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ABSTRACT

Pure and transition metal salt (TMS) dispersed Poly (vinylidene) fluoride PVDF composite
films were derived via mixed solvent systems. The composite films loaded with varying
concentrations of TMS (CuCl,, NiCl,and ZnCl,) 0.5, 1, 3, 5, 10, 15,25wt% has been
prepared. The chemical, structural, physical, morphological thermal and dielectric properties
were studied by using Fourier transform infrared spectroscopy, X-Ray diffraction, Scanning
electron microscopy, differential scanning calorimetery and LCR meter (50Hz to 1 MHz). IR
spectra and XRD analysis collectively inferring about the formation of crystalline -phase for
all concentration of TMS. The conductivity measurement inferring that the metal salt content
was well percolated in the PVDF matrix as the conduction of these composite films become
higher with the rise in metal salt content. Highly ordered spherulites grown in the TMS-
PVDF composite films were noticed. The CuCl, and ZnCl, based films were found more
porous than that of NiCl, based composite films. Calorimetric transitions demonstrated only
on endotherm peak in all cases attributed to the melting transitions of the PVDF. The entropy
was found minimum in case of CuCl; loaded films and increases for NiCl, and ZnCl, systems
respectively. The dielectric behaviour of these composite films does not reflecting any

significant change as the magnitude of the dielectric was found same as pure PVDF.
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CHAPTER 1

INTRODUCTION

Several of our technologies in modern life needemals with unusual combinations of
properties that cannot be met by conventional ned$erThis is especially true of advanced
materials that are desired for aerospace, underwarel transportation applications. For
instance, aircraft engineers are working towardspmsite materials that have low density,
are strong, stiff, and abrasion and impact resigtaand are not easily corroded; all these
traits representing a difficult combination of cheteristics. Advanced materials in which the
polymer is the matrix with various kinds of nandusions represent a new area of materials

development, and opens up wide possibilities fotidoutions to science and technology.

In today’s world polymers play a very importanteah numerous fields of everyday life due
to their advantages over conventional materialg. (good, clay, metals) such as lightness,
resistance to corrosion, ease of processing, anccést production. Besides, polymers are
easy to handle and have many degrees of freedoroofdrolling their properties. Further
improvement of their performance, including compmdiabrication, still remains under
intensive investigation. The altering and enhanceméthe polymer’s properties can occur
through doping with various nano-fillers such astat®e semiconductors, organic and
inorganic particles, transition metal halides aitutels, as well as carbon structures and
ceramics[1]. Such additives are used in polymers for a varatyeasons, for example:
improved processing, density control, optical efechermal conductivity, control of the
thermal expansion, electrical properties that enatflarge dissipation or electromagnetic
interference shielding, magnetic properties, flanesistance, and improved mechanical

properties, such as hardness, elasticity, and ves@tance.

Today'’s technology is the miniaturization of theatonic, actuating, sensing, linear and non
linear optical devices. In the field of polymer esute, piezoelectric and ferroelectric
polymers play a very important role, as these pelgrhave applications in the field of
microwave modulation, nonlinear optical propertiesfrared to visible converter,

electromagnetic wave, gas, temperature and pressmsor. It is non rejectable in human

tissues; there it has important medical applicatif2]. The existence of piezoelectric



polymers has been known since 1924. However, tHg kaown piezoelectric polymers did
not receive much attention because of their wea&tr-mechanical response. Electroactive
materials have been the primary source of actuafmm Smart Devices. Numerous
applications have been reported, including ultracsand undersea sonic techniques, robotics,
vibration isolation and manipulation. The basic gedy of the materials used for these
applications is the strain response induced bylectree field, and vice-versa. So far, most of
the electroactive materials used for these appdicatare electroactive ceramics. However,
recently it has been found that polymers, suchahgupethane and Polyvinylidene fluoride
(PVDF) polymer, can exhibit very large electrogivie and piezoelectric effects. The PVDF
has been shown to exhibit relatively large elastmdulus. The PVDF exhibits the highest
elastic energy of all electroactive materials, ecensidering ceramics and single crystal
inorganic materials.

A growing interest starts after the work by Fukadahe 1950's and 1960’s, which is the
discovery that rolled films of polypeptides and raerous other polymers induce surface
charges when stressed. A major milestone in thid fivas recorded with Kawai's discovery
of the strong piezoelectric effect in polyvinylideriluoride (PVDF) in 1969. Later, other
PVDF co-polymers were also reported to be pieztededncluding P (VDF-TrFE) and P
(VDF-TFE).

By adding different type of additives we can modifgnificantly the structure and physical
properties of the polymers. Some methods which waed to modify the properties of
ferroelectric polymers normally induce undesiredudural deformation or structural
limitations which may not be feasible for a few Bgations such as in sensors and memory
devices, and hence require a different, yet siraple cost effective approach to improve the

structure and physical propertis.

The metal halides fillers modify significantly tiséructure and physical properties. Some of
the reasons for using metal salts are cost-effegmocessing with simple methodology (for

solution cast films) and removal of metal saltsA@ashing the films in de ionized waté].



1. Polyvinylidene fluoride:

PVDF is also known as poly (1, 1-difluoroethlene) wihrepeat unit (CHCF,). It is a
highly non-reactive and pure thermoplastic fluodgpeer. It is also known a&KYNAR,
HYLAR or SYGEF.
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Figure 1.1: Chemical structure of PVDF

PVDF was discovered as part of Dupont’s reseamchfl@oropolymers. Polyvinylidene
Fluoride (PVDF) was polymerized for the first tinmethe 1940s. It is usually produced by
free radical polymerization a€H, =CF, under high temperature and high pressure, (50 to
150°C) and (10 to 300 atm); respectively. The gatal] which are usually used, are either
inorganic or organic peroxides. The breakthroughe@ 1969, when Kawaii discovered the
exceptional piezoelectric behavior of PVDF, whidhtteat time was the highest among the
known synthetic polymers. After more than 30 yeafsstudy and development, the

piezoelectricity and electromechanical properti€PWDF and its copolymers have been
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improved significantly. Today, this class of polymestill possesses the highest
electromechanical responses over a broad tempenanoge among known synthetic organic

materials and it is the only commercially availapiezoelectric polymer.

1.1 Structure of PVDF

Poly (vinylidene fluoride) (PVDF) is a semicrysita# polymerwith a crystallinity of about
50%with at least four crystalline phases,, y andd, which differ both in lattice type and
chain conformation in the lattice which are stabteroom temperature and three of these
phase have net dipolar moments, fhghase being dominaft].

a-Phase

This is the most common form of PVDF and is norgnalbtained by crystallization from the
melt. Theo-phase has a monoclinic lattice. The conformatibrihcs phase is a slightly
distorted TG+TG- with a unit cell that is non-pothre to the anti parallel packing of the two
chains contained in the cell.

p- Phase

This is the most important polymorph of PVDF beeaubkis phase is predominantly
responsible for the piezoelectric and pyroelecpioperties of the polymer. It has an
orthorhombic structure. It has an all T configuatand a strong dipole moment normal to
the chain direction. It is formed by the mechandelormation of the melt-crystallized—
phase films and the formation is aided by heademeh(-CR-CF,-) and tail to tail (-CH-

CH,-) defects, which help to reduce intermoleculaaistr

v- Phase

This phase is formed by solution crystallizationd areadily transforms int@-phase on
mechanical distortion. It has an orthorhombic ¢&ttiA number of arrangements have been
suggested for this polymorph, and the T3GT3G caméton is generally accepted. It is thus
seen as an intramolecular mix of batandp forms.

6- Phase

This is a polan form and is produced by subjecting tiihase to a high electric field, thus
producing an inversion of the dipole moments ieralited chains. It has an orthorhombic
lattice. The unit cell dimensions and the configioraare the same as theghase.

Because of the strong electronegativity of fluoratems compared to those of hydrogen and

carbon, each PVDF chain possesses a dipole moreguemlicular to the polymer chain. If

4



the polymer chains pack in crystals wihrallel dipoles, the crystal possesses a netalipol

moment, as in the polar forfy y, andd-phases; whereas, with antiparallel chain dipdles,
net dipole moment vanishes as in the nonpolaihase.

az4.96 A

4.96 A

b=4.91 A

Figure 1.2:Unit cells of (a)a-phase; (bp-phase; and, (¢)-phase of PVDF. Only the a-b
Unit-cell plane is shown. Arrows indicate dipoleaditions normal to molecular axis.

Among these phases, thgphase contains the largest piezoelectric and pBectoe

coefficient. Its piezoelectricity and pyroelecttycproperties, which provide possibilities for
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many technological applications, have attracted hmaitention and have been extensively
investigated over the past several decades. Clyyretg copolymer—poly (vinylidene-
fluoride—trifluoroethylene) [P(VDF-TrFE)] has beeffectively applied as an electroactive

polymer; its ferroelectricity arises from the atkis conformation.

o B Y
IGTG T TTTGTITG

Figure 1.3: Space filling models of PVDF in themnformations.

The figure 1.3 shows the space filling model of A all the three conformationds we

can seeu-phase is more homogenous. This enables it to dddesin nature and is non-
polarized because of mixed positive and negatieegds.The polymer chains are transferred
from o to B-phase when the films are stretched or rolled Wgrdeation at below 100°C, or
under continuous high electrical field. Tifiephase has a net dipole moment and best
piezoelectric coefficient after appropriate polipgpcess. That is the reason there are many

extensive works to makephase PVDF films.

1.2 Morphology of PVDF

Polymer crystals are extremely small and when gréwm the melt, are arranged into
essentially spherically symmetric poly-crystalliaggregates that have no net polarization.
These aggregates are called spherulites and fesultnucleation of primary crystals within
the melt, followed by radial growth outward frome#ie nuclei in spherical envelopes.This
microstructure appears as radial fibers which aréact stacks of very thin, platelet-like
crystals, called lamellae (about 10 nm thick angksd micrometers in lateral dimensions).
These lamellae consist of macromolecular segménats dre packed crystallo-graphically,

while the intervening amorphous regions contain irchgdegments in disordered



conformations. This two-phase structure of the dsddtate is typical of crystallizable

polymers. In PVDF, crystalline lamellae represdriwa 50% of the total mass, the other half

being amorphous.

Figure 1.4: Spherulites of PVDF crystallized frorgstallized from the melt at 160°C.large

spherulites are of the antipokaphase; small ones belong to the pglphase

I

Spherulite
0y
[
Molaecule
Nucieus
Crystailine
famelia

Amorphous region
Figure 1.5: Schematic representation of the streadf polymer spherulitic.
1.3 Piezoelectricity, Pyroelectricity and Ferroeletricity in Polymers

The piezoelectric effect was discovered experingntsy the brothers Pierre and Jacques

Curie in the year 1880. What the brothers Curientbwas that some crystals when



compressed in particular directions show positiveé aegative charges on certain portions of
their surfaces, the charge being proportional ® pnessure and disappearing when the
pressure is withdrawn. Eventually, the two brothéeseloped the basics of piezoelectric
behaviour and documented responses of material&Ridchelle salt, quartz, and topaz.

During World Warl, the piezoelectric quartz plates could be usedié&ecting submarines.
When a voltage is applied to the device, the chysth expand. Similarly, when a wave
strikes the device, it will set the quartz in vititoa and generate a voltage which can be

detected.

1.3.1Piezoelectricity

Piezoelectric polymers are subset smart mater&dgentist defines a smart material as “a
material that changes one or more of its propeftieeesponse to an external stimulus”.
Piezoelectric materials are a class of materialshvban be polarized. Piezoelectricity refers
to the generation of an electrical signal in a maltén response to a mechanical stress which
is known as the direct piezoelectric effetlinear relationship between mechanical stress
and electrical parameters is usually expresseueifidllowing equations:

D=d.T

Where Dis electric charge density, i$ the applied stress, andsdcalled piezoelectric stress
constant. The resulting electric field E is related to anegwrtl stress T through the
piezoelectric voltage constant g, which is an ingoatrparameter for sensapplications.

The direct effect as shown in figure 1.6 usually phinciple of sensors- is defined as when an

applied stress to a piezoelectric material prodacasarge on the surface.

¥
11|
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o D V=0
Force =0 Force=0

Figure 1.6: Direct piezoelectric effect
The second effect is the indirect or converse éféec shown in figure 1.7 usually the
principle of actuators. This happens when the appbn of a voltage across a piezoelectric

material results in a shape change.
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Figure 1.7: Converse piezoelectric effect.

I

1.3.2 Pyroelectricity
Pyroelectricity refers to the generation of an &lecsignal in response to a change in
temperature. Consequently, the pyroelectric cdefiig is defined by equation

AP = pAT
WhereAP is the reversible change in polarization afdis the change in temperature. The
charge to be measured as a result of a temperctarege will depend on the surfaces upon
which the measuring electrodes are placed. Ingbigmer films, the electrodes are almost
always placed on the large flat surface, and thiepokarization direction is normal to this
surface. At equilibrium, the polarization is equal the charge (Q) per unit area (A).
Therefore, the pyroelectric coefficientip defined as the change in polarization per unit
change in temperature; the usual experimental apymaconsists of measuring the charge per
unit area generated by a unit change in temperatinich means that the pyroelectric

coefficient is given in Equation

149
A((ff)

1.3.3 Ferroelectricity

The group of dielectric materials called ferroefiest exhibits spontaneous polarization in
absence of an electric field. There must existemoelectric materials permanent electric
dipoles, the origin of which is explained for bamuitanate, one of the most common

ferroelectrics.



Ferroelectric materials such as barium titanate tigmugh a phase transition from a
centrosymmetric non-polar lattice, to a non-cerymasetric polar lattice at the critical
temperature. Also, there is an important chareatierof ferroelectric materials is called a
domain as shown in figure 1.8, which is a microscaggion of a crystal in which the
polarization is homogenous. These domains are altwmn-aligned, but can be aligned by
applying a DC electric field for an extended perwmfdtime, which is known as polindn
semicrystalline polymers such as PVDF, there amgions where the chains exhibit
amorphous and crystalline regions. Consequently, diystalline phase must have a net
dipole moment that can be oriented by applyingleatec field. Dipole alignment occutsy

rotation of molecular segments within the crystadat the main chain.

(a) Before Poling; P=0 (b) After Poling; P#0

Figure 1.8: A diagram of ferroelectric domain stuwe (a) before poling, and (b) after poling.

Polyvinylidene fluoride is a ferroelectric polymedterroelectric materials are classified as
nonlinear dielectrics. This means that when antetefield (E) is applied to the material, the
stored (Q) does not result in a linear response.

1.4 Polymer Crystallization

When a polymer is cooled down from the melt or emated from a dilute solution,
molecules are attracted to each other formingid samhss. In doing so, two arrangements are
possible: first, molecules vitrify, and the randawil and entanglement are frozen; second,
the individual chains are folded and packed in gul@& manner characterized by three

dimensional long range orders. The concept of alysity in polymers must be viewed
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slightly different from small molecules. Normallyystalline domains containing many
imperfections coexist and are connected with dies@d amorphous domains by polymer
chains running through. Consequently crystalling/pers are termed as semi-crystalline
polymers. Polymer crystallization is a relativelpwg process and it occurs over a range of
temperature as contrast to small molecules criéibn. The tendency for a polymer to
crystallize depends on the magnitude of intermdéchonding forces as well as structure
features such as structure regularity, chain fiéibpolarity and size of substituents.

1.4.1 Lamellar Structure

When polymers crystallize from melt or solution, shof cases, it will form thin lamellae
structure as shown in figure 1.9, with a thicknabsut 1004, in which the molecules are
folded back and forth on themselves. The size,eshapd regularity of the crystals depend on
their growth conditions. Such factors as solveampgerature, concentration, and rate of
growth are important. The thickness of the lamellé& instance, depends on the
crystallization temperature as well as any furtmealing treatments. For some polymers, in
order to obtain single crystal lamellar it is dable to have crystallization take place at an
elevated temperature, as close to the melting psnpossible. At these temperatures the

molecules have sufficient mobility to disentanghel gpack into lattice. It is thus desirable to

: £ o ; ﬁ;

Figure 1.9: Optical light image of a PEO singlestay lamellar

1.4.2 Spherulite Structure
Crystallization of many polymers from melt oftersuéis in so called spherulites that are

large enough to be observed in optical microscésythe name suggested, they are in the
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spherical shape. Polymer spherulites are not sicnyigtals, but contain both crystalline and
amorphous domains.

One unique feature of polymer spherulites is theated Maltese cross as shown in figure
1.10. The origin of the pattern is from anisotropature of polymer optical properties. There
is a difference in the refractive index along pogynehain direction and the perpendicular
direction. When a light passes a polarizer and melyspherulites, it becomes out of plane

and thus appears dark after come out from the slggolarizer ad =0° and 90°.

image of spherulite
maltese cross pattern

analyzer

crystalline
polymer

polarizer

unpolanzed
light source

Figure 1.10: Polarized light microscopy (PLM) expeental set up

1.4.3 Shish kebab Structure

Polymer shish kebab crystals were formed underrdiedd in melt or solution state. It was
first observed in 1960s by Pennir{§$. His electron micrograph in figure 1.11 shown below
cleared showed the structure of flow-induced PBlskebab crystals. A shish-kebab polymer
crystal usually consists of a central fibril (shishnd disc-shaped folded-chain lamellae
(kebab) oriented perpendicularly to the shishs fenerally understood that the shish of these
crystallites was formed by crystallization of fukbyretched or extended chains. The kebabs
are believed to be folded-chain lamellar structufidse growth direction of the kebabs is

normal to the shish. The chain alignment in theakshis parallel to the shish.
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Figure 1.11: Electron micrograph and schematshigh kebab structure.

1.5 Polarization Process for PVDF

The most common method for obtaining macroscopigadlar films in PVDF involves first

mechanical extension and then electrical polindessribed by the figure 1.12:

Melt soliditisd PVFy

Spherulites
of the
nonpolar
a-phase

Mecharical
extension (~300%]

Uniaxially oriented P¥Fa

Criented
molacules
of the pclar
B-phase

Random dipale directions

Electrical
poling

Polarized PVFz fiim

SeClectric fleld dir.
}"{i‘l Stretch dir.
2l Tranaverse dir. i

b Dipcles normal to film

Oriented
moleculas
of the polar
B-phase

Figure 1.12: Representation of the processes catyremployed to obtain piezoelectrically
active PVDF films.
Mechanical drawing causes a breakdown of the algpherulitic structure into an array of

crystallites whole molecules are oriented in theeation of the force. At high temperature
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(~150°C) deformations, the original TG+TG- chairs fyee to slide past each other without
altering their conformation, so that the resultisigucture still remains the - phase.
However, a deformation at low temperatures (~ 90f&ults in a molecularly oriented
morphology belonging t@ - phase[6]. However, as seen from the figure 1.12 above, the
dipole vectors are still not uniquely oriented Wigt randomly in planes normal to the
molecular chains. Thus it is required to align ¢hdgoles in the direction of an externally

applied field normal to the film.

ta*ttg” All=trans

Figure 1.13: Schematic depiction of the two moshewn chain conformations of PVDF
crystals: (a) TG+TG- (b) TTTT. The arrows indicéte projections of the GHlipole
moments in the plane containing the carbon backbone
It has also been shown that the anisotropy disap@ediigh poling fields, that dipoles are, in
fact, reoriented during application of an elecfiield, and that other typical phenomena
accompanying ferroelectricity — hysteresis loops &urie transitions — are also seen in
PVDF[7].
A common method of poling is to apply a static #iedield on the order of 0.5 MV/cm at
approximately 100°C with a low current, high vokaQC power supply for up to one hour;
this is called thermal poling as shown in figur&4l.Commercially available PVDF films,
however, are typically poled via corona poling fig8 because this technique is amenable to

mass production and results in a product with aenstable polarization over time. In this
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process, a corona discharge caused by a high ieléetd, ionizes the air surrounding a

grounded sample; these ions deposit and creatdemtf@ across the sample resulting in

poling.
Wire Electymde

1+l.q.l..|.l.++'r
I TAEEE TEW
ﬂ;ﬂ ® oo oo

Palymer Fim | | neigr |

Eloctrads

Pediymer Fling

Heater |

Hagler

fi- Therma Pollig i Corona Poling

Figure 1.14: Types of polymer poling

1.6 Dielectric and Polarization in Polymers

Polymers are dielectrics, and dielectric matermale insulating materials. The dielectric
constant of a material is defined as the ratiohef ¢apacitance of a condenser containing a
material to the capacitance of the same condenglkowt that material (under vacuum) as
shown in figure 1.15. The capacitance of a condemsasures the ability of a capacitor to

store charges.

+ 4+ + 4+ 4+

Vacuum

l Dielectric

Figure 1.15: (a) Surface charge on a condensenaithum, and (b) Surface charge on a
condenser with dielectric material.
The dielectric constant of the material depends tbe material’'s polarization; the

displacement of the charge by applying the eledieid is called “polarization”. The higher
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the polarizability of the molecules, the higher tielectric constant. For many dielectric
materials, polarization is proportional to elecfredd through Equation.

P—-s(e -1)E,
Where P is the polarization in C/fa ¢ o is permittivity of the vacuum in F/mg' is the
dielectric constant, andp is the applied electric field in V/m.
Polarization mechanisms have several types disdussew:
There are four different types of polarization megism that can affect the dielectric
constant and dielectric loss of the material: etegt polarization, atomic polarization,
orientation polarization and interfacial polaripat In a given dielectric material, the total
polarization is a sum of all the polarizations fa#sg from each one of them.
The polarizability of non-polar molecules ariseonfr two polarization mechanisms,
electronic and atomic. While in polar molecules elep on dipolar and interfacial
polarization mechanisms.
Electronic polarization mechanismoccurs at the molecular level and arises fromith gh
the center of mass of the negative electron chalged surrounding the positive atomic
nucleus when an electric field is applied, as shawfigure 1.16. This charge displacement
acts to neutralize part of an applied field. The£ws in materials where the structure is
formed from the molecules of different atoms witiffestent electro negativities. Forming
molecules of different types of atoms, resultshe tlisplacement of their electron clouds
towards the stronger binding atom. This shift @& électron cloud results in change of atoms

polarity, whose equilibrium position is further ctged when electric field is applied.

No Field Field Applied
- —
i H\I —
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_,.-"'-- \ - .-"-F-_--\--‘{;/Jlk_-rj
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)] ®) )
) . J
x\x i . -~
— E—

Figure 1.16: Effect of electric field on electromiclarization
Atomic polarization mechanismoccurs due to the shift of the atom itself, ani itisually
due to the deformation of positive and negativarastainder the force of the applied field.

Figure 1.17 is a schematic diagram of the atomiarpzation.
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No Field Field Applied

.‘.
/‘ ) (3 ~)
Figure 1.17: Effect of electric field on atomic pokation

Dipolar polarization mechanism, also known as orientation polarization, occurs nvhe
applying field to a randomly oriented dipolar m&érin which the applied field cause a net

orientation parallel to it, as illustrated in figut.18.

No Field Field Applied
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—
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Figure 1.18: Effect of electric field on dipolarlanzation
Interfacial polarization, also known as ionic relaxation, is comprised aficoconductivity
and space charge relaxation. lonic conductivitydpmeinates at low frequencies and
introduces only losses to the system. Interfacidxation occurs when charge carriers

become trapped at interfaces of heterogeneous nsystéd schematic of interfacial

polarization mechanism is shown in figurel.19.
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Figure 1.19: Effect of electric field on interfacpolarization
Electronic, atomic, and orientation polarizatiore all due to the charges that are locally
bound in atoms, molecules, or the structures afisa@nd liquids. In addition to that, charge
carriers usually exist that can migrate for sonstagice through the dielectric material. When
the charge carriers are impeded in their motiotheeibecause they become trapped in the

material or at an interface or may be because ¢hayot be freely replaced at the electrodes,
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space charge and a macroscopic field distortionltteBhis kind of distortion appears as an
increase in the capacitance of the sample and magdistinguishable from the real rise of
the dielectric constant. Free charge carriers riiggahrough the crystal under the influence
of an applied field may be trapped by a defecef@mple lattice vacancies, impurity centers,
dislocations. The effect of this will be the creatiof a localized accumulation of charge that
will induce its image charge on an electrode amnge giise to dipole moment, which
contributes to the interfacial polarization.

It is worthy to mention that dielectric propertieghly depend on temperature. Electronic
polarization is not dependent on temperature asskifé of mass of the negative electron
charge cloud around the nuclei is not affected.e@ation polarization depends on
temperature since the ability to align and to e&dipole is temperature dependent because
the mobility of dipoles is influenced by temperatand also because the thermal fluctuations
resist the influence of the field in aligning dips! Orientation polarization drops rapidly with
further increase in temperature because the inersasemperature reflects increasing the
energy associated with the thermal motion (kT),alvhbpposes the alignment of dipoles in
the field. Interfacial polarization is temperatudependent because charge mobility is
temperature dependent.

Each dielectric mechanism effect has a charadteristaxation frequency. As the frequency
becomes larger, the slower mechanisms drop offiefectric permittivity spectrum over a
wide range of frequencies includes the real andjinzay parts of permittivity are shown in
figure 1.20. Electronic and atomic polarizationsediw the inertia of orbiting electrons,
known as the inertia effect, have a small magnitedeept at the resonant frequency.
Electronic polarization occurs at a characterigtéguency of about ¥ Hz and atomic
polarization occurs at about fHz. Lower frequencies of Each dielectric mechanésfact
has a characteristic relaxation frequency. Eleatr@nd atomic polarizations due to the
inertia of orbiting electrons, known as the inedféect, have a small magnitude except at the
resonant frequency. Electronic polarization ocaira characteristic frequency of about®10
Hz and atomic polarization occurs at abouf#a.
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Figure 1.20: Frequency response of the dielentgchanism.

1.7 Electric conduction mechanism in polymers

Normally, at the low electrical fields, it is fourmt assumed that the conduction of electrical
current in polymers and insulators is ohmic. Howgwke polymers electrical properties
change when subjected to higher electric fields &mmhperature for long time. The
conduction and storage of charge in polymers dependot of material parameters such as
crystallnity, cross linking and additive8]. The electrical conduction mechanism in
composites is complicated. The classical conductind transport mechanisms found in
conductors and semiconductors are not found inrpefg. This is due to difference in
morphology and chemistry of the polymer. Consedyedifferent mechanisms operate.
Charge injection from electrodes into polymerspsrand volumetric conduction, tunnelling
and hopping conduction were found to play an imgdrtrole in conduction and charge
transport in polymers. Electric conduction may éfiere depend on material preparations and
their thermal history and it becomes very difficialtdetermine the conduction mechanism. In
general, electric conduction may occur throughrimement of either electrons (holes) or
ions. The steady state conduction current in coitg®ss controlled by either electrode or
bulk processes. Usually, more than one mechanisypnaparate at the same time, but only

one is dominat.
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CHAPTER 2
LITERATURE REVIEW

Poly (vinylidene fluoride) (PVDF) is one of the sermrystalline polymers with at least four
crystalline forms referred to as 3, y and delta phase, among which fliphase has gained
substantial importance due to its advantageous-pgmnd piezo-electric propertig8]. It
requires a better method to induce the formatiof-phase crystal in order to improve the
physical properties of PVDIB-phase is not usually obtained by crystallizatimmf the melt,
but it is normally obtained by various methods unithg tensile deformation and uniaxial
compressional deformation of a phase, quenchingaanéaling proceq40], by applying a
strong electric field and crystallizing from solutiwith appropriate conditiorj&1].

B-phase can also be induced by using different kihdolvents. There is a strong effect of
solvent molecules with poly (vinylidene fluorideP(DF) chains on the structure and
crystallization behaviour of PVDF in films obtainég solution casting. In a single solvent
system, the film cast from the good solvent of NiNethylformamide (DMF), showed
dominantly B-phase crystals with the highest PVDF crystallrn®p.6%) and the largest
spherulite size, about 4 mm, at the top surface Jamples deposited from good swelling
agents, such as tetrahydrofuran (THF) and metlmyll &etone (MEK), exhibited mainly the
original a-phase with some amount @fphase crystals; the crystallization behaviour tred
morphology of the surface were similar to the orayi PVDF resin, because of the only
partially dissolved PVDF chains in these two sotsenin a mixed solvent system
(THF/DMF), thep- phase formation with linearly increment in the BMontent resulted in
the clear spherulitic structure with higher peregetoff phase. Surface of the film deposited
by such mixed solvent systems consiste@-a§pherulites with average size of about 3 mm,
which were smaller than those grown from pure DMiecause of the increased
crystallization rate in the mixed solvda®].

The altering and enhancement of the polymer’s ptasecan tailored through doping with
various nano-fillers such as metals, semiconductorganic and inorganic particles,
transition metal halides and fibres, as well abearstructures and ceramics. Such additives
are used in polymers for a variety of reasmush as their extraordinary mechanical,
electronic, and optical properties. PVDF and itpatpmers have attracted more attentions

for their broad applications in piezoelectric feectric and electromechanical applications.
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By doping ceramic, semiconductor, metal, metal exahd carbon nanotubes components,
the dielectric constants of the PVDF compositesevadso enhanced. However the polymer,
which was filled with much ceramic, semiconductoetal, loses its flexibility and limits its
use for technological applications.

At the same time the uses of metal salt has beeonte the important prospective, widely
used to increase thgphase crystallinity of PVDF and consequently emeathe physical
properties. The use of metal salt is cost effectiwvethod with simple mythology (for
solution-cast films]3].

In the past few years some reports have been agpéarthe literature, suggesting about

induction ofp-phaseand its application as a composite systems fomiegieal applications.

In this path way Youn et al. in 2008 presente@g@ort on metal Salt-Induced ferroelectric
crystalline Phase in Poly(vinylidene fluoride) fénas an effect of varying mass fractions (0—
20 wt.-%) of calcium chloride (Cag}lsalt on then- and-phase content of (PVDF) as-cast
films. Their finding shows that higher percentaddesroelectrich-phase for 15 wt percent
CaCl loaded PVDF composite film as compared to neat PYE)H he filling level (W)
dependence of the local structure of Mn@irough the PVDF matrix was explored by
Tawansi et al. in 199813]. In 1999 Tawansi et al. reported a report on Poly (ideye
fluoride (PVDF) films, filled with various mass fraons (v = 15%) of MgC}. The effect of
crystalline and electronic structural variationsiedto filling level, on the d.c.- electric
conduction was investigatgil5]. Consequentlyfawansi et al. in 2003 reported the effect of
CuClk and CoC] mixed fillers on the physical properties of PVDiME. Their results
suggesting that the crystallinity of PVDF phaseisreases as the concentration of filler
increased16]. With the continuous growth of the field Abdelazizad. presented a report
discussing about the effect of equal amounts of &md Co on the microstructure and
physical properties on the PVDF filni{d7]. Ferroelectric properties of PVDF such as
ferroelectric polarization switching, phase traositstudies also be studied with different
nitrate salts such as KNONaNG;, CsNQG; [18-20]. Poly (vinylidene fluoride) (PVDF) films
filled with mixed fillers of CuC—MnCl, were reported by Abdelaziz et al. in 2q@4]. Poly
(vinylidene fluoride) (PVDF) film filled with caleim carbonate (CaCGp were also
introduced to the field22]. The effect of alkali metal salts on the structund anorphology
of PVDF films also investigated by Wang et al. 602[23-24].
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2.1 GAP IN STUDY

Poly (vinylidene fluoride), is a polymer that hasel studied for over four decades due to its
stability and durability in various environments/[PF Poly (vinylidene fluoride) is main
material of interest due to its piezo and ferrogiecproperties. The extensive literature
review gives an idea that the physical propertiepalymer can be enhanced by mean of
adding nanopatrticles, carbon nanotubes and mdtalvgaere the concentration can be varied
and optimize to understand the physical structaral chemical properties of the composite
system. The relationships between structure andigdlyproperties of PVDF/MWCNT have
been discussed earlier and well documented initér@ture facilitate various applications in
diverse fields. The use of metal salt in PVDF aspéised medium in the mixed solvent
system can be used to increase the crystallinity\dDF (for longer retention time and
fatigue characteristics) and surface morphology rgduce electrical shortage). Such
transitions metal salt (TMS) filler can be loaded the PVDF matrix up to higher
concentrations, which can enhance the physicalgpties of composite systems. This can
serve as predominant candidates for electroniciagmns and will also be the scope of

future research.

2.2 AIM OF WORK AND OBJECTIVE

The main objective of our study is to produce ame¢estigate metal salt dispersed PVDF
composites. The study will be focused on the exatiin of the structural and physical

thermal and electrical properties of polymer conitess

The main objectives of study are:

1) Synthesis of metal salt dispersed PVPPphase in mixed solvent system.

2) Structural, morphological, chemical and thermallysia of metal salt dispersed

PVDF composite

3) Investigation on electrical properties of metat sabdified composite system.
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CHAPTER 3
EXPERIMENTAL

3.1 Materials

The materials used in this study were poly (vingtid) fluoride PVDF (pellet) having typical
My=530.000 (Aldrich), Zinc Chloride (Dry) W136.29 (Lobachemie), Cupric Chloride
(Dihydrate) CuCGl.2H,O M,=170.48 (Lobachemie), Nickel Chloride extra pure
(Hexahydrate) NiGI6H,O M,,=237.69 (Lobachemie). The solvents used duringh®gi$
tetrahydrofurane (THF), O (M,=72.11 stablized) (S.D.fine-chem Ltd), N,N-
Dimethylformamide DMF, eH;NO (M,=73.09) (S.D.fine-chem Ltd) and N,N-
Dimethylacetamide DMA, @HgNO (M,,=87.12) (Lobachemie). All the materials were used
as received without any further purification.

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

The glass wares (three necks round bottom flaslasoméng cylinder, and beaker) were first
cleaned and rinsedith distilled water and then dried in vacuum ovafi.the materials and
solvents are weighed with help of electronic weighbalance and mixed in cleaned round
bottom flask. A 100 ml three neck flasks is charggtth poly (vinylidene fluoride) dissolved
in THF/DMF mixture with 5:5 mass ratio. The rea¢tawere refluxed at 6C with gentle

stirring for 3h on hot plate.

Figure 3.1: Experimental set up for the sample gragon

After stirring for 3h, reaction mixture is allowéal cool toroom temperature. The transparent

solution is cast on glass substrates by spin apaiml rest of the solution poured into beaker
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to prepare bulk film. The residue of THF and DMFsvadlowed to evaporate in air for about
one week at room temperature. Free standing thims f{thickness ~ 5-1um) on glass

substrate were formed at the end with the comgiedgoration of solvents.
3.2.1 Chemical composition

Table 3.2.1 THF: DMF (5:5)

Sr.No. Chemical name Chemical formula Quantity of

Material used

1. Poly(vinylidene fluoride) (PVDF) -( CHCF;)- 19
2. Tetrahydrofurane (THF) g0 5ml
3. N, N-Dimethylformamide (DMF)| ¢H;NO 5ml

3.2.2 Spin coating

Spin coating is the preferred method for depositanthin and uniform films on flat
substrates. In the typical procedure the apprapaatount of polymer solution is poured in
the center of the substrate.

Figure 3.2: Spin coating unit for depositing thMD¥F composite films

The substrate is then rotated at high speed inr dedspread the fluid by centrifugal force.

Rotation is continued for some time, with fluid hgispun off the edges of the substrate, until
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the desired film thickness is achieved. The solientisually volatile, providing for its

simultaneous evaporation with the passage of time.
3.2.3Cell preparation for dielectric studies

Dielectric measurement of thin film samples areaiedrout by depositing thin film on ITO
coated glass substrate by spin coating unit thedveiahed by another ITO coated glass plate
followed by sealing and electrical connection witldium. The detailed description of cell

preparation shown in the figure 3.3.

ITO coated

Polymer \:'/

Clippers

Figure 3.3: Schematic of sample preparation folediec studies.
3.3 Polymer-Composite preparation

In order to prepare composite system the first tegame as the synthesis of PVDF samples.
In second step, an appropriate amount of metal Galth is added to mixture of
poly(vinylidene) fluoride and organic solvent N,Nvethylformamide (DMF) and
tetrahydrofuran (THF). After refluxing the mixtuag¢ 60°C for 3 h the appropriate amount of
metal salt was dispersed in the system. Then thei@o was set for sonication for 1 h. The
final mixture was further treated for making ofrthilm and bulk films by using various

techniques i.e. Spin Coating and Solution Cast btth
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The residue of DMF and THF is allowed to evaporiatair for about a week at room
temperature. Free standing thin films (thickne€s #um) on glass substrate and bulk film
(thickness~ 1-1.5 mm) were formed at the end whersblvent was completely evaporated.

The same procedure was followed for rest of thegalts NiC} and ZnC}.
3.3.1 Chemical Composition

Table 3.3.1: Material taken for PVDF-CuCl, composite (0.5wt%, 1wt%, 3wt%, 5wt%,
10wt%, 15wt%, 25wt %).

Sr.No. Chemical name Chemical formula| Quantity of Materialused
1. Poly(vinylidene fluoride) -(CH-CR, )- 1g

(PVDF)
2. Cupric Chloride CuGl 0.5,1, 3,5, 10, 15, 25 wt%
3. Tetrahydrofurane (THF) 450 5mi
4, N, N-Dimethylformamide CsH/NO 5ml

(DMF)

Table 3.3.2: Material taken for PVDF-NICl, composite (0.5wt%, 1wt%, 3wt%, 5wt%,
10wt%, 15wt%, 25wt %).

Sr.No. Chemical name Chemical formula| Quantity of Material
used
1. Poly(vinylidene fluoride) (PVDF) -( CH,-CF; )- 19
2. Nickel Chloride NiCl 0.5, 1, 3,5, 10, 15, 25
wt%
3. Tetrahydrofurane (THF) M0 5ml
4, N, N-Dimethylformamide (DMF) €H;NO 5mi
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Table 3.3.3: Material taken for PVDF-ZnCl, composite (0.5wt%, 1wt%, 3wt%, 5wt%,

10wt%, 15wt%, 25wt %).

Sr.No. Chemical name Chemical formula| Quantity of Materialused
1. Poly(vinylidene fluoride) -( CHx-CR,)- 19

(PVDF)
2. Zinc Chloride ZnGl 0.5,1, 3,5, 10, 15, 25 wt%
3. Tetrahydrofurane (THF) 50 5ml
4, N, N-Dimethylformamide CsH/NO 5mi

(DMF)

3.4 Synthesis of-phase using THF/DMA

We also synthesized tffiephase using another solvent N, N-Dimethylacetar{iddA) in

the mixed solvent system. For this we choosedbe doncentrations of THF/DMA as 9:1,

8:2, 7:3 and 5:5. The procedure was same as icate of THF/DMF-.
3.4.1 Chemical composition

Table 3.4.1: Sample 1 THF/DMA (9:1)

Sr.No. Chemical name Chemical formula Quantity of
Material used
1. Poly(vinylidene fluoride) (PVDF) -( CHCF;)- 19
2. Tetrahydrofurane (THF) g0 oml
3. N, N-Dimethylacetamide (DMA)| £EigNO iml

Table 3.4.2: Sample 2 THF/DMA (8:2)

Sr.No. Chemical name Chemical formula

Materiel taka

1. Poly(vinylidene fluoride) (PVDF) -( C#CF)-

19
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Tetrahydrofurane (THF)

#&g0

8ml

N, N-Dimethylacetamide (DMA)

A1NO

2ml

Table 3.4.3: Sample 3 THF:DMA (7:3)

Sr.No. Chemical name Chemical formula Materiel take
1. Poly(vinylidene fluoride) (PVDF) -(CHCF;)- 19
2. Tetrahydrofurane (THF) 50 ml
3. N, N-Dimethylacetamide (DMA)| £EgNO 3ml

Table 3.4.4: Sample 4 THF:DMA (5:5)

Sr.No. Chemical name Chemical formula Materiel take
1. Poly(vinylidene fluoride) (PVDF) -( CHCF;)- 19
2. Tetrahydrofurane (THF) A0 5ml
3. N, N-Dimethylacetamide (DMA)| £EisNO 5ml
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A flow chart for the experimental work which is lfmied for the preparation of samples is

shown.

FLOW CHART

<:I<:

SONICATION FOR 1 HOUR
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3.5 Characterization techniques

The structural, morphological, chemical analysishygical, thermal and dielectric
measurements of the PVDF films characterized bygusiarious experimental techniques
including Olympus optical polarizing microscope,ufer transformation IR Spectroscopy,
X-ray diffraction (XRD), Scanning Electron Microscope (SEM), diffeiah scanning
calorimetery (DSC), LCR meter (frequency range 5@1tMHz). The general description of
the experimental setups used in this study, as asltonditions and parameters of each

experiment are the purpose of the following section

3.5.1 Fourier transformation IR spectroscopy

FT-IR stands for Fourier Transform Infrared, thefprred method of infrared spectroscopy.
FTIR is an analytical technique used to identifgaic (in some cases inorganic) materials.
This techniqgue measures the absorption of infraagldation by the sample material versus
wavelength. The infrared absorption bands idemtiffecular components and structures. IR
radiation is passed through a sample. Some of rifraréd radiation is absorbed by the
sample and some of it is passed through (transhhiti&hen a material is irradiated with

infrared radiations, absorbed IR radiation usuakgites molecules into a higher vibrational
state. The wavelength light absorbed by a particaialecule is a function of the energy

difference between the at-rest and excited vibnafiostates. The wavelengths that are
absorbed by the sample are characteristic of itkeentar structure. This makes infrared

spectroscopy useful for several types of analysis

Figure 3.4Fourier transforms infrared spectrometer (FTIR)
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Typical applications

» Identification of foreign materials

+ Particulates

* Fibers

* Residues

» Identification of bulk material compounds

» Identification of constituents in multilayered miaads

» It can determine the amount of components in aurixt

3.5.2 X-Ray Diffraction

An x-ray diffraction technique is a non-destructie@alytical techniqyewhich reveal
information about the crystallographic structurehemical composition, and physical
properties of materials and thin films. These tégies are based on observing the scattered
intensity of an X-ray beam hitting a sample as lacfion of incident and scattered angle,

polarization, and wavelength or energy.

e \

Figure 3.5X- ray Diffractometer

X-ray diffraction (Panalytical X'Pert) is an expexental technique that exploits the fact that

x-rays are diffracted by crystals. X-rays have gheper wavelength (in the Angstrom range,
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~ 108 cm) to be scattered by the electron cloud of amatf comparable size. Based on the
diffraction pattern obtained from X-ray scatteriofythe periodic assembly of molecules or
atoms in the crystal, the density can be reconsduddditional phase information must be

extracted either from the diffraction data.
3.5.3 Wide angle X-ray diffraction

Wide angle X-ray diffraction (WAXD) is an X-ray diiaction technique that is often used to
determine the crystalline structure of polymersisTtechnique specifically refers to the
analysis of Bragg Peaks scattered to wide anglbghw(by Bragg's law) implies that they

are caused by sub-nanometer sized structures.

Wide angle x-ray scattering is the same techniqu8raall-Angle X-ray Scattering (SAXS)
only the distance from sample to the detector @teh and thus diffraction maxima at larger
angles are observed. The diffraction pattern geeeérallows determining the chemical
composition or phase composition of the film, teetare of the film (preferred alignment of
crystallites), the crystallite size and presencdilof stress. According to this method the
sample is scanned in a wide angle X-ray goniomatat,the scattering intensity is plotted as
a function of the @ angle. When X-rays are directed in solids they sdghtter in predictable
patterns based upon the internal structure ofdhd.sA crystalline solid consists of regularly
spaced atoms (electrons) that can be describechagimary planes. The distance between
these planes is called the d-spacing. The intensitythe d-space pattern is directly
proportional to the number of electrons (atoms) #na found in the imaginary planes. Every

crystalline solid will have a unique pattern ofghksing (known as the powder pattern).

monochromator 1 3 A8
/j‘l/ — ::_
X ray ﬂ
L
source beamstop
' specimen

(powders, plates, fibers ...} detector

e.g. 20 sensitive

X-ray béam

Figure 3.6: wide angle x-ray diffraction
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3.5.4 Optical polarizing microscopy

The optical studies observed in pure PVDF, and Ims#d#t dispersed PVDF systems
investigated using an Olympus optical polarizingmnmscope at a magnification of 10X under
crossed polarizer using long working distance dbjeclens. A block diagram of

experimental set-up for the investigation of ogtitextures, dielectric studies and other

parameters are shown in figure 3.7.

RS 232
Computer
— CCD (Olympus DP 12) / PMT
Fluke LCR meter Polarizing
PM6306 Microscope
BX51P
4g¥'\ Sample Cell
Hot S_F“ge Linkam Temp.
THMS 600 Controller
TP 94

Figure 3.7: Block diagram of the experimentalgeto study the morphological behavior.

Figure 3.8: Optical Microscope and temperature rodier
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In dielectric studies, we used Linkam temperatuegmammer TP94 and ht stage THMS
600. The TP94 is specifically designed for predemperature control of the Linkam

heating/freezing stages. The stage sensor is iidit@earized to give accurate temperature
readout, the controls and their functions have besmefully chosen for simple and easy
operation. The temperature range is -196°c to 6(@&ating or cooling rates can be changed
almost instantly using the three rate keys. The reages are from 0.1 to 0.9°c/min at 0.1

degree intervals from 1.0 to 9.0°c/min at 1.0 degn¢ervals.
3.5.5 Differential Scanning Calorimetry

Differential Scanning Calorimetry (DSC) (LINSIS 13pis a thermal analysis technique used
to study the thermal transitions in polymers, saslthe melting point temperaturey, Tand

the glass transition temperaturg, Two pans sit on a pair of identically positiorgdtforms
connected to a furnace by a common heat flow gadta.polymer sample is placed in one pan
while the other is used as the reference pan.Wbeans are then heated or cooled until they
reach the selected starting temperature. A tygeraperature program is set to increase the
temperature at a fixed rate. As the program ruressystem monitors the temperature of each
pan and keeps the heating rate constant througheuéxperiment. It is important for the
system to keep the two separate pans heated aathe rate. The pan with the polymer
sample will take in more heat to keep the tempeeatii the sample pan increasing at the
same rate as the reference pan. If the temperdiifiees from the programmed temperature
in either pan, the pan is heated or cooled to keepnstant temperature. The difference in the
energy supplied to the two pans per unit time (gdg&lproportional to the heat capacity of

the sample.

Furnace

Reference Pan  Sarmple Pan
J Polymer

iy

L |

1
Thermocouple HMeasurement

Figure 3.9: Block diagram of Differential Scanni@glorimeter
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3.5.6 Scanning electron microscope

The scanning electron microscope (SEM) is a typele€tron microscope that images the
sample surface by scanning it with a high-energgnbef electrons in a raster scan pattern.
The electrons interact with the atoms that makéhepsample producing signals that contain
information about the sample's surface topograpbgnposition and other properties such as

electrical conductivity.

Figure 3.10: Scanning electron microscope

The types of signals produced by an SEM includeors#ary electrons; back scattered
electrons (BSE), characteristic x-rays, light (cabluminescence), specimen current and
transmitted electrons. These types of signal ajuire specialized detectors that are not
usually all present on a single machine. The sgnadult from interactions of the electron
beam with atoms at or near the surface of the saniplthe most common or standard
detection mode, secondary electron imaging or $ii#, SEM can produce very high-
resolution images of a sample surface, revealingildeabout 1 to 5 nm in size. Due to the
way these images are created, SEM micrographs daesy large depth of field yielding a
characteristic three-dimensional appearance usafulnderstanding the surface structure of
a sample. A wide range of magnifications is possiblom about X 25 (about equivalent to
that of a powerful hand-lens) to about X 250,008 250 times the magnification limit of

the best light microscopes.
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The block diagram of SEM set up is shown in therég3.11.

Electron gun —U

ANoHe—— —

I: | B —Firsl Condensor
T Lens

ol |

j == Final Condensor

. Lens

, — Bpecimen

Figure 3.11: SEM Setup

Magnification in a SEM can be controlled over agamf up to 6 orders of magnitude from

about X 25 to X 250,000 Unlike optical and transsiua electron microscopes; image

magnification in the SEM is not a function of thewer of the objective lens. SEMs may

have condenser and objective lenses, but theitiimts to focus the beam to a spot, and not
to image the specimen. Provided the electron gargeaerate a beam with sufficiently small

diameter, and SEM could in principle work entir@jthout condenser or objective lenses,
although it might not be very versatile or achigeey high resolution.

3.5.7 Dielectric measurements

The dielectric measurements were carried out uaipgogrammable automatic RCL meter
(FLUKE PM 6306) in the frequency range 50Hz to 1MHhe cell was calibrated using air

and benzene as standard references. The frequewkcyias dependence of the real and
imaginary parts of the complex dielectric permityivhave been studied in detailed at

different temperatures. The dielectric propertiéshe PVDF/Transition metal salts were

taken at off voltages.

36



. _ t%t T

pishis W
Py

Figure 3.12: LCR Meter
Dielectric spectroscopy technique measures theedtied properties of a medium as a
function of frequency. In the case of polymeric imed dielectric spectroscopy is a powerful
technique that is capable of probing the molecalation and the electric properties. The
dielectric constant or relative permittivity of aatarial is the ratio of the dielectric constant of
the material to that of vacuum. The capacitancesomesa the extent to which charge can be
stored.

The complex dielectric properties, the relativenpiétivity (¢') and the loss factore() are
determined by scans as a function of frequencytamperature. The displacement of the

charge by applying the electric field is called Iqization”. The dielectric properties of a

&
material are defined by a complex dielectric petimity, ©
%
e =g’ +ig”
Where ¢’ is the dielectric constant of the material, alstown as the relative dielectric
permittivity, and it is used to define the abildfthe material to store electrical chargeis

the imaginary part, which is related to the matdoss and known as the dielectric loss.
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Chapter 4
Results and Discussion

This chapter summarise the chemical, structuralrphmiogical, electrical, thermal and
dielectric, investigations, with the scope of ursi@nding how mixed and pure solvent affect
the formation of crystalline phase of PVDF in thiinity of TMS. The preliminary
confirmation of crystalline phase has been dona Wwdurier transform infrared spectroscopy
(FTIR). While further structure evaluated with X3Rdiffraction analysis. The calorimetric
transitions were carried out to understand theatian of thermodynamical variable in these
systems and their effect on the physical properidslectric and electrical properties of
these systems were performed to identify how théahsalts tailor the physical properties
which may produce better prospective for technalaigapplications. The SEM observation
gives an idea about the surface morphology, deasityporosity of the metal salt dispersed
PVDF films which may play vital role to enhance tphysical properties. Finally we
summarise at the end, the main conclusions obtdinedthese observations.

4.1. Chemical analysis
To identify the crystalline phase of pure PVDF &@uwCh, NiCl,, ZnCkL dispersed composite

films were scanned with IR spectrometer in the ea#@0 cnif to 4000 cmi’. Figure 4.1 (a)
displayed FTIR spectrum of the pure (5:5) THF: Dt CuCj (x=0.5, 1, 3, 5, 10, 15, and
25 wt %) dispersed composite films derived from exixsolvent system.

CuCl, dispersed PVDF
| 2 A 2
15%
Show
g 5%
Bl A —————_—
": 1%
W
Il Il Il Il
1000 900 800 700 600 500 400

Wavenumber (cm™)

Figure 4.1 (a): FTIR spectra of PVDF-Cuy@ispersed composite films at different
concentrations(x=0.5, 1, 3, 5, 10, 15, and 25 wtés}ed from the mixed solvent solution
(5:5 THF/DMF).
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The peaks at 510 cth.and 845 cnt, belonging to the-phase having all-trans (TTTT)
molecular conformation (a planar zigzag structane) assigned to CF bending and wagging
modes. With the addition of the varying amountrahsition metal salt Cugin the PVDF,
the characteristic peaks afphase distinctly weakened, and the intensit$-phase related
bands increased significantly up to 3wt%. ThoudHhigher TMS concentration thephase
content decreased. Nevertheless, it is clear tieadddition of metal salt may have invariably
promoted the nucleation @fphase in PVDF up to a critical filling level, thglu the reasons
behind the reduced rate with further addition ofahealt may attributed to the higher density
of metal salt which hinder the nucleation of crilsta phase.

In the similar way FTIR spectrums of NiKIPVDF composite films are presented in the
figure 4.1 (b).

MI, dispersed PVDE

15%
10% N~

5%
3% [\ _/_——-A/"
1%

0.5% N\~

Transmittance(%9

Pure

L i i L i L i L i
1000 900 800 700 600 500 400
Wavenumber (cm™)

Figure 4.1 (b): FTIR spectra of PVDF-NyGtomposite films at different concentrations
(x=0.5, 1, 3, 5, 10, 15, and 25 wt %) casted fromrhixed solvent solution (5:5 THF/DMF).
It was noticed that the peaks appeared at 845amresponds to thg-phase of the NiGl
dispersed composite films, exhibiting the same drais CuCl dispersed system (small
decrement in th@-phase content at higher metal salt concentration).

Figure 4.1 (c) shows the FTIR spectrum of Zndikpersed PVDF films. We observed that
small reflection at 510 c.m.and stretch at 840c.thinferring about the formation df-
phase. This system also following the same trekel CuC} and NiCh based composite
films. FTIR analysis inferring about the formatioh f-phase in all the cases at lower and
higher metal salt content. However the percentdgephase decline little bit at higher value
of metal salt in all the cases (C4CNiCl,, and ZnCj).These are preliminary information
which further confirmed with XRD analysis.
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MCIZ dispersed PVDF
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Figure 4.1 (C): FTIR spectra of PVDF-ZnG@omposite films at different concentrations
(x=0.5, 1, 3, 5, 10, 15, and 25 wt %) casted fromrhixed solvent solution (5:5 THF/DMF).

With allowance for the presence of different crifezraphic phases, an attempt has been
made to examine thgphase of PVDF using tetrahydrofurane (THF) as kwgehgent and
dimethyalactamide (DMA) as a solvent. Figure 4.1 gdows the FTIR spectra of solution

cast films derived from mixed solvents with m/m qmsition of THF/DMA at 5:5, 7:3, and

8:2,9:1.
THF:DMA
W

8:2

Transmittance (%9

1000 900 800 700 600 500 400
Wave number (cm™)

Figure 4.1(d): FTIR spectra of PVDF films castezhfrthe mixed solvent solution with
various mass ratio of THF/DMA (5:5, 7:3, 8:2, 9:1).

The bands observed at 510 and 845" amfers to the-phase of PVDF. In all the four
concentrations 7:3 THF/DMA concentration gives maxin amount off-phase. This

implies that highly polar solvents (i.e. the DMAngposition increased) may induce tfe
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phase (TTTT) formation along with small reflectian880 crit indicate small amount of-
phase. The3- andy-phase are the most important phases their highrigability facilitate
many technological applications. These results iooirig that DMA can also be used as
solvent to tune PVDF crystalline phases. ThoughDNA as a single solvent widely used to
drive PVDF crystalline phase, but this is first éimuch phases observed in mixed solvent
with DMA.

4.2. Structural analysis

Wide angle X-ray diffraction (WAXD) technique wasad to identify the crystalline phase of
pure and dispersed PVDF composite films. Figurg [4), 4.2 (b), 4.2 (c)] shows the XRD
patterns of various transition metal salt (Cy®GliCl,, ZnCkL) dispersed as synthesised PVDF

composite films.

. Cu 25%
AN G190
'”WW
MMM

Cu 0.5%

Intensity (a.u.)

" 1 N 1 " 1 " N 1 N 1 " " 1 N
5 10 15 20 25 30 35 40 45 50 55 60
2 Theta (degree)

Figure 4.2(a): X-ray diffraction pattern of PVDIispersed with various mass fractions of
CuCk(x=0.5, 1, 3, 5, 10, 15, and 25 wt %)
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Figure 4.2 (b): X-ray diffraction pattern of PVDREspersed with various mass fractions of

Intensity (a.u.)

Ni 25%
MMWW,,M
M
WWM%JWWM
MMM

Ni 0.5%

5 10 15 20 25 30 35 40 45 50 55 60
2theta (degree)

NiCl,(x=0.5, 1, 3, 5, 10, 15, and 25 wt %).

Intensity (a.u.)

Figure 4.2 (c): X-ray diffraction pattern of PVDksgersed with various mass fractions of

ZnCly(x=0.5,

All the samples were found crystalline in the natas well-defined diffraction peaks are
extended over @ scale up to higher intensity. The peaks obsenwdafl the samples

dispersed with (Cu@| NiCl,, ZnCh) at 2=21° refer to the sum of diffraction planes (110)
and (200) and the peak at 39° refer to the diffoactplane (002). These reflections

correspond to thp-phase ang-phase of PVDF respectively. However, some impyégks

WZnCIZ dispersed PVDF
e NN Zn 25?{&
”M\JW

NW/‘W\—A\“JL_—/\—/\"‘A——/MMP_

Zn 0.5%

5 10 15 20 25 30 35 40 45 650 655 60

2theta (degree)

1, 3,5, 10, 15, and 25 wt %).
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were noticed at higher metal salt concentratiovaise of NiCJ as evident from the figure 4.2
(b). Note that one characteristic reflection @t29° consistently appeared in all the samples.
We fail to index this reflection as it does notrespond to the any phase of PVDF and metal
salt. There is no information regarding this pealnfd in the literature also. XRD analysis,
inferring that the metal salt well dispersed in thatrix of PVDF without disturbing the
structure and also enhancing fheontent in all these composite films.

The temperature and time of crystallization detesrthe presence of predominant phases in
PVDF. The annealing conditions decide the presefhatifferent phases and conversion of
one phase to other phase of PVDF. Thehase, which is important for ferroelectric
applications, has been obtained fromphase by suitable annealing conditions. All the
samples were heated at 90°C to check the effeahéaling on the crystalnity of the pure
and TMS dispersed PVDF composite films. All the ples were found crystalline in nature

as evident from the figure 4.2(d), (e) and (f) withany other phase formation.

WMMU‘CIZ dISPerS'ed PAVDF Cu 259%
Cu 15%

MW»MM%WMW“ m Cu 10%
MWWWWWWWWW
Wm% At il Cu3%
MM%W L
a I Mool

Cu 0.5%

pure

Intensity (AU)

25 30 35 40 45 50 55 60
2 Theta (degree)

5 10 15 20

Figure 4.2 (d): X-ray diffraction pattern of PVDIsdersed with various mass fractions of
CuCk (x=0.5, 1, 3, 5, 10, 15, and 25 wt %) annealeaDacC.
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Figure 4.2 (e): X-ray diffraction pattern of PVDIispersed with various mass fractions of
NiCly(x=0.5, 1, 3, 5, 10, 15, and 25 wt %) annealed)a&C9

TR, MHC!ﬁ dISperhsre‘dM PVDF , Zn 25%
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Figure 4.2 (f): X-ray diffraction pattern of PVDksgersed with various mass fractions of
ZnCl, (x=0.5, 1, 3, 5, 10, 15, and 25 wt %) anneale2DacC.
The well defined peaks observed 6+21° indicative of3-phase of PVDF consistently for all

samples. Simultaneously some impurity peaks haea bbserved at Cu=25% and Ni=25%.
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The diffraction peak att229° also consistently observed for all the samafter annealing.
Although, the intensity of this peak become neglgithan that of as synthesized composite
films. It is interesting to note thatphase eventually disappeared after annealing as no
reflection observed at6239°, which was noticed in as synthesis samplesmFabove
analysis it was concluded that annealing procaseased the crystallnity in composite films
along with the higher percentagefofontent and diffuse other phases.

At annealing temperature 90°C for 5 hours the \sggoof material decreases but still high
enough to prevent the orientation of crystals I €thain mobility increases enough to
reorganize the structure of conformers. Since #¥fjast abovey relaxation temperature the
conversion rate from to f-phase occurs due to motion of conformers withautsaerable
deformation of the crystals. At this temperaturgstallization rate off phase is also higher
among other phases. So after annealing the PVBIs @it 90°C for 5 hours, the increasin
phase has been observed in it. In fhehase of PVDF the long trans zigzag segments are
connected to each other with skew bond or equivtad@uche-trans sequences. It clearly
reflects that the temperature gradient plays ingoantole in the phase change and crystallnity
in PVDF.

Figure 4.2 (g) shows the XRD pattern of solutiostddms derived from mixed solvents with
m/m composition 5:5, 7:3, and 8:2, 9:1.of THF/DMA.

THF/DMA
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Figure 4.2 (g): XRD pattern of PVDF films castedrfr the various mass ratio of THF/DMA
(5:5, 7:3, 8:2, 9:1).

The peak at@=21° indicates the formation of pupephase. In all the four concentrations of
THF/DMA the maximum percentage @fphase is observed for 7:3. These results were in

good agreement with FTIR observation. This implies highly polar solvents (i.e. the DMA
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composition increased) may also induce fighase (TTTT) as well as smaller amount-of
phase as the diffraction peak observedtat32°. The XRD analysis reflects that DMA can
be used as solvent with THF (swelling agent) t@dhe PVDF crystalline phase.

4.3 Conductivity measurement

The conductivity of transition metal salt (CyClZnCh, and NiC}) dispersed PVDF
composite films was calculated and plotted as atfon of temperature in figure 4.3 (a), (b)
and (c).

4.3.1 CuC}-PVDF composite film
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Figure 4.3 (a): Conductivity measurement of PVDFEGsystem with temperature.

From figure 4.3 (@) it is clear that the condudyivincrease with increasing temperature for
all samples. This can be explained with the helpfreé volume theory [25]. As the
temperature increases, the polymer can expandyeasi produce free volume. Thus ions,
solvated molecules or polymer segments can moteetéree volume and hence the increase
in conductivity. The ion transport in polymer/filldepends on the polymer segmental motion
[26].
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4.3.2 NiChb-PVDF composite film
The conductivity variation of NiGldispersed PVDF composite film was shown in figlu@

(b).
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3.50E-0099 —a— Ni 1%

—

.

= ' Ni 5%

£ 1 .
E 2.50E-009 1 "

b 4

..6 4

_§ 1.50E-009 -

S 1.00E-009-

5.00E-010 -

0.00E+000 —_—r

40 60 80 100 120 140 160
Temperature (°c)

Figure 4.3 (b): Conductivity measurement of PVDFENisystem with temperature.

In this case the conductivity does not show argnificant change as system display
decrease in the magnitude of conductance thanothatire PVDF at all concentration near
160°C. This behaviour in these films may attribiot¢he magnetic nature of Nil

4.3.3 ZnCh-PVDF composite film

The variation of conductivity as a function of teenpture for ZnGl dispersed PVDF films
presented in the figure 4.3 (c). The composite dilfollow the same trend as CuCl
conductivity. It was found that the conductance tbé system is increased at lower
concentration and then decline at higher valuerd@flZHowever, the net magnitude remain

higher than that of pure PVDF film.
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Figure 4.3 (c): Conductivity measurement of PVDFREEsystem with temperature.

From the above conductivity analysis it can be aamted that such enhancement in the
conductivity may attributed to the one dimensiophabnon-assisted charge carrier hopping
between poloran and/or bipolaron found state in RMDF. It seems that the physical
properties of the transition metal salt also playital role in conduction process. Such
conducting composite films can be used to manyrelciyical applications.

4.4 Resistivity measurements

The resistivity of the synthesised sample as atfomof different concentration of Cugl
NiCl, and ZnC} metal salt were characterized in order to undedsthat exact mechanism of
conduction or support the conduction in these syste

4.4.1 CuC}-PVDF composite films

Figure 4.4 (a) displaying the variation of resigyivof CuChL dispersed PVDF composite
films as a function of temperature. It was foundttihe resistivity of thin films was
maximum at lower temperature and become minimum medting transition of PVDF. We
observed that the resistivity at lower value of Gu&as maximum and then decline at higher

concentration in lower temperature region.
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Figure 4.4 (a): Variation of resistivity of PVDF-Ci3 system with temperature.
However, higher temperature zone resistivity shaveximum magnitude for 5 wt%. These
results were also supporting the conductivity obestgons.

4.4.2 NiCb-PVDF composite films
Figure 4.4 (b) presenting the variation of resistiof NiCl, dispersed PVDF composite films

with temperature.
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Figure 4.4 (b): Variation of resistivity of PVDF i8I, system with temperature
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These films showing same trend as Gudispersed films. It was found that resistivitysfir
rise at lower concentration of transition metat sald then decreases as reach to higher value
of CuChk in lower temperature region. However the resistiaf all the samples was found
minimum near melting temperature of PVDF.

4.4.3 ZnCh-PVDF composite films

The variation of resistivity as a function of temgteire in ZnCJ dispersed PVDF films is

shown in figure 4.4 (c)
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Figure 4.4 (c): Variation of resistivity of PVDF RE |, system with temperature.

The resistivity of 5wt% concentration was found imaxm and then decline at higher metal
salt content in the lower temperature region. Havewat higher value of temperature the
resistivity becomes negligible. Such variatiorresistivity supported the conductivity of all
the samples.

4.5 Calorimetric measurements

The thermodynamical characterization of pure amohsition metal salt dispersed PVDF
composite films were carried out using DSC (LINSIS$3), in order to understand the
variation of thermal parameter in the presenceanfsition metal salt and their corresponding

effect on physical properties.

50



The DSC spectra of pure and Cu@ispersed composite films are shown in the figube(a).
We observed that the endotherm near 160°C for PMiBF samples indicating the melting
transition of PVDF. The broadening in the peak egponds to the melting fraction of

entangled polymer chain.
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Figure 4.5 (a) DSC profiles of pure and Cudlispersed PVDF films at
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The transition temperature was found to increadevatr concentration with the addition of

CuCl, and then decline to lower value up to 10 wt%. Hesveat higher transition metal salt

concentration melting temperature shifts to highelue. Such shift in the melting

temperature may be due to the induction of someaedegf ordering in the presence of

transition metal salt.

Similarly the DSC spectra of NigHispersed PVDF composite films is shown in figdrg

(b).
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The variation in transition temperature rangingnestn 158.5-163.6°C has been noticed for

these films. However these melting transitionsribtdisplay any regular trend.

In the same way the DSC of the Zp@ispersed PVDF composite films is presented in the

figure 4.5 (c)
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Figure 4.5(c) DSC profiles of pure and Zp@kpersed PVDF films at different concentration

of ZnCl,.
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We observed that the melting temperature shiftighdr side than that of pure one as it

display melting temperature around 162°C consitamn to 10 wt% and then fall to lower

value at higher metal salt concentration.

The variation of melting point with concentratioor ftheir endotherm observed for CuCl
NiCl, and ZnC} dispersed PVDF films are displayed in figure 4)5(d
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Figure 4.5(d): Variation of melting temperaturemwiifferent metal salt concentrations.

Table:4.5.1 Variation of melting temperature with dfferent metal salt concentration.

Sr.No. | Conc==>] Pure 0.5 1 3 5 10 15 25

Salt ﬂ wWt% | wt% | wt% |wt% | wit% | wt% | wit%
1. CuCl, 160.3 163.3 160.2 159.4 158.8 1561 16Q.2 165.4
2. NiCl, 160.3 158.5 161.6 159.7 162.7 160/0 158..5 168.6
3. ZnCl, 160.3 162.8 162.4| 164.4 162.8 162|6 156.4 1594

Thermal parameter, entropy was also calculatedtier endotherm observed at various

transition metal salt dispersed composite filmisied in table 4.5.2 below and plotted in the

figure 4.5(e) respectively.
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Table:4.5.2 variation of entropy with different metal salt concentration.

Sr.No.| Conc=| Pure | 0.5 1 3 5 10 15 25
Saltﬂ wt% |wt% | wt% |[wt% | wit% | wi% | wt%
1. CuCl, 0.5644| 0.2160| 0.0980| 0.1094| 0.1175| 0.0174| 0.0802| 0.4587
2. NiCl, 0.5644| 0.3266| 0.1532| 0.3264| 0.2295| 0.3199| 0.2539| 0.3711
3. ZnCl, 0.5644| 0.3537| 0.4151| 0.3876| 0.3054| 0.2490| 0.1864| 0.1600
0.6

—=— CucCl2

Btropy
o
w
T

1 1 1 1
pure 5% 1% 3 %0 5% 10% 15 % 25 %
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O_O 1 1

Figure 4.5(e): Variation of entropy with differemietal salt concentrations.

It was found that the entropy of pure PVDF film wagher than that of dispersed composite
films. In case of ZnGIPVDF composite films, the entropy fall with theditébn of small
amount of metal salt and preserve this behavioutoup5 wt%. Further increase in the
concentration gives rise in the entropy of theaystSuch behaviour reflects that the addition
of CuCk induce some degree of ordering in the system up5twt% concentration. Film
dispersed with NiGlalso shows decrease in entropy at lower concérirdiut shows some
peculiar behaviour with increase in the transitiogtal salt concentration (as many crust and
trough were observed). However Zna@ispersed PVDF composite films display decrement
in entropy with rise in metal salt content up tgher value but having higher magnitude than
other two. The observed trend was NI€ICuCL> ZnCkL These results were found in good

correlation with the XRD analysis.
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4.6 Morphological analysis

The pure and transition metal salt dispersed coitgpibns were characterized using SEM.
The observed micrograph shown in figure 4.6[(a), (b)] respectively for CuG] NiCly,
ZnCl, dispersed thin films at 1, 5, 15,25wt%. It wasriduhat the fine spherulites were
arranged in well defined fashion in all casesslievident from the SEM images that the

CuCk and ZnC} dispersed samples were more porous than that@j Maded films.

SEM M|crograph of CuCl d|spersed PVDF fllms at 5000 X |

hy o vy
P
SEF f6KVA ibinm 8s44 000 B +
& = = & 0000 281lilay 2010,

(a) Cu1% (b) Cu 5% (c) Cu 15% (d) Cu 25%

Figure 4.6 (a): SEM micrograph of Cy@ispersed PVDF films.
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Figure 4.6 (b): SEM micrograph of Nicdispersed PVDF films.
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Figure 4.6 (c): SEM micrograph of ZnGlispersed PVDF films.
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4.7 Dielectric Studies

The temperature and frequency dependent dielebetltaviour of pure and metal salt
dispersed PVDF composite films in the frequencyeabOHz to 1MHz has been studied.
4.7.1 Dielectric study of PVDF-CuCj} composite (Thin Films)

Frequency and temperature dependence of relative paittivity

The relative permittivity as a function of frequgnior different concentration of Cught

160°C near melting transition is shown in figuré @).
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Figure 4.7 (a): variation of dielectric constanfasction of frequency for PVDF-Cugl
composite films at 160°C.
It was observed that the dielectric constant gréyluacrease with variation of Cugl
concentration and shows higher magnitude at 15 attddwer frequency. However dielectric
constant decline with increment in frequency ancbibees low at higher frequency range.

Figure 4.7 (b) represents the dielectric losslier€uC} dispersed PVDF films.
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Figure 4.7 (b): Dielectric loss as function of foeqcy for PVDF-CuGlcomposite films at
160°C.
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We observed that the dielectric loss decrease @@l addition and then become maximum

at higher concentration. Such variation may be tdutae higher metal salt density at higher

concentration.
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Figure 4.7 (c): Variation of relative permittivityith temperature at different concentrations
of CuCb.

The temperature dependent variation of relativemivity at 100Hz for PVDF-CuGl
composite system for (pure, 1, 15) concentrati@hmwn in the figure 4.7 (c).

It was noted that the dielectric constant increasatistently with increment in the metal salt

concentration. Similarly the value of loss factor the system is presented in the figure 4.7
(d). 14
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Figure 4.7 (d): Variation of dielectric loss wittniperature at different concentrations of
CuClb.
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It was found that losses are smaller for lower emti@tion and consistently increased at
higher metal salt concentration.

Dielectric study of PVDF-NICl, composite (Thin Films)

Frequency and temperature dependence of relative paittivity

The variation of the relative permittivity as a @ion of frequency for different
concentration of NiGlis shown in figure 4.7 (e)t was found that the no subsequent
variation in the dielectric constant has been fountthe samples. The observed magnitude at

all these concentrationg is about same as pure PVDF
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Figure 4.7(e): variation of dielectric constanfasction of frequency for PVDF-NIGI

composite films at 160°C
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Figure 4.7 (f): Dielectric loss as function of frempcy for PVDF-NiIC] composite films at
160°C.
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Figure 4.7(f) shows the variation of dielectricd@ss function of frequency. It was noticed
that dielectric loss become minimum with additidiT®S. The gradual decreases in the loss

factor have been observed with the increasing auret@ons.
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—=— Nil
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Temperature (° C)

Figure 4.7(g): Variation of relative permittivityitlh temperature at different concentrations
of NiCl, in PVDF at 100 Hz.
Figure 4.7(g) shows the variation of dielectric stamt as function of temperature. No
significant change has been found as the magnibfidee dielectric constant was same as
pure PVDF.
Figure 4.7 (h) show the variation of losses asretion of temperature. We found that loss

factor decreases with increase in the concentrafidfiCl, near melting temperature.
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Figure 4.7 (h): Variation of dielectric loss wittniperature at different concentrations of

NiCl, in PVDF at 100 Hz.
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Dielectric study of PVDF-ZnCl, composite (Thin Films)

Frequency and temperature dependence of relative paittivity

Figure 4.7 (i) show the variation of relative pettiwity as a function of frequency for
different concentration of Zngat 160°C.
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Figure 4.7 (i): variation of dielectric constantfaaction of frequency for PVDF-Zngl
composite films at 160°C.

We observed that that the dielectric constant gdiyeincreased with the addition of metal
salt up to higher concentration. However magnitteteains the same as pure PVDF. Such
behaviour attributed to the fact that ZpGé metallic in nature which enhances the
conductivity and decreases the dielectric constant.

Figure 4.7 (j) shows variation of dielectric loss a function of frequency for all
concentration of ZnGl We observed that the dielectric loss decreaséu mereased in the
metal salt concentration at lower value and thenemsed at intermediate value. However at

higher value the value of losses again decreaseidlar metal salt concentration.
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Figure 4.7 (j): Dielectric loss as function of frespcy for PVDF-ZnGlcomposite films at

160°c.
Figure 4.7 (k) shows the variation of dielectrimstant as a function of temperature. We

e .
100

have noticed that dielectric constant increasddvat¢r value of metal salt concentration and

then decreased at higher concentration.
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Figure 4.7 (k): Variation of relative permittivityith temperature at different concentrations
of ZnCl in PVDF at 100 Hz.
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Value of dielectric loss at 100 Hz as a functionterhperature for Zngldispersed PVDF
films are shown in figure 4.7 (I). We observe ttie losses are increased with the variation

of transition metal salt concentration.

40 | 60 | 80 IlCl)OlléolléllolléO
Temperature ( °C)
Figure 4.7 (I): Variation of dielectric loss witerhperature at different concentrations of
ZnClL in PVDF at 100 Hz.
From the dielectric analysis it concludes that ¢hes no significant variations have been
found with the addition of transition metal salhelmagnitude of the dielectric constant is
same as pure PVDF. Only one peculiar variationiefedtric constant was obtained at 15

wt% of CuC} which shows higher magnitude than that of pure PVD
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CONCLUSIONS AND FUTURE SCOPE

CONCLUTIONS

1. In summary, we have successfully synthesized TMEIP composite systems via
mixed solvent route. Which displag crystalline phase in as synthesized and
annealing conditions with higher percentage.

2. Chemical analysis gives preliminary signature effitphase formation in all cases of
transition metal salt dispersed composite films.

3. The formation of pure well crystalling-phase has been confirmed from the XRD
analysis up to higher percentage of the TMS. It wascluded that the addition of
TMS did not disturb the crystal structure of PVDidahe filler materials was well
dispersed in the host matrix. Though, negligibleoant of impurity peak was
observed at the 25 wt% concentration of Mi@ne consistent peak in all cases
appeared até 29. It is being investigated as it does not correspnthe crystal
structure of host and filler material.

4. The conductivity calculated for these systems shitv@sincrement with the increase
in the TMS concentrations up to higher density. Tingnitude of the conductance
was found higher than that of pure PVDF in all sasBuch polymeric flexible
matrixes with higher conductivity can be utilized the field of electronics. The
resistivity obtained for these composite systems @aigo in good correlation with
these results.

5. Morphological investigations suggesting that theakmspherulites are arranged in
well ordered fashion in all the composite filmsln#s loaded with CuGland ZnC}
were found more porus than that of Ni@ispersed composite films.

6. The calorimetric transitions displaying one meltimgnsition in all the cases in the
range 158-16%. However, softening of the sample start arours’@4The entropy
for these found minimum in case of Cu@aded films and increases for NiGind
ZnCl, systems.

7. The dielectric constant of these composite films i@nd same as pure PVDF; no
significant variation has been noticed in any caseept 15wt% loaded PVDF film

which shows the dielectric constant around 34.
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FUTURE SCOPE

A new area of research that has begun is in tha afesoft multiferroic materials.
Multiferroics are materials that simultaneously iekttwo or more "ferro" properties, i.e.
ferroelectricity, ferromagnetism, or ferroelastciwith ferroelectric polymers, such as
poly (vinylidene difluoride) (PVDF), we may be alite create composites that could be
multiferroic. By doping PVDF with magnetic transiti metal ions we hope to induce a
coupling between the magnetic moment of the tremmsinetal with the electric moment
of the polymer. Further, the ionic salt also induidee PVDF to crystallize in the
ferroelectricf-phase.
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