cylinder, and beaker) were first
cleaned and rinsed with distilled water and then dried. All the materials and solvents are
weighed with help of electronic weighing balance and mixed in cleaned round bottom flask.
A 100 ml three neck flasks is charged with poly (vinylidene fluoride) dissolved in THF/DMF
mixture with 5:5 mass ratio. The reactants were refluxed at 60°C with gentle stirring for 3h
on hot plate (fig. 3.1).

Solvent

Stir

=
O

Hot plate

Figure 3.1: Experimental set up for the sample preparation

After stirring for 3h, reaction mixture is allowed to cool to room temperature. The transparent
solution is cast on glass substrates by spin coating. The residue of THF and DMF was
allowed to evaporate in air for about one week at room temperature. Free standing thin films
(thickness ~ 5-7 um) on glass substrate were formed at the end with the complete evaporation

of solvents.
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3.2.1 Chemical composition
Table 3.1 THF: DMF (5:5)

Sr. No. Chemical name Chemical formula Quantity of
material used
1. Poly(vinylidene fluoride) (PVDF) | -( CH2-CF2)- 19
2. Tetrahydrofurane (THF) CsHsO 5ml
3. N, N-Dimethylformamide (DMF) C3H7NO 5mil

3.2.2 Spin coating

Spin coating is the preferred method for deposition of uniform thin films on flat substrates. In

the typical procedure the appropriate amount of polymer solution is poured in the center of

the substrate.

The substrate is then rotated at high speed in order to spread the fluid by centrifugal force.
Rotation is continued for some time, with fluid being spun off the edges of the substrate, until
the desired film thickness is achieved. The applied solvent is usually volatile, providing for

Figure 3.2: Spin coating unit for depositing thin PVVDF composite films
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its simultaneous evaporation with the passage of time. Higher the angular speed of spinning,
the thinner the film. The thickness of the film also depends on the concentration of the

solution and the solvent
3.2.3 Cell preparation for dielectric studies

Dielectric studies of thin film samples were carried out by depositing thin film on ITO coated
glass substrate in spin coating unit and sandwiches by another ITO coated glass plate
followed by sealing and electrical connection. To make cell schematic of thin film assembly

shown in figure 3.3.

ITO coated

Polymer \;'
|
P 4
1
A

=7

Clippers

Figure 3.3: Schematic of thin film assembly

Figure 3.4: Prepared cell for dielectric study



3.3 Polymer-Composite preparation

3.3.1 Solution processing of ZnO-PVDF nanocomposites

To prepare composite system the first step was same as the synthesis of PVDF samples. In
Second step, an appropriate amount of ZnO-nanoparticle was added to mixture of (PVDF)
poly (vinylidene) fluoride, an organic solvent N, N dimethylformamide (DMF) and
tetrahydrofuran (THF). The final mixture was gently refluxed at 60°C for 3h. After stirring,
the solution was sonicated for 2h.

Figure 3.5: Solution processing of PVDF nanocomposites

The ZnO nanoparticles-PVDF nanocomposites were prepared with different concentrations
of ZnO-nanoparticles in PVDF. This final mixture is further treated for making composite
film by using Spin Coating. The residue of DMF and THF was allowed to evaporate in an air
oven for about week at room temperature. Free-standing films (thickness ~ 4-6 um) on glass
substrate were formed at the end when the solvent completely evaporated.

3.3.1.1 Chemical composition
Table3.2: Samplel, PVDF-ZnO Composite (.001, .003, .005, .007 wt %)

Sr. No. | Chemical name Chemical Quantity of material
formula taken

1. Poly(vinylidene fluoride)(PVDF) | -(CH2-CH2)- 1g

2. Zinc oxide nanoparticle ZnO 0.001,0.003,0.005,0.007g

3. Tetrahydrofuran(THF) C4HgO 5ml

4, N,N-Dimethylformamide(DMF) | C3H;NO 5ml
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3.3.2 Solution processing of lead zirconate titnate (PZT) -PVDF composite

An appropriate amount of PZT was added to mixture of PVDF poly (vinylidene) fluoride, an
organic solvent (DMF) N, N dimethylformamide and (THF) tetrahydrofuran. The final
mixture was then thoroughly mixed by magnetic stirrer at 60°C for 3h. After stirring, the
solution was sonicated for 2h. The PZT -PVDF samples were prepared with different
concentration of PZT. This final mixture is further treated for making of thin film and bulk
films by using various techniques i.e. spin coating and solution cast method. The residue of
DMF and THF was allowed to evaporate in an air oven for about one week at room
temperature. Free-standing films (thickness ~ 4-6 um) on glass substrate were formed in the

end when the solvent completely evaporated.

3.3.2.1 Chemical composition
Table3.3: Sample2, PVDF-PZT Composite (.001, .003, .005, .007 wt %)

Sr.No. | Chemical name Chemical Quantity of material
formula taken

1. Poly(vinylidene fluoride)(PVDF) | -(CH,-CHy)- 19

2. Lead zirconate titnate(PZT) PZT 0.001,0.003,0.005,0.007g

3. Tetrahydrofuran(THF) C4HsO 5ml

4. N,N-Dimethylformamide(DMF) | CsH;NO 5ml

3.4 Overview of some important experimental devices

3.4.1 Fourier transformation IR spectroscopy (FTIR)

Fourier Transform Infrared Spectroscopy (FTIR) is based on the fundamental principles of
molecular spectroscopy. Fourier Transform Infrared Spectroscopy (FTIR) provides specific
information about chemical bonding and molecular structures, making it useful for analyzing
organic materials and certain inorganic materials. The basic principle behind molecular
spectroscopy is that specific molecules absorb light energy at specific wavelengths, known as
their resonance frequencies. For example, the water molecule resonates around the 3450
wave number in the infrared region of the electromagnetic spectrum. An FTIR spectrometer
works by taking a small quantity of sample and introducing it to the infrared cell. Some of the

infrared radiation is absorbed by the sample and some of it is passed through (transmitted).

22




The resulting spectrum represents the molecular absorption and transmission, gives
information of type of bonding in the sample. This makes infrared spectroscopy useful for

several types of analysis. Experimental set up is shown in figure 3.6 below.

Figure 3.6: Fourier transforms infrared spectrometer

The original infrared instruments were of the dispersive type. These instruments separated the
individual frequencies of energy emitted from the infrared source. This was accomplished by
the use of a prism or grating. A grating is a more modern dispersive element which better
separates the frequencies of infrared energy. The detector measures the amount of energy at
each frequency which has passed through the sample. This results in a spectrum which is a
plot of intensity vs frequency. Fourier Transform Infrared (FT-IR) spectrometry was
developed in order to overcome the limitations encountered with dispersive instruments. The

main difficulty was the slow scanning process.

So, Why an FT-IR Spectrometer?

Choose an FT-IR over a dispersive instrument if:

e You work in the infrared
e You need high spectral resolution

e You work with weak signals
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e You need to acquire your spectra quickly and with high S/N ratio

e You need high spectral accuracy

FT-IRs possesses strong theoretical reasons that enable them to excel in these categories.
How much of this potential advantage is realized in your application depends strongly on the

instrument’s design and the particulars of your measurement.
What information can FT-IR provide?

e Identification of unknown organic and some inorganic materials, often mixtures and

other microscopic.
e |t can determine the quality or consistency of a sample.
e |t can determine the amount of components in a mixture.

3.4.2 X-ray Diffraction

X-ray diffraction (XRD) is a versatile, non-destructive technique that reveals detailed
information about the chemical composition and crystallographic structure of natural and
manufactured materials. These techniques are based on observing the scattered intensity of
an X-ray beam hitting a sample as a function of incident and scattered angle, polarization,

and wavelength or energy.

Figure 3.7: X-ray Diffraction
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X-ray diffraction has been most commonly used for routine characterization as well as for
detailed structural elucidation. In order to obtain detailed structural information, knowledge
of X-ray diffraction intensities is also essential, the intensities being related to the structure

factor. Figure 3.7 shows XRD machine set up.
3.4.3 Wide angle X-ray diffraction

Wide angle X-ray Diffraction (WAXD) is a widely used instrument to identify crystalline
structure of polymers. Their configurational determination of polymeric formation is highly
dependent on time and data point. Diffracted angle of X-ray from surface can be defined by

Bragg’s Law (Figure 3.8),
n\ = 2dsinf

where n is the order of a reflection, A is the wavelength of X-ray, d is the distance between

parallel lattice planes, and 0 is the angle between the incident beam and a lattice plane.

Figure 3.8: Principles of X-ray diffraction spectroscopy

Result can be measured by value of intensity or count and it can be possible to determine

crystallite size and size distribution.

3.4.4 Scanning Electron Microscope (SEM)

The SEM is a microscope that uses electrons instead of light to form an image. SEM shows
very detailed 3-D images at much higher magnifications than is possible with a light
microscope. The SEM has a large depth of field, which allows more of a specimen to be in

focus at one time.
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Figure 3.9: Scanning Electron Microscope

How does a SEM work?

The SEM is an instrument that produces a largely magnified image by using electrons instead
of light to form an image. A beam of electrons is produced at the top of the microscope by an
electron gun(shown in fig 3.10). The electron beam follows a vertical path through the
microscope, which is held within a vacuum. The beam travels through electromagnetic fields
and lenses, which focus the beam down toward the sample. Once the beam hits the sample,

electrons and X-rays are ejected from the sample (Shown in fig. 3.11).

Detectors collect these X-rays, backscattered electrons, and secondary electrons and convert
them into a signal that is sent to a screen similar to a television screen. This produces the final
image. Back-scattered electrons (BSE) are beam electrons that are reflected from the sample
by elastic scattering.
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Figure 3.10: Working of SEM

BSE are often used in analytical SEM along with the spectra made from the characteristic X-
rays. Because the intensity of the BSE signal is strongly related to the atomic number (Z) of
the specimen, BSE images can provide information about the distribution of different

elements in the sample.

Incident Beam

primary backscattered
Xrays electrons

secondary electrons
Auger electrons

Sample

Figure 3.11: Interaction of incident beam with sample
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3.4.5 Dielectric measurements

The dielectric measurements were carried out using a programmable automatic RCL meter
(FLUKE PM 6306) in the frequency range 50Hz to 1MHz (fig 3.12) for thin films. The real
and imaginary parts of the complex dielectric permittivity have been studied in detailed at
different temperatures. The dielectric properties of the PVDF composites were taken at off
voltages.

Figure 3.12: LCR Meter

In the case of polymeric medium, dielectric spectroscopy is a powerful technique that is
capable of probing the molecular motion and the electric properties. The dielectric constant or
relative permittivity of a material is the ratio of the dielectric constant of the material (g) to
that of vacuum (gg). The capacitance measures the extent to which charge can be stored.

& = €/gg

Where & is the relative permittivity of material.

A capacitor is formed when a non-conducting media, called the dielectric, separates two
conducting plates. The value of the capacitance depends on the size of the plates, the distance
between the plates and the properties of the dielectric.
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The capacitance relationship is:

&5 A

With,
C = the capacitance

o = electrical permittivity

gr = relative electrical permittivity (dielectric constant)
A = surface of one plate

d = distances between two plates

The dielectric constant of material depends on the materials polarization, the higher the

polarizability of molecule, higher the dielectric constant.
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CHAPTER 4
RESULTS AND DISCUSSION

This chapter summarize the results which we obtained from the Fourier Transform Infrared
Spectroscopy (FTIR), X-ray diffraction (XRD), Scanning Electron Microscope (SEM) and
dielectric characterization to understand their chemical, structural, surface morphological and
dielectric behaviour of pure PVDF film, PZT dispersed and ZnO nanoparticle dispersed
PVDF film.

4.1 Chemical Analysis

Figure 4.1(a) represents the IR spectra (ranges from 4000 to 400cm™) of PVDF film (5:5wt%
THF/DMF) (a) as pure (b) Annealed at 90°C for 5hrs. The IR spectra of pure PVDF film
exhibit peaks at 609.4 cm™ corresponds to a-phase of PVDF while the peaks at 460.4, 842.0,
892.6 cm™ represent the B-phase. The peak at 842 assigned to CF, asymmetric stretching
vibrational mode. After annealing (90°C for 5h) we observed peaks at 463.7,846, 892.6 cm™
corresponding to B-phase while the peak at 481.7 represents the a-phase. So it cannot be
concluded that annealing enhance the -phase character. Some additional peaks observed in

Pure and annealed films at 1075 cm™ corresponds to the fluoro alkane.

b) PVDF 5:5 (THF/DMF) annealed at 90°C

—_ 1075 \
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Figure 4.1(a): FTIR spectra of PVDF films cast with mass ratio of 5:5 (THF/DMF): a) as synthesised,
b) Annealed at 90°C for 5hrs.
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Figure 4.1(b): FTIR spectra of PVDF-PZT composite films at different concentration (.001, .003, .005, .007): a)
as synthesized; b) Annealed at 90°C for 5hrs.
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Figure 4.1 (c): FTIR spectra of PVDF-ZnO composite films at different concentration (.001, .003, .005, .007):
a) as synthesized; b) Annealed at 90°C for 5hrs.
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Figure 4.1(b) shows the FTIR spectra of PVDF-PZT composite film. The peaks at 606.7,
492.1 cm™ corresponds to a-phase while peaks at 465.1, 842.6 and 889.1 cm™ correspond to
B-phase. We observed that as the concentration of PZT is increased, -phase becomes
dominant. After annealing we observed peak at 465.1, 851.6 and 889.1 indicating the
presence of B-phase. So no effect of annealing has been observed.

Similarly the interaction between the ZnO nanoparticles in the PVDF matrix was observed
from the infrared spectra shown in fig. 4.1(c). Observed peaks at 465.1, 842.5, 889.8 cm™
indicate the presence of B-phase. No additional peak of ZnO has been found indicating the

ZnO nanoparticles are homogeneously incorporated in the PVDF matrix.
4.2. Structural analysis

Wide angle X-ray diffraction (WAXD) was used to identify the crystalline phase of pure,
PZT and ZnO nanoparticle dispersed PVDF composite films. Figure 4.2(a) shows the XRD
pattern of (a) pure film and (b) film heated at 90°C. We observed well defined peaks at
20=20.7° corresponds to (200) plane for both pure and annealed sample indicate the presence
of B-phase of PVDF. Diffraction peak at 20=27.2° also observed in case of Pure PVDF
(without annealing) indicate the presence of a-phase. No significant effects of annealing have
been observed.
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Figure 4.2 (a):X-ray diffraction pattern of PVDF film (a) without annealing (b) Annealed at 90°C
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Figure 4.2 (b): X-ray diffraction pattern of PVDF/PZT composite film at varying concentration of PZT (.001,
.003, .005, .007wt %) (a) Without annealing (b) Annealed at 90°C for 5hrs.
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Figure 4.2 (c): X-ray diffraction pattern of PVDF/ZnO composite films at varying concentration of ZnO
nanoparticle (.001, .003, .005, .007 wt %) (i) Without annealing (ii) Annealed at 90°C for 5hrs.
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X-ray pattern of various concentration of PZT dispersed PVDF films are shown in fig. 4.2(b).
The observed spectra indicate the presence of semicrystalline structure. Well defined peak
formed at 20=20.7° at all concentration of PZT in without annealing film indicates the
presence of B-phase. As the concentration of PZT increased the peak get broaden. We also
made an attempt to study the effect of annealing on PZT dispersed PVDF film at a
temperature (90°C for 5hrs). In annealed film we also observed peak at 20=20.7°indicates the
presence of B-phase of PVDF refer to the (200) plane. From above results it is quite obvious
to say that addition of PZT does not affect the structure of PVDF.

XRD patterns of ZnO nanoparticle dispersed PVDF films are shown in fig. 4.2(c), we
observed peak at 26=20.7° indicative of B-phase of PVDF consistently for all concentration of
ZnO dispersed in PVDF. In case of annealed sample (at 90°C) we observed peak at 26=20.7°

for all sample attributed to the B-phase.
4.3 Morphological analysis of pure and nanoparticle dispersed PVDF composite films

SEM micrographs of pure, PZT and ZnO nanoparticle dispersed PVDF at different
concentrations (.001, .003, .005, .007wt %) are shown in fig 4.3(a) (i-v) and 4.3(b) (i-v) at
5000X magnification. SEM image shows the cellular nature of pure PVDF. We observed that
in all cases size of pores is reduced by filling of PZT and ZnO nanoparticle. From SEM
image of PZT dispersed PVDF composite film (fig.4.3(a) (i-v))we observed that as the
concentration of PZT increased the size of the pores is reduced while at very high
concentration (.007 wt%) we observed increment in the size of pores. The uniformity of ZnO
nanoparticle dispersion is clear from fig.4.3 (b) (ii-v). It was also found that the fine
spherulites were arranged in well defined fashion in all cases. Well defined network of

spherulites may give rise to the dielectric constant in the composite systems.
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Figure4.3 (a): SEM micrograph of pure and PZT dispersed PVDF films at 5000X.
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Figure4.3 (b): SEM micrograph of pure and ZnO nanoparticle dispersed PVDF films at 5000X.
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4.4 Dielectric spectroscopy

The temperature and frequency dependent dielectric behaviour of thin film of PZT and ZnO
dispersed PVDF in the frequency range 50Hz to 1MHz and temperature range 30°C to 180°C

has been studied.

4.4.1 Dielectric study of PVDF-PZT composite film
4.4.1.1 Frequency and temperature dependence of relative permittivity (g”)

The variation in relative permittivity (¢’) as function of frequency for pure, PZT dispersed
PVDF samples are shown in figure 4.4(a). We observed that very low concentration (.001
wt %) gives rise to relative permittivity and attain maxima (45) in the lower frequency region.
However rest of the concentration displayed the permittivity around pure PVDF. At higher

frequency no significant dispersion has been observed.
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Figure 4.4(a): Variation of relative permittivity with frequency at different concentrations of PVDF/PZT at
155°C.
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Figure 4.4 (b): Variation of dielectric loss with frequency at different concentrations of PVDF/PZT at 155°C.

The variation of dielectric loss of pure PVDF and PZT dispersed films are shown in figure
4.4(b). We observed that at low frequency dielectric loss slightly increases upto concentration
(.003 gm). The gradual decrease in the loss factor has been observed with further increasing
concentration. At higher frequencies there was no significant variation in dielectric loss has

been observed.
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Figure 4.4(c): Variation of relative permittivity with temperature at different concentrations of PVDF/PZT at
100 Hz.

Figure 4.4(c) shows the variation in relative permittivity as a function of temperature at 100
Hz. At low frequency (100Hz) we found increase in dielectric constant as concentration of
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PZT increases. At higher temperature, abrupt variation in relative permittivity was observed

in the temperature region of 160°C to 175°C.
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Figure 4.4(d): Variation of dielectric loss with temperature at different concentrations of PZT in PVDF at 100
Hz.

Figure 4.4(d) (ii) shows the variation of dielectric loss with temperature at different
concentration of PZT at 100Hz. We observed that the loss is maximum at .001and .003 wt%

concentration, though, the magnitude of loss factor is small.

Such increase in the PZT dispersed sample at lower concentration attributed to the better
incorporation of PZT particle in the PVDF matrix and the contribution of the coupled dipole
moment of PVDF and PZT, which spontaneously enhance the permittivity at lower

concentration.

4.4.2 Dielectric study of PVDF-ZnO composite film

4.4.2.1 Frequency and temperature dependent relative permittivity (&’)

The variation in relative permittivity as function of frequency for pure, ZnO nanoparticle
dispersed PVDF samples are shown in figure 4.4(e). We observed that at lower
concentrations of ZnO nanoparticles, the relative permittivity of PVDF-ZnO composite was
not much influenced. As the amount of doping increased to .007 wt%, we found increase in
the value of relative permittivity at low frequency region. The dielectric constant of a
material generally comprises four types of contributions, namely, ionic, electronic

orientational and space charge polarisations.

39



All these may be active at low frequencies and the nature of variations of dielectric constant
with frequency indicates the type of contributions that are present in them. Udupa et al. [46]
have reported that the large value of dielectric constant at low frequency is due to the
presence of space charge. PVDF is a polar polymer. When the frequency is increased the
dipoles do not have enough time to align before the field changes the direction and the

dielectric permittivity and dielectric loss decreases.
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Figure 4.4(e): Variation of relative permittivity with frequency at different concentrations of ZnO nanoparticle
in PVDF
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Figure 4.4(f): Variation of dielectric loss with frequency at different concentrations of ZnO nanoparticle in
PVDF at 155°C.

The variation of dielectric loss in PVDF-ZnO composite with frequency at different

concentration of ZnO nano particles at 155°C are shown in figure 4.4(f). We observed that as
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the frequency was increased the loss factor was decreased. Dielectric loss of PVDF-ZnO

composite is lower than pure PVDF.
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Figure 4.4(g): Variation of relative permittivity Vs temperature at different concentrations of ZnO nanoparticle

in PVDF at 100Hz.

Figure 4.4(g) shows the variation of relative permittivity at 100 Hz as a function of

temperature for different concentration of ZnO nanoparticle dispersed in PVDF. We observed

that at low temperature the relative permittivity was not much influenced. As the temperature

increased relative permittivity increases for higher concentration of ZnO with temperature.
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Figured.4 (h): Variation of dielectric loss with temperature at different concentrations of ZnO nanoparticle in

PVDF at 100Hz.
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Figure 4.4(h) shows the variation of dielectric loss at 100 Hz as a function of temperature for
different concentration of ZnO nanoparticle dispersed in PVDF. We observed there was a
sudden increase in the dielectric loss at transition temperature and it was become maximum

near its melting temperature after that it start to decrease.

Table 4.1 Comparison of relative permittivity of composite films samples at different

concentration

Concentration Pure .001 .003 .005 .007
(wt %)

Relative Permittivity 8.3 45 4 11 5
of PZT-PVDF
composite film

Relative Permittivity 8.3 4 2 2.5 17
of ZnO-PVDF
composite film

4.5 Conductivity measurement

The conductivity of PZT and ZnO nanoparticle dispersed PVDF composite films was

calculated and plotted as a function of temperature and frequency.
4.5.1 PVDF-PZT composite film

Figure 4.5(a) shows the variation of conductivity with frequency. We observed that the effect
of frequency highlights only in the high frequency range. Whereas for higher concentration of
PZT (.007 wt %) conductivity in high frequency region was not much influenced. However at

low frequency region conductivity is almost constant.
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Figure 4.5 (a): Conductivity measurement of PVDF-PZT system with frequency at 155°C.
From fig 4.5(b) we found that the conductivity increase with increasing temperature. The
increment in temperature provides an increase in free volume and segmental mobility. These

two entities then permits free charges to hop from one site to another thus increase
conductivity. [47]
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Figure 4.5 (b): Conductivity measurement of PVDF-PZT system with temperature at 100 Hz.
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4.5.2 PVDF-ZnO composite film

From fig. 4.5(c) it is clear that the conductivity shows a small change in the low frequency

range while increases at higher frequency for higher concentration of ZnO content.
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Figure 4.5(c): Conductivity measurement of PVDF-ZnO system with frequency at 155°C.

Figure 4.5(d) shows the variation of conductivity with increasing temperature and ZnO
concentration. In this case conductivity does not show any significant change as the ZnO-
PVDF composite films shows decrease in magnitude of conductance than that of pure PVDF.
The sharp increase of conductivity between 160°C to 170°C can be attributed to large heat

energy absorbed by the samples and thus induce mobility of electrons [47].
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Figure 4.5(d): Conductivity measurement of PVDF-ZnO system with temperature
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Table4.2: Comparison of conductivity of composite films samples at different

concentration

Concentration Pure .001 .003 .005 .007
(Wt%)

Conductivity of PZT- | 2.7x107 | 7.7 x107 1.2x10°® 3.6 x10” 1.7 x107
PVDF composite film

Conductivity of ZnO- | 2.7 x107 | 1.3x10” 9 x10° 9.8 x10° 5.2 x10”
PVDF composite film
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CONCLUSION

CONCLUSION

e PVDF polymer and their properties, phase conformation, and analytical methods were
reviewed at the beginning of this thesis. The thin films of pure PVDF and nanomaterial
dispersed PVDF with mass ratio of 5:5 (THF/DMF) were fabricated by using spin

coating.

e X-ray diffraction and FTIR analysis confirmed the formation of pure well crystalline
B-phase. From chemical analysis we observed that the as the concentration of PZT
content increased, B-phase become dominant. Also ZnO dispersed PVDF film indicate
the presence of B-phase. Further formation of well defined 3-phase has been confirmed
from XRD analysis. No significant effect of annealing has been observed.

e Morphological investigations suggesting that the nanomaterials are uniformly

dispersed in the PVDF matrix.

e From dielectric studies we found that the permittivity decreases with frequency due to
orientational polarisation and increases with temperature. The relative permittivity of
PZT dispersed composite film attains maxima 46 at very low concentration (.001gm)
and then decline at higher concentration. Whereas the relative permittivity of ZnO
dispersed nanocomposites film attain a maximum value at (17) at higher concentration
(.007 gm) and having less value at lower concentration. Loss factor decreases with

increasing frequency and concentration of PZT and ZnO nanoparticles.

e The conductivity calculated for PZT-PVDf composite films shows the increment with
the increase in temperature and PZT content. While in case of ZnO dispersed PVDF
composite films conductivity was not much influenced. As the temperature increases,

the polymer can expand easily and produce free volume.
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