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ABSTRACT

Polypropylene - Hydrous hMagnesium Silicate (Tale) (PP-Tale) compaosites with difterant
PP and lale composition (wt%%) were prepared by extrusinn method. The WY -visible
absorption  spectroscopic and  thermally  stimulated  depelarizalion cureent {TSD(C)

measurements were carricd out on the pure PP and five different PP-Talc composites,

Erom the UV-vistble absorption studics. the bandgap of PP and PP- Tule cOMmposites were
calcutated from absorption versus photon energy graph. The absorpuion shows presence

of defects! impurities o the materials.

The TSDC technique was used to study the charge storage and charpe relaxation
behaviour in pure PP and PP-Tale composites. The TSDC thermograms show two
distinet and wide peaks 1w he temperalure regions 28%-323 and 400-410K. The
incorporation of Tale 1n PP shifts both the peaks wwards low emperature, The low
temperature peak in the composites is due to the existence of Talc 1n PP wgether with the

resull ol some mode of polymer mouon. ,

An analysis of the dependence of totat released charge. Q. on polarizing voltage. V. and
Tale content {wi%) show that the relasation is dipolur but the polarization s restricted by
the repulsion force between the cations with the increase of Tale content {(wit%ohn PP The
varialion of peak current with polarizing voltage. ¥, and Tale content (wi%) are alse
presented. The increase of activation encrpy with Tale contenl (wib) also supports the

alove Tacts.
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Chapter-I

Introduction

1.1 Materials with improved physical properties

It is posaible now-a-days to make vanous engineering new matenals from traditional
material; for example a ferromagnet from a plastic, a super conductor from a ceranic, a
spring from Porland cement. The new materials which have achieved prominence on the
technological arena i the last few decades are Composites. Polvmers, Ceramucs efc.
Compositing 15 shown to be a unifymg influence in designing new malerials for specific
functions. Comyposites have acquired a leading poation in the development of new
materials becanse of ihe realization that with judicious choice of combinations of materials
slarding new combinations of properties ¢an be obtained. Composites are best known for
their mechanical propertizs. The siiffest and strongest matenials known or believed to be
possible consist of the clements and binary compounds of the covalenilv bound solids.
Fibrous composite materials, particularty plass remforced plastic have been used for many
years. The new advanced composstes are bemg desipned for much more sophisticated and
demanding applicstion. The principle of composting materals s psed in a very
sophisticated way in bandgap engneering in microelectronics.

Mew materials can be produced by the synthesis of diamond and wery hard carbon at
normal pressures on a substrae at room lemperaturs without a seed from radio frequency
and microwave frequency plasmas vsing hydrocarbons plus hydrogen as a source gas. The
mechanical elecirical and optical properties of such films are as exciling as the production
of superconductors operating above 77K [1.1]

Polymers are all based on carbon and are designed at a molecular level o control the
averape length of the chains, the strength of the forces between the chains, the stiffness of
the mdmidual chains and the segulanty with which the chains are packed together. Recent
advances are in processing lhe chains to achieve starfing increases m the stiffness by



achieving full alignment. The other new approach to polymeric maierials is to from blends,
compoaitcs which are immiscible and by heating and cooling 1o form parugles of one

potymer m Lhe matrix ol another.

Fmally with melallic glasses available, plastic as strong and stiff as metals, with metals
being formed like plastics and plastics shaped like metaly, wilh ceramics showing high heat
conduction and plasiics conducting electricity often emphasized m physics. This is having
sriking engineering consequences.

1.2 Composites

Most naturally ocenrring materials derive their superb properties from a combination of
two or more components which can be distinguished rapidly when exammed in optical and
electron microscope. The composiie idea is padicularty relevant Lo engineering componenis
which may consists of two or more materials combined to give performance in service

which is superior 1o the properties of Lhe indhvidual materials.

The defmition of 2 compasite malerial is difficult and there is no really adequate delinitzon
of a composite material. Basically a composite can be defined as the material crealed when
at least two different, relatively homogeneous phase, i.e. Lh¢ material and the dispersed
phase, are combmed © produce a homogenous material of & more complex structure,
having properties which are not obtainable by amy of the constitents acling alene. The
consiituent materials are separated by a less clearly defined phase known as Lhe nterface.

Three main points can be included m a definition of an acceptable composite material.

I) It consist of two or more physically distmet and mechanically separable matenials.
m it can be made by mixing Lhe separate malerials in such a way Lhat the dispersion

of one materials m lhe other can be done in a controfled way to achieve optimum

propertics.



LI The properties are supenor and posstbly unigue In some speciiie respects,

to the properties ol the individual componcents.

Generally composite materials can be divided inte three classes:

) Dispersion -teinforced composite materials e Aluminum dispersed in
silver.
"b) Particulate- reinforced composite materials ey, Rubber reinforeed with

carbon black.
oy ['iber- Reinforced composite materials e.g. Epoxy design or polvester
reinforced with 2lass (ihers.
Natural Composite materials are wood bone, bamboo ete.
Microcomposite matenals are steel, poly styrene ete.
Macrocomposite mnatenials are galvanized steel, reinforced concrete beams,

helicopter blades el

1.2.1 Properties and Applieatinns

Composile matenials have strongest interatomic bonds coupled with deep interatomic
potenbial wells, mmplying large sublimartion cnergies. Composite materials are the
strongest stiffest materials of least density. The stiffness is easily appreciated but the
hugher tenstle strength can only be observed if the matenul 15 1 the form of a {iber
Composite material provides Young moduli of up to 700 to 800 Gpa. Metal matrix
coinposites have lower thermal expanston co-ellicient, lngher thermal conduectivity,
dimensional stability, no detcrinr:-ltion under hot and wet conditions. little material loss in
high vacua, no low lemperature bnttleness and resistance 1o radiztion damage. Ceramic -

Ceramic composiles have good chemical compatility at lugh temperature.

Composite materials have many applieation in the vanous industnal. domestical and
clectrical uses. Fibrous composites have demanding application in acrospace, in medicine
and in sports goods. The wings of AVER {Hamer) aircraft are made of graphite fiber in a

woven form in an epoxy tesin. Metsl mairix composites. finds application in wear



resislant, Composite materials are used as electrical insulators and stable encapsulates for

electncal circuits.

1.3 Polymer

Polymers are the subslances which are made up of large molecules or macromolecuies.
These macromolecules or giant molecules are composed of repetiion of small repeating
units which are called “monomer”. Polvmers may be natural or artificially synthesized.
Natural polymers exist in plants and animals and include starch, proteins, kgnin, cellulose,
collagen, silk and naroral rubber etc. Synthetic polymers derived mainty from oil bassd
producls include polyethylene (PE), mylon, epoxies, phenolic aud synlhetic rubber etc.

1.3.1 Types of Polymer

a) Homaochain polymer

When polymers are made in chain reactions consaining only carbon atoms in the main

chain called homochain polymers.

b} Helerochain polymer

The types of polymers made in step reaclion may have other aloms, onginaling in the
monomer functional groups, as part of the chain, called the heterochain polymers.

) Steric isomer

When Lhe repeat unit of a polymer chain are lhemsehves asymmelric, on account of Lheir
comlaining a carben atom with four different substituents, Lhe large numbers of possible
permutations of Aght handed and lefi handed unils represemis a large numbers of sieric



izomers. This kind ol 1somerism it polymer s called meneity . There are three main types

of stenic 1sonmers
i [sntactic

In this 1somer all repeat units are identical. either right handed or left handed form and
aranged  in linear. head to tail fashion. In the fully extended chain all the methyl

sithstituents lie on the same side of the chain.
il, Syndiotactic

Here succcasive repeat vnits alternate in confliguration dldhdl. |, and successive methyl
groups along the fully cxtended chain lie on alternate sides, More elahorate ordering does

not often occur in practice.
iii. Atactic

This desenibes a completely random arrangements of the repeat untts & and | along the

chain.
d) Thermosetting polvmer

Thermoseting polymer svstems arc based and characterized by an nital state of low
viscosity. which on curing leads to an chemically imeversible hardened cross-linked
brittle material exhibiting low strain to failure but high stifiness and vield strength. In the
thermosetting  ficld cross-linked polyester resins phensl - formaldehivde  resins
{phenolics). melamine - formaldehy de resing (melamines), cpoxides and silicon resins are
aniong the most commonly used. Thz—: thermaosetting plastics have supertor abrasion and

dimensional slability characteristics compared with the thermoplastics. Thermosctting



polymers arc changed imeversibly from Jusible, soluble products into highly interactable
cross-linked resing which cannot be molded by flow and so must be fabncated dunng the
cross linked process. Thermosetting resins are usually isotropic Their most characteristic
property is in response to heat since, unlike thermoplastics, they do not melt on heating
However they loss their stiffness properties at the heat distortion temperature and this
defines an cffcctive upper limit for their use m structural components Epoxy resins are
penerally superior to polvester resins in this respect but other resing arc available which

are stable at higher lemperatures such as aromatic polyamides and polyimides.
&) 'hermoplastic pelymer

To discuss all the thermoplastics that potentizlly could or have been utilized as matnces
in composite materials would mean mentioning ncarly every commercially available
products which are reinforced include nylon, polyethylene (PE). polvpropvlene (PP).
polvcarbonate  (PC). polystyrene, styrencacrylonitnie and  the  acetals. U nlike
thermosetting resins, thermoplasties are not cross linked. 1hey denive thewr strength and
stiffess froun the inherent propertics of the menomer units and he very hich molecular
weight, This ensures that in amorphous thermoplastics thers 15 a high concentratum of
mulecitlar entanylements, which act Tike cross-linked, and in crystalline matenals therc is
a high degree of molecular order and alignment. In amorphous materials heating leads to
discatanglement and a change from u rpid solid to a viscous liquid. Tn crystalline
materials heating resulls 1n melting of the erystalline phase to give an amorphous viscous
liquid. Both amorphous and crystalline polvmer may have anisotropic propeftcs
depending on the conditions during selidification. In amorphous polymers this is due to
molecular alignment which occurs during melt flow in molding the material or
subsequently during plustic deformation. Simularly, in crystalline polymers the crystalline
lamellar units can develop a preferred onentation due, For example, to non-uniform
nucleation at surfaces or in the Aowing melt and preferential growth in some dircctions

because of temperature  gradients o the melt. The characteristic abtlity to melt and



reform has led to this class of polvmer being wed in lugh productivity molding
applicanons,

L.ike many other matenals the polymeric materials can be divided into two groups on the
basis of the presence of permanent dipole moments. These are (i) Polar polymer and (i1}

nom polar polymet,
{a) Polar polymer

Polymers which posscss pc-rnmnent dipole in the absence of any cxternal clectric field
then it is said t0 be polar polvmers. The examples of polar polymers are polyamides,
polyvinytchlonde, polytetrafluroethylene Tn a polar polymer strong polymer-polymer
bonds wsually develop that causes the solullity of the polymer to decrease. For polar

polvmers the dielectne constant and diclectric loss are comparatively higher than non

polar polymers,
i{h) Noo polar Folyvmer

These are the polvmers which have no permanent dipole  moment in the absence of
external elecine ticld. lhese are flexible and have pendent side groups which can rotate
frcely. The density of non polar polymer covers a range depending on the extent of chain
branching which determines its crystallinity. Pure non polar polymers show no dipole
relaxation effects. theretore having low dissipation factor . These polymers have low

dieiectric constant alsa.
1.3.2 Glass transition temperature of Polymer

{he plass transition temperaiure 18 the temperature at which the molten polymer changes
to a hard glass. This transformation occurs over a  temperature range that includes the
glass temperature . T, . There is a small temperature region about T, in which the

polymer viscosty saries rapidly with temperature from a very high viscosily

-1



characteristics of a glass to a low viscosity characteristic of a more or less viscous liquid.
IL1s the temperatiee region in which the thermal motion of the molecules become so slow
that they are unable to respond within a respensible time w the action of an apphed force.
Consequently, the material is obsen ed to change from a soft to a hard substance as the
temperature is lowered through this reglon. The glass transition generally occurs in the
amorphous state. [t does not correspond o any change in the atomie structure. Below T

the characteristic relaxation time, © of the molecule is large, while above T, it is small.

In the tempernture interval between T, and the melung point of the crystal T, the
material could be said 1o be in a supper cooled liquid state and is so viscous that it
appears solid. whereas below T, the material is solid. Such situation is shown in the
figure 1.1. in the cases of the coelfficient of expansion and the specific heat capacity -

below T,, the values of one close to those of the crystal, above T, to those of the liguid.

When the transitions additional twe T, {and o T, with erystalline polymer) became
apparcnt it became come cnventional to label the lughest transition (other than Ty, where
this exists} as an o transition. labeling other transitions B,v.8 etc.. in decreasing order of
temperature . In most cases, but not always , the glass transition temperature
corresponded 1o the o transilion. such a formal nomenclature ipnored the physical
reagents for a transition and it is not swpriung that the reason for different transitions
vary [rom one polymer to another . Some mechanism  may be common o several
materials. others may be highly specific. Henee . a so called B- transition in one polymer
may have a quite different origin than a [i- transition in a sucond polymer. At the same
time the P- transition the first palymer could have e.g., the same physical Ongiil as a 50
called - transition in the second polymer. The nomenclature @.fy is therefore only a
method of labeling a given polviner and no special significance should be atached to
such a term as - transition or y- transition without reference 1o a given polymer,

In amorphous polymers transitions oceur where. because of an increase in tcmperature, a

point is reached where the molecules gain sufficient energy to indulge in additional
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mobions . With such amorphous malerial five types of transition appear possible.  In
P ¥P PP p

order of increasing temperature they are:

T} Mation of a side roup . &.g.. methyl. about an axis at axis at right angtes to the
chain .

1) Motion ol two to four carbon moictics in the main chain (the Schatzki crankshafi
effect).

iii} Motion of moielies conlaining hetero-atoms in the main chain, c.g., the amide
aroup in a polyarmide

v} Maotion of a chain segments of about 35-100 hackbone atoms (which corresponds
to T,

V) hotion ol the enlire chn as a anit.

1.4 | Polyprepylenc

Polvpropylene{PP). a thermoplastic, is chemically similar 1 Polycthylene(PE) but have
sormewhat better physical strength at a lower density. The density of polypropylene is
among the lowest of all plastic matetials. PP have an almost infinite life under flexing
perhaps the only thermoplastic swpassing all others in combined electrical properties,
heat resistance, rgidity toughness, chemical resistance. dimensional siability, surface

gloss and melt flow, at a cost less Lhan that of most others.
1.4.1 TProperties and Applications

Polypropylene is soluble in only boiling aromatic hydrocarbons such as toluene and
xvlene. [t has high tcmperature resistance. It has high compressive strength, tensile
strength, mechanical strength and impact strength. it has good dimensional stability under
stress and high abrasion resistance. The thermodynamic meliing poini of pure erystalline
PT 15 460K. PP has low specilic gravity and it is resistant to chemicals. It is attacked by
oxidizing agent. PP being nonpolar, it has good dielectric property even at mgh

requency.

11



Because of their exceptional quality and versatility. polypropyiene offer outstanding
potential in the manufacture of products through injection molding. Polypropylene are
used fur packing; squeeza type bottles, production of pipes. tanks, textile machinery paris

and insulating electric wires ete.

1.5 Hydrous Magnesium Silicate (Talc)

Natural minerals are termed as Tale. It is hvdrous magnesium silicate having the chemieal
formula Mg,8i0,(0H),. Tale contums 3L.7% Mgo. 63 5% Si0; and 4.8% H,O. Tale
deposits are probably formed by hydrothermal attennon or conlact metamorphism of
preexisting rocks. Tale is lound 1n many pars of the world The united states is the

[argest producer. |1-2,1.3].
1.5.1 Propertics and Applications

The characlerization of a pure Tale mineral 15 dunc by its sofiess, hydrophohic surface
propertics and slippery feel [1.4.1.5,L6]. The erystal form may be foliated. lamellar,
fibrous or massive. Commercially available Tales are harder. due to the presence of
impurities. Crude l'ales rangelin colour from white to green and brown, In powder {orm
pure Tales are of white colour. The refractive index of Tale 15 1.54-1.5% and specific
yravily 1s 2.7-2.8. Pure Talc is heat stable up o 1173K. I'alc is inert in most chermical
reapents although 1t exhibis a marked alkalinity (P" = 9-9.5). It is soluble in hot
concentrated Phosphoric acid (H;PO,). it has very low cation exchange capacity. Tale
prevents delayed graze crazing. lowers firing temperatore and reduces fired shrinkage
[1.7]

Tale 1% ihe basic row materials used to enhance opacity and printing properties. The
paper industry is the largest consumer of Tale . It is used in the pulp and paper making
process. Talc is used in ceramics, electrical ceramics. As the Tale is low loss insuiator, 1t

15 used in a wide variety of electronics and electrical uses. The next mest important



apphcation is in protective coatings Tale aiso used as insecticide carriets. rubber dusting
and textile 11lling materials and as adeditive in asphalt roofing compounds. Maore recently.
the use ol lale for plastes filling and reinforcement has grown rupidly [1 8]
Polypropylene parts reinforeed with as much as 40% Tale Trave replaced metal in many
automotive applications. Polvpropylene replaccment for metal in domcstic applications
represents another important new market [or Tale, Calalytic converers for automaotive

pollution control have also become important tale consumers sinee mid 197(0s.

Fig. 1-3: Crystal structure of pure Hydrous Magnesium Siliente (Talej |



1.6  Objectives of the present work

The comventional physical properties of the traditional materials, such as. metal. polymers
cic. arc not adequate to fulBill aew technological requirements . These limitations diclate
search for new materials with improved properties. One way to achieve this goal is to
obtain compositc matcrials having superior propertics compared with that of the
traditional encs. Polymer matnx composites offer great versatility of application and

considerable simplicity and consemence in the manufacture of artelacts.

Charge slorage and charge transpord, which determine the electrical propenies of polymer
arc atfected by additives or fillers in polymers. Polypropylene (TP, a thermonplastic, 15
kunown for its pood thermal stability . One of the impormant ruasons for the increasing use
ol PT in technical applications is the possibility to vary its propertics by a wide scale of
Compounding and Blending techniques[1.9]. Composites of PP arc promising new

matcrials with imprived propermies and may find scientilic applications.

In order to find use in the electrical applicalion, it is necessary to study the charge storage
and transpon behaviour of PP-Tale compesite electrets. Keeping this view in mind, in the
present investigation PP-Tale  of different composition are considered. Thus the

following ohjectives are brought under the present scheme of study.

I Preparation ol PP-Tale composites of different composition .
it Optical studics of the composites by 1TTV-VIS absorption spectroscopy.
ni. Study of the storape and transport behaviour by thermally stimulated

deolanzation current (TSDC) technique,
iv. Finally. the physical processes involved in the electret for charge storage

and transpon will be discussed
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Chapter -II

Theoretical Background

2.1 Introduction to Thermally Stimulated Depolarization Current

(TSDC) Method

The methad of thermally stimulated depolarization currents {TSDC) 1s a general method
of imvestigating the electrical propertics of hiph - resistivity sohds via the study of

thermal relaxation effects.

TSDC 1s developed by heating a polarived sample up to or above the polanzation
temperaturc., the releases of charge is gradually sped up and, when the hall-hle of this
process becomes comparable with the time scale of the expeniment (determined by the
heating rate) discharge becomes measurable and gives nse n the cxternal circult to a
current which [irst increases with increasing lemperature and then decays when the
supply ol charges is depleted. A current peak thus will be observed at a temperature
where dipolar disorientanon, wnic migration or carrier release from traps 13 activated cte.
and. as the total polarization usually arises from a combination or several individual

cffoets with sarious relaxation times.

Bagically 1SDC consisls of measuring depolarization currents with a definite heating
schieme. The current generated by the build up and 7 or the release ol a polartzed state in a
solid dislectric sandwiched between nwo electrodes The general experimental procedurs

usually nvolves four step. [2.1]

a) the application ot a d.c bias ¥, at a polarizing lempcerature T, for a time t,
b) cooling under this bias to sope lower lempermure Ty

C) removal of the bias at T to another salue ¥

d) heating at a constant rate while mamntaining the sample at zero bias and

recording the discharge curreni as a function of tempetature.
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Thus the current peaks are observed during the thermally stimulated activated trapsition
trom the polarized state to the equilibnum state: this techntque is generally knivam as the
ionic thermocurrent (ITCY techmgue or thermatly stimulated depolarization current
technigue (TSDC). This technigue (or studying charge motion in solid diclectrics are
based on thermally activated release or trapped clectron charge or polarization from the

localized energy levels [2.2.2.3]. The source of the thermally stimulated current may be.

i The thermal release of trapped electrons. holes. ions.

il some type of orientational {dipole} polarization

il space charoe polarization.

. interfacial polarization .

If & material contains scveral traps of different energy, then a corresponding 1|mmher of

current peaks should be observed during heating. '

2.2, Polarization mechanisms

The polaricanon of the solid diclectric submitied to an external electric ficld may occur

by a number of mechanism involving, microscopic or macroscopic charge displacement.

[. The electronic polarization which results from the deformation of the clectronic shell
and 1t 15 the fastest process requiring about 107"%.

1. The atomic pelarization which resulls from the atomic displacement in melecules

with heteropolar bonds requiming about 10 w10,

111. The orentational or dipotar polarization occurs in matamals conlaining permanent
malecular or icnic dipoles requiring as low as 1075 or long that no relaxation is
observed.

IV. The translational or space charge polarization which is ohserved in matcrials

containing intrinsic free charges {ions ot electrons or both} is duc to a macroscopic



charge transferred towards the electrodes action as total or partial bamiers. The time
required can very from mitliseconds to years.

¥, The wnterfacial polarization or Maxwell-Wagner-Sillers (MWS) polanzation which 1s
characteristics of system with a hetcrogeneous structure. [t results from the formation
of charge lavers at the interfaces, duc to unequal condition currents within the various

phases The time scale 15 also Irom milliseconds to years.

2.3 Theory of Thermally Stimulated Depolarization Current

Until recently many authors worked on TSDC technique. They have essentially applied
I'SDC measurcments to the study of electrets Le. permanently charged dielectrie. They
made use of an arbitrarly programmed temperature rise. Tt was Bucci and Fieschi first
aave a theoretical basis of the TSDC phenomenon to study the dipolar polarization due to
nohinteracting point defect dipoles in jonic crystal [2.2]. This method contnbuted
substantially to a belter understanding of the role that dipolar imperfections play in
affecting a variety of processing in fonic crystals Historically, the study, the study of
thermally acuvated process by means of the thermal refzase of stored energy was
introduced tirsl in thermoluninescence (TL), then emploved in the thermad releasc of
trapped electronic charge to determine the distribution of trapping in pholoconductors. in
the presence of extemal field. The TSDC procedure there aficr received a number of
confusing terms due to the fact that it was  reimnated and developed by several
inveshigations using quite different starting points and who most of the time, were not
aware of preceding work in the ficld such as electret thermal analysis, thermally
stimulated  depolanization, thermally stimulated discharge, thermal current spectra,

thermally activaled depolarization.

Here the purpose is to outline the more general theories related to the main polarization
processes (dipalar, space charge and interfacial polarizations). The emphasis is given to

the most commonly used TSDC techniquc.



2.3.1 Dipolar TSDC in diclectric with a single relaxation time

The structural interpretation of dielectnic relaxation processes occurring in fany polar
materials 18 usually approached by assuming impaired motions or limited jumps of
permanent eleelric dipoles, The fivst theory of TSDC applied to dipolar processes was put
forward in 1964 by Bucci and Fiescln [2.2}. In this theoretrical treatment the polanzed
material is assumed to be free of charge carmiers. so that internal field and the dipolar
polarization can be considered as spacc independent. Practically. dipolar and space-
charge polarizations often coexist. particularly in thermoclectrets formed at higher
temperature and the electric field and polarization must than be considered as averaged
aver the thickness of the sample|2.3]. Furthermore the sinmhaneous displacement of free
charge carricrs on dipoles during the polarization process may lead to a particular
situanon where (e internal electric ficld is nearly zero, so that no preferred oricntation of
dipoles occurs, On the otherhand this implies that after removing the voltage at low
temperature. an internal clecteic field. due w the fixed space charges. exits inside the
svample and there, during the subsequent heating. this field will be responsible tor a
gradual orientation of the dipoles. leading to a current peak quite similar to a truc

disorientational peal[2.4].

The build up of polarization P in a unit volume of the maicrial during time t alter the

application of an electric (feld E, at a temperature Tp is an exponential function of time.

P(t) = P{l— m[{)] (2.1

Where T 15 dipolar relaxanon time and P, = sN4 pgLl kF, / KT, is the equilbrium
polagization. In this expression s is a geometrical {actor , Ny the concentration of dipoles,
p, their electrical moment, k Boltzmann’s constant and xFy the local directing electrie

ficld.
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The decay ol polarization afier removal of the ficld at t = cc is

P(t} = B, cxp(— {,) (2.2)
and the corresponding current density
_ 4y _ P
J() = == = — 2.3

The temperature vanalion of relaxation time is given by

{0 = % o 1 (2.4)

Where to is the relaxation time at infinite temperature, b is the activation energy ol

dipular ericntation.

The current density Jo(T) dunng TSDC expenment i8

AT, -
Iy = 2 o - %) o - - J oo - E\r 2.5)
o7 '

a3

Here. g the heating rate. The first exponential dominates in the low temperature range, is
|
responsible for the initial increase of the current with temperature while 'he second

exponential dominates at high temperature gradually slows down the current rise.

Differentiating cqn. (2-5) it can be amyed at the maximum temperature of the peak (T,,)

7, = [:E. 0, m[ﬁ;)]% | | (2.6)

I1ere q is the beating rate. eqn (2-6) shows (hat dipolar TSTHC peak will be an increasing

function of the parameters Q, o and E.



2.3.2 Determination of activation energy

The activation cneray of a nondistributed relaxalion process can be easity culeulated from
a single TSDC experiment by means of some charactertstic elements of the peak such as
its hulf width, inflection point or initiat rise method of Garlick and Gibson[2.5] 1s based
on the fact that the internal term in Jo{T) [unction being neghgmble at [<<T,, .The first

exponential dominate femperature rise of the initial current. s that

Ln Jp(T) = Consi. — 5— { Arhenius shift) @
_ E , .

= Const, + Lnl’ — T ( Eyring shift) (23)

= Const. — L (WLF shift) (2.9

k(T-T.) )

The activation encrey can be determined with good accuracy by ploiting Ln J, (1) against

/T or 1{T-T.). A straight ling is obtained whose slope gives - E/k.

2.3.3 TSDC involving Space Charge Processes

The theury of space-charge polarization is very intricate. Two basic models are usually
considered as starung points for a TSDC theory : In the charge motion model the current
is assumed o be governed by the bulk conductivity of the material (electronic or ionic),
itrespective of its possible (rapping propertes, while in the trapping model, the current is
assumed to result only from carriers {usually electronic) released into the conduction {or
valence } band as the charge distribution returns to equilibrium,

The space charge polarization i.c. the polarization duc to excess charges which cause the
material (0 be spatially not ncutral is a much more complex phenomenon than the dipolar

polanzatorn.
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Tn heterocharged dielectric where the presence of space charges arises from field induced
lransport of pre-existing and for feld gemerated charpe carriers. For depolarization

process carrier drilt oceurs under the influence ol local electric ficlds.

1 he current density egn. obtained by Muller [2.4] is given as

Ip(T) = K—%f@m[~ E Kok gl f—]] (2.10)
£,61 kT g Eg,g
where, K i a constant, o, is the malerial conductivity, g, and £, 18 the abselute and
relative permutivity. * = - d/dT(1/T). Eqn. 2.10 is expected similar io that derived from
the dipolar theory. €gn. (2.10) shows (hat a space charge TSDC peak must depend on the
nature of the dielectric - clectrode nterface and predicts a decrease of the current density
with decreasng thickness, [n dielectric polarized by photoelectne effect or charge
injection. the long life time of carriers are assurned to result charge peaks observed in

TSDC are usually interpreted in terms of trap limited currents.

The basic equations needed fur deseribing a thermal release from traps are similar to
those of the charpe motion model except that the density of trapped charge must be
introduced as an additional vanable while recombination replaces intrinsic conduction as

a neutralization process.

During the study of depolarization by the TSDC, the decay of space charge affects carrier
drift as well as diffusion. To avend this an insulating electrodc adjacent to the
nonmetallized side of the sumple (insulating foil or air gap) is used. Since the insulating
electrode blocks any charge exchange. all image charges previously induced at the non
contacting electrode will be released during the TSDC run and it will be possible

obscrve the decay resulting from intrinsic conduction,
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2.3.4 TSDC involving Interfacial Processes

When structurally heterogeneous materlals are investigated. a field induced iomic

polarization will obey more closely interfacial model of Maxwel-Wagener- Sillers type.

A simplified TSDC theory of interfacial polarization has been proposed by Harasta and
Thurzo[2.6] and Van Rarnhout [2.7,8] by considering the model of a charged two layer
condenser and neglecting the possible dependence of the permittivities of the two layers

on temperature, The expression for the current density is then obrained as [2.6].

- {57 (T) ~ e (T)[a5(T,) - 80y (Ty ) ddy T dT
Jp(T) = , g )
2 (ady + o Y[ 6i(T,)d, + o5 (T,)d] Vp o { @11

where the subscripts 1 and 2 refer to the two layers and «* (1) is relaxation time.

Current is scen to depend on twe varying parameters o and o, and different activation
energies Ei, and T, will usually be reprosented by one asymmetrical TSDC peak. the

maximum of which is determined by the expression.

T - ’ an{&'ﬁg_+ Eld]}[EIJZ{T“}Ez_—* &0 (T, )E ] } (2.12
k o1(T)dy + (T d L 102 (T,) — 8301(T;,) 1 2.12)

allowing to predict a small shift of the peak with varying thickness of the layers.
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2.3.5 The equivalent frequency of TSDC measurements

1he equivalent frequency of TSDC measurcments 1e., the frequency at which as ac
experiml.l‘.nt should be performed in order to obtain a [oss peak having the same maximal
temperature as the TSDC peak. can be estimated by relating the heating rte Q and the
a.c. angular frequency w = 1/1 via the equation that defines the maximal temperature of

the TSDC peak [2.9]

For an Arrhenius shift involving a constant activation energy, the equivalent frequency

takes the form.

.21 e
Jog = 25 2m; ET? (2]3)

Adopting typical values ol the TSDC parameters q, E, Ty, this equation leads 10 [ ~ 10
to 107" H, ie. frequencies which are much lower than those which are able to use under

norma! conditions in 8.¢ measuraments,

2.6  UV-Visible optical absorption spectroscopy

Electromagnetic radiation of suitable frequency can be passed ihrough a sampie so that
thc photons are absotbed by the samples and changes in the electronic energies of the
molecules can be brought about. So il is possible to effect the changes in a particular type

of molecular energy using appropaatc frequency of the incident radiation.

A display or graph of the intensity of ultraviolet visible (IJV-VIS) radiation emitted or
absorbed by marerial as a function of wavetength ranging {rom 100-400-800 mm is called
UV-VIS spectrum  and the absorption spectroscopy  invalving  electromagnetic

wavelengths in the range 100-400-800 mm is called UV-VIS spectroscopy [2.10].
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Representing 1, and [, as the Intensity of the incident and transmitied hght the absorption
law 15 pven

I, = I, exp(~ = ¢l) (2.14)

Which shows the intensity of the emitted light decreases exponentially as the thickness
and concentration of the abgorbing medium. Heee 1 is the path length of the absorbing

malental and ¢ is the concentration and & = molecular extinetion coeflicient.

The absorbance or opucal density is dcfined as the logarithmic ratio between the

intensities of the incident and transmitted radiations.

!
Absorbange = logy, }:‘ (2.13)

From eqn. (2.14) and (2.15) one can get

{
Absorbance = log,, -2 =
sorbance = logy, S= e cf (2.16)

{

This cquation is the fundamenlal equativn of speetrophotometry and 15 oiten spoken of
as the Beer - Lamber Law. The ouler- shell electrons are absorbed into the UY and visible

repion because they are fooscly bound to the nucleus.

Ultraviolet and visible spectroscopy finds application in the sdentification of a compound.
The identity ol a syniheue pmduclt pencrally of its spectrumn 35 comnpared with that of the
natural product or another standard sample Tt is 4 powertul method of impurity detection
UIV-Visible spectroscopic methods are widely used for the guantitative determination of
substances determination of molecuwlar weight, structure, diagnosis, study of equilibrium

in solutions.



2.5 Literature review

5N, Maiti and P.K. Muahapateo[2.11] studied erystallization of isoatactie polypropylene
(i-PP) in the {-PP/Aluminum composites through diflerential scanning calonmetry (DSC)
and wide angle X-ray diffraction measurements. Crystallization of 1-PP in 1-PP/Al
powder Composites was estimated from the crystallization cxotherm of 1-PT ain DSC
thermograms of the composites. In the region of low filler volume percent {0-.35%}
Crystallinity decrcascs which induces reduction in tenwle strength. modulus and
clongation. Crystallinity decreases further upte 1.7 volume percent filler and 1t then
exhibits a small incrcase up to 3.3% (itler. Tensile strength modules. and elongation at
vield show almaost steady decrease at these filler concentrations. Finally in region of filler
content 3.3 -10.5 the crystallinity slowly decreases. 1 he corresponding decrease in tensile
strength, modules and elongation is also very slow. Tensile sirength, lensile modules and
elongation at vield are predeminately dependent on the crystallimty of i-PP in the

composites.

M. Sova et al [2.12] studied the low lemperature impact behaviour of PP composite
materials oriented by solid state drawing method. Isotactic polypropylenc samples. both
ncat and containing short glass (ibers, with two different interfacial adhesions. werc
oriented by solid state drawing with typical neck propagation. Unidirectional composite
materials can be prepared from injection molded polypropylene samples containing short
glass fibers via solid-state drawing. Extensive movements ol tibers, accompanied by the
transformation of PP crystalline siructure support the concepl of strain-induced “melting”
of the polymeric matrix in the ncck shoulder, Onented -PP compaosite matenals posses
high toughness down to liquid nitrogen temperature, if the main crack propagate across
the drawing direction The properties of the interesting class L;I' polymeric composite
materials prepared by solid state drawing can be furiher optimized by varying interfacial

adhesion, drawing conditions and subsequent lreatment.
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George R, Lightsay et al.f2.13] studied the effect of surface chemistry of cellulosic fillers
an the properiies of PP composites. Cellulosic fillers such as wood flour have both low
specilic gravity and low cost and have been uscd as cxtenders in thermosetting polymers
for many years. Cellulosic fillers with different polymers surface characlensties were
cvaluated in PP, The [lters were mixed at vanous concentrations {fur leading} with
Hercules 7401 PP powder and then dried at 110°C for 30 minute just prior to molding.
Tensile, flexure and impact samples were molded using an injection molder. The more
polar nature of wood lour and pulp mill fines in comparison (o thewnmechlanical pulp
explain why composites containing thermomechenical pulp were generalllj,' superior
composites containing either would four or pulp mill fines. The imprevements noted in
composiles containing wood fleur or pulp mill fines that had been coated with-a nonpolar
resin indicates that it is the surlace of the filler polymer bonding. Coeating of cellulosic

fillers with non polar resin is usually expensive,

R.Nath and M.M.Perlman[2.14] studied the effect ol erystallinity on PP and PE. Charge
storage is greatly improved by anncaling, different eooling rates, and stretching in I and
PE. In anncaled PP and PE  storage increases lincarly with both crystallinty and
crystaliite size. The hall value charge decay temperarure can be used as a measure of the
later paramcter. Annealing and cooling rate affect the rate of crystalline growth. Changes
oceur in both the physical and / or chermical namre and concentraiion of defects in the
crystalline rcgion or traps at chain fold- amorphous interface. Annealing 4:1 stretched PP
film at 140°C gave a half value charge decay temperarure of 152°C ~ 70°C higher than
unannealed unstretched film., Stretching increases amorphous content creating new

boundaries, decrcases cryslalline size and creates defect traps.

Newspaper fiber-Reinforced polypropylene compuosite was made by Shan Ren and David
N.§. Hons[2.15]. A method of applying newspaper sheet directly to polypropylene
without any treatment was developed. Experimental results revealed that, the composites
made from this method were twice as stronyg as the polypropylene without newspaper.

Composites of newspaper fiber (NPIF) and polypropylene (PP) can be made through an
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inlensive mang process 1t was found that newspaper can be fed into the mixer directly,
without defibration. in the presence of water. [n addition o newspaper fiber. corrugated

hoard were also found to have a reinforcing effect on the composiies.

P. Karanja and R.Nath[2.16] studied the charge trapping and conduction in pure and
iodine doped biaxially oriented polypropylene (BOFF). Structural and chemical
modifcation were investigated using X-ray, eptical and infrared methods. Optical spectra
of doped BOPP show absorption at 290 mm from charge transfer complexes. X-ray
examination revcaled a deercases in crystallinity and erystallite size after duping. Effect
of jodine on charge trapping was determined by TSDC technique. Deep traps (IE{JGC
peak) at crystallime amorphous wterfaces are destroyed by 1wdine which provides new
traps (68°C peak) with activation energy 0.9 ev. Pressure dependence of conductivity
indicates ionic conduction in pure samples and electronic conduction in doped samples. It
was proposed that trapped electrons (arising due to donor-acceplor action) are thermally

released through PF lowering, predominately contribute to the conduction.

Character of crystallization nuelei in i-PP was studied by Frantaisek Rybnikar{2.17].
Examination of the isothermal ecrystallization and the effect of melting conditions on
samples of isotactic polypropylene and its compaosite with Talc. combmed with clectron
microscopic observation shows two types of helerogencous nuclei effective in the
crystallization process. The study of the crystallization behavour of 1-PP at various T,
values and of the effeet of melting conditions on the ervstallization nuclei number,
together with electron microscopy, disclosed information on the character of the
heterogeneous nuclei active in the bulk crystallization of i-PP from the melt. Depending
on the meling conditions, two kinds of heterogeneous nucler initiate the crysta]lization.l
At low melting temperatures and / or short melling periods. the metastable nuclei
dominates. represeniing the remnants of the polymer crystalline phave, stabilized above
T, by the action of heterogenities. The sccond kind of stable heterogencous nuclei 1s
most probably associated with the nuclcation substrate, characterized by a lamellar

structure with overall dimensions in the order of several microns. It was asswned that the



nucleation substrate represents cssentially residues of polvimerization catabysts. The
character of the interaction of i-PP with the nucleation substrate lies between
crvstallization on the substrate surface steps and epitasial erystallization. similarly Lo

wihat was established in polveleling Llled with Tale.

The clectrical propertics i.e volume resistivity, diclectric permitivity and dielectric toss
factor as well as thermally stimulated depolavization current { TSDC) were measured on
polypropylenc (PP)- pelycarbonate blends by P Myshinski et al.[2.18]. The results
confirmed the existence of some interactions between the non compatible compoenents of
PP-PC blends. It is observed that the volume resistivity varies proportionally to the blend
composition. Diclectric loss factor versus temperature in the range of ?[]I'—ICI'SC arc
represented by similat cueves for each blends Dielectric loss tactor has sharply increased
abave 130C as for purc PC, and should reach the mivamum at glass' transition
temperature T, of PC ic. at above 150°C. The maximum at 150°C was. however not
found. Thus the contmuous increase of tan & should be attributed not only to the
relaxation of polar groups in PC, but also to the relaxation of free charges in the blends.
TSI current for PP-PC blends depend above all on the PC content, and two maximum of
current intensity arc observed  the higher intensity maximum is at about 150"C. The
Second which could be connecled with the presence of PP in the blends and aitnbuted to
the melting temperature of PP. The maximum at 65°C typical of pure PP, is not observed

for PP-PC blends.

Applying thermally stimulated depolarization current mcthod, anelastic and dielectric
properiies of Polyether-Polyamide copolymer have been studied by H.S. Faﬁ.tqc and C.
Lacabene[2.19]. They have observed that the relaxation peaks tesulling from melecular
motions are similar to those observed in hompolymers. The mechanical properties depend
primarily on the hard segment coustant. The demain morphalogy is effected by thermal
treatment. The same authors have studied the phase segregation in poly (ether block
amide) co-polvmer by thermally stimulated depolarization (TS1). Well defined, complex

and partial phase segregaiion were obscrved depending on the molecular mass of each
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sepment of the copalvmer, A new glass transition peak appearcd when transitions were
observed. Sofl sepment componeni poly tetramethylune glycol (PTMG) with a lower
molecular mass. was tound to be completely amorphous. No additional  Maxwell -

Wagner - Sillers (MWS) cffcet at the phase houndaries was datected.

Creep behaviour of biaxially - rolled PP was studied by 1.X. Li and W.L. Cheung[2.20].
PP was biaxially rolled up to 60% at ambicent temperature and Lhe tensite creop behaviour
pver the temperature range 27 to 60"C was investigated using a dead load apparatus, The
dearees of crystaflinity of the as - molded and rolled PP were determined using a
differential scanning calonmeter (DSC) and density bottle. The DSC shown a shght
change in the crystatlinity during the eatly stage of the rolling process. while the density
bottle indicates a continucus drop of the density with increasing rolling reduction. The
clongation due to rolling was found almost fully rccoverable when the samples were
thrown into hot silicon ol at 180"C. The effects of cold rolling on creep strain. secondary
creep strain rate. and creep activation energy werc investigated. Cold rolling led to an
increase m the creep siain and sccondary creep strain rate. The creep activation energy
was found to increase with increasing rolling reduction. Withim the sccondary creep slage,
the creep process in PP is mainly due to a-relaxanon process and most of the creep stran

wis recoverable,

M. Gahletner et al.[2.21] presented a comparative study of rheological and mechameal
properties of PP compounds with Talc as a minera! filler. It tums out that the main factors
determining the mechanical behaviour, namely (a) filler concentratton, (b) filler particle
size, and ¢) degree of dissipation, infuence the Linear viscoelastice properties as wetl. The
determination of linear viscolastic properties of a mineral filled thermoplastic material in
the melt provide a quick and reliable way to investigate filler propertics and dispersion

qualily.
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Chapter - 111

Experimeﬁtal Details

3.1 Raw materials used in this research work

C-{erpusitcﬁ used in this research work were prepared from Polypropylene (PP) and
Hydrous Magnesivmm Silicate {Talc). Composiies were prepared in different mixil'lg ratios.
Dxtails of Lhe origin and physical properigs of lhe raw materials used m Uns study are

given below,
Y Polypropylene

Polypropylene {Novelen 11001 2510025) was abtained from BASF, Germany in'the form
of solid pieces.

i} Mefting temperature, T,,= 338K
1) Refractive index p = 1.3567
iii) Glass transibon iemperature , T, = 270K

b) Hydrous Magnresium Silicate (Talc)

1t was obtained from Konoshima Chemical Co. Lid., Ozaka, Japan end was in the powder

from. It is scluble in hot concentrated phosphoric acid.

i) Density = 450 Kg/n'
i) Melting temperature , Ty, = 1073K

t4)




3.2 Details of the fabricated extrusion machine set up in the

laboratory

Extrusion is the process of pushing the heated billel or slug ol polymers, composites cie.
through an orilice provided into a die. thus forming an clonpated part of the uniform
cross-seclion corresponding to the shape of the dic orifice. 1t s a faster process. The

products have good tolerances and have good surface finish. Complex shapes can be

casily extruded.

The varieus pans of the fabricated extruston machinc([-’ig. 3.1)561 up in Lhe laboratory are

descnbed below,

1. The extrudcr screw

The most important ¢lement of the cxrusion machine 15 the extrusion serew. 'This
delivers material through the die . The length of the serew 18 divided into three zones:
feed. compression and metering. ‘The purpose of feed zome 15 to pick up the mixed batch
of PP and Tale from the feed hooper and o move them into the main length of the

extruder. In thic compression zone the loosely packed muxtur? 1s compacted and sofiened
o produce a continuous stream of mollen composite from the compression zome and

- feeds it at a controlled rate theough the die.

The screw is driven by an alicrnating current motor. Continuaus variation of screw speed
15 normaily required. A screw of smaller diameter must be operated at a faster speed than

one of the larger dtameter. Speeds of operation range will below 100 rpm to above 100

rpin.

The tubricated extrusion machine set up in the laboratory has the following specifications

[oor the extruder screw.
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L. Length of screw = .80 meter

L Lengtlh between tumns of scrow =0.0 38 meler

. Height of the turns = 0.00635 (starting) meter and  $.00139 meter. (finishing)
v, r.p.m. of the screw = 96

Y. Dameler of the serew = (0 345 mcter

2, The barrel

The harrel surrmmdf;_;; the screw. It resist the pressure penerated by the screw. which
may be as high as 6000 psi Cold water is circulated around Lhe barret at the feed hooper
side to provent thelplastic aranules from sintering  together and thus blocking the feed
opening Usually, the length of the barrel was electrically heated by band heaters around
it. A polymer heated to an excessive temperature could degrade. The cooling system may

use water in copper tubes, room or suppliad by fan or other means.

The fahnicatcd extrusion machine set up in the laboratory has the following specifications

for 1he barrel.

i Length of the barrel = 0.082 meter.

il. Inmer diameter = .012 meter,
1 Chuter diamecter = 007135 meter,

R Profilc dics

Dies [or profiles such as moldings, counter edging, rods etc. have an orifice of the
approximate shupe and size of the required contour, the final shape developing outside
the die as the material wraps and shrinks or cxpands. By tral on the extruder the shape of
the die orifice is modified as required. The size and shape of an extended protile can also
be changed by altering the extrusion speed and the rate of cooling aller the composite

leaves the die. Usually the die orifice 13 made oversize.
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4, Cooling and take off equipment

As the fluid composile leaves the dic. it must be supported by a shaping ﬁxtux;c usually
\ \ . . | B,

called a sizing plate. to retain the desired shape through the period when the materal

coals. By changing the speed of the take of( equipment it possible to control the

dirmension of the contour; a faster take off will produce greater draw down.

5. Breaker and screen pack

At the end of the screw the plastic is delivered through a breaker plate and screens to the

die. The breaker plate is a thick plate drills with holes about 1/8 to 1/4 mch in diameter.
1 li screen pack consists of several lavers of stainless wire screen which stain out foteign

material and unmelicd pranular substances

. Heulers

The fabricated machine has three heater situated at distance 0.09 meter froml each other.

The heaters can heal the barrel up to 313K,

7. Muotar

A mwtor (3 MP. 1440 rpm) was incorporated to the extrusion machine. The diameter ol
|

the motor pulley is 0.3048 meter and driven pulley is 01076 meter. |

It
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3.3.  Preparation of the different samples

Samples with different composition ratios of PP and Tale were prepared by the following
way, At first, five batches of different mixing ranos were made with PP and Tale
according to the following tormula,

{(10-X)PP: X Talc | X=1.2.3,45]

Besides these a pure Polypropylene sample was alse prepared.

The mixtures were put into separate pot and then mixed uniforoly as much as possible.
The different mixtures were melt by cxrrusion technique, [mitiaily the three heaters ol the
extrusion machine were switched “ON" for about ome hour, When l'u';-:' the barrcl
temperature was reached to o temperature of about 513K, the mixture was put mto the
feed hooper. The motor was then switched *ON" to send the batch from the lecd hooper
into the barre! through the feed rone. The matenal was then melted during passing
through the compression and metening zone and the molten material was then collected
through die in the form of rod. The rods were cooled in a water bath during collection.
The rods were then cut with a hexsaw to pellets, The surfaces were polished. Thus the die
shape specimens of composite pellets of different thickness were oblained Then these
were pressed using a hydrawlic machine to a pressure of 5000 PSI at 398K for five

minutes.
3.4 Electrode deposition

The samples were stored in a desicator for one week. Then silver day (Tedinings silver
1200, DEME]RON. Germany) was applied te cach of the {irst circular surface. The
silver dag coated area on bath the surfaces of a sample were cqual. Ilere wilver dag acts as

conducting metallic coating . Thesc coatings served as electrodes for TSDC

measurements.
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3.5 UV - Visible optical absorption spectroscopy

The UY - visible optical absorplion spectra ol different samiples were recorded at room

temperature using an UV-visible recording spectrometer UY-160A of Shimadzu
P £ £ sp

Comporation. Japan.

3.6 Instruments used in TSDC Measurcments

{a) Keithley 614 Electromcter

A digital Kiethly Electrometer {model 614, Keithley Instrument Inc, Cleveland, Ohio.
U.S..4) was used for D.C current measurement. It is a very sophisticated instrument and it
has a versatile uses. 1t can measure a wide range of d.c voltages. currents, resistance, and
cleciric charge. Resistance ranpe of ihis model is from 1 ohm to 2 X 10" ohms using the
constant current technique. This electrometer can measure current as low as 107 A
Voltage range is 10pV to 20V with an input impedance of greater than 5 X 10" ohms. It

has an analoy output of 2V,

{b) D.C Power Supply

A high voltage d.c power supply was used which was designed and fabricated from
Bitek engincering workshop. Dhaka. This umi 1s capable ol supplying d.c. vollages from

0 to 600 volls with a current range from 0 to 100 mA.,
{c) (il Rotary Pump

An oil rotary pomp { VS35A) was used to evacuate the specimen chamber. A pressure of

about 107 tor can be attained using Lhis pump.
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{d) Specimen Chamber

Specimen chamber shown in Fig. 3.3 is designed and fabricaled in the laboratory with the
help of the university workshop. This unit =‘1 basically consists of two main parts. mainly.

the stainless steel tube and the sample holder

A siaintess steel tube having inner diameter of 0045 m and length 0.24 m is uscd. The
tower end of the tube is closed by welding a circular piece of stainless steel sheet. At the
wp of the tube one flat stainless steel shest (0.092 X 009 mz} with a circular hole
(diameter 0.0435 m) at its center is welded Another stainless sieel sheet (same as above)
with a hole of the same dimension is welded 1o a stainless steel tube of diameter (:.045 m
and of length 0.2¢ m. A O-ring 15 placed in between the lwo stainless steel sheets. This
prevents the air leakage when it is evacuated. The upper portion can be tixed to the lower
portion by screws. The top opeaing is closed tightly with a teflon stopper. Two copper
leads {efectrodes) which hold the specimen holder and a Cromel-Alumci (Cr-Al)
thermocouple - i§+ inserted through this teflon stopper. A thick layer of mica sheet is
placed on to the inside wall and bottom of the stninless steel whe for electrical insulation,
‘I'he distance between the leads is about 0.014 m, There is a side tube welded to the main
slainless steel tube which acts as an cuattet of (he chamber. A totary vacuum puimp 15
comnected to the chamber through the side tube with the kelp of rubber tubc. By this
pump a pressure of about 1072 torr can be obtained. Required temperature in the chamber
can be maintained by a heanng tape which is wrapped outside the tube and s

temperature is controlled by a variable transformer. Sample holder 1s a spring system.

{c) 1leating Tape

A heating tape (ISOPAD LTD BOREHAMWOOD, HFRTS, ENGLAND) was used to
heat the specimen chamber. It is gbour 1.75 m long and .03 m width tape. It can be

wrapped around the specimen chamber casily.
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Fig- 3.3. The schematic diagram
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{H Pen recorder

A Shimadzu XY-50 pen recorder was used to record the TSDC spectrum. The analog

output of the digital electrometer was connected to the input of Lthe recorder.

(r} Variac

A Yamabishi volt - slider (Type 58 - 260 - 10 No. 38 - 1) was connected 1o the heating

Lape.
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3.7 TSDC MEASUREMENTS

3.7.1 Gencral procedure for TSDC measurements

The general procedure for TSDC measurement is described below. The specimen was
first polarized with a de. field L at temperatare 1, for @ tme 1, Here T, s called
polarizing temperature, E is called polanzing ficld and L, 1s called pelarizing time. T,
shoufd be high enough for dipole ahgnment but low enough to avoid significant space-
charge polarization. The specimen with E; still applied, is quenched to a low temperalure
T, < T, . where dipole motion 15 essentially neghgible. At T, E, was removed, the
twa electrodes are temporanily short circuited for certain period of time and the specimen
was connccted to an electrometer. As the specimen was heated al a constant rate, the

discharpe current was recorded as function of temperature by a pen recorder

3.7.2 The present TSDC measurcments

At first the specimen was placed in bebween the clectrodes - The specimen chamber was
cvacuated to ahout 107 torr by a rotary pump. 1hen the temperanire of the specimen was
raised Lo different fiaed temperature called polarizing lemperature (T,). After altaining a
particular T, . an electne ficld was applied across the speciinen to polansc it for a period
of tme called polarizing time t, = 15 min. The specimen was then quenched to a lower
temperature T, = 223K by immensing the specimen chamber in liquid nitrogen with the
field “ON™. At T, the clectric field was removed and the two electrodes were shorted for

about 10 min to discharge any evcess charpe. Then the electrometer was connected to

measure the depolarization current

The linear nercase of the temperature with time in the chamber was ensured by heating
the tape connected to a variahle transformer. lo mainlain constant healing rate. the vanac

was adjusted manually by increasing or decreasing the applied vollage by the variable
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transformer which was ensured on practice earlier. The heuting rate was maintained 1o

about 3 B,

In the present TSDC measurements, cach sample was first pclarized by a {ixed polarizing
voltage, Vo = 500V at various polarizing temperatures, T, = 333, 353, 373 and 393K for
pelarizing time, tp = 15 mun and then polarized by different Vp = 300, 400, 300 and

150V ata fixed T\ = 393K for tp = 15 o,
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Chapter-IVY

Results and discussion

4.1 UV- Visible optical absorption spectra

The room temperatire UV- visible absorption spectra of PP zad PP-Tale compuosites with
different wi(%) recorded in air in the wavelength ranging  from 200 to 800 nm are
presented in Fig. 4.1. It is observed that the absorption iacreuses drasticatly with in

creasing tale (wi%e) throughout the whaole wavelength range .

It is observed that there 15 an absorption mimmum arcund 370-4 14 nm in the spectra of
composites whereas absorption increases monatonically with decreasing wavelength in
case of PP . The absorption spectra of PP shows a peak at 273 nm which may be
atrributed to the possible associabon of oxygen in the PP matrix dumnyg pmccslsing . In
biaxiafly oriented PP a week band has been observed at 390 nm which was attributed to
impurities and/or additives [4.1]. Such bands arc also seen al about I80-400 nm in the
present measurcment. There is a band at 300-350 nm which raay be due to n-n* and mw-n*
transitions. The absorption co-cfficient. «, was calculated irom the measured optical
absorption for PP and PP-Tale compuosites presented in Fig. 4.1 The spectral dependence
of it as a function of by for all the samples are shown in Fig. 4.2, It is scen that the edges
do not fall sharply, This indicates that there are  defect states within the ba_ndgap, The
bandpaps (F.,) determined  from the intercept of the line drawm in the high ener'r_:} side .

The values of L, are depicted in table [ It is seen that the E, valuc decreases afier adding

10¢wt%) Talc in PP and it is not much alfected on further addition of Tale 1n PP.

In
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Tabie- I Bandgaps for different samples

Samplc E. (V)

Pure PP 160
PP:Taiec = 9:1 )
PP-Talec = 8:2 1.0
PP:Tale="7:3 ) 0.75
PP:Talc = G:4 .90
BP:-Talc= 5:5 {1.80

4.2 Thermally Stimulated Depolarization Current (TSDC)
measurements

4.2.1 TSDC spectra for purc PP

Fig 4.3 shows the TSDC thermograms for different ¥V, and T, of pure PP charged by high
electric field injection. These arc asviumetric in shape. Two discharge cuitent peaks were
observed with high intensity at the lower temperature region and low intensity at the
higher temperanire region in all the runs. However for both penks . there may exist a

distribulion of relaxarion times and activation Ciergies.

Curve (a) in Fig. 4.3.x and curve (d} in Fig 4.3.y for ¥V, =300V and T, = 393K shows Two
broad peaks at about 323 and 410 K in the investigated temperature range. The maxima
[or PP could be connected with the rclease of free charg: carmers frem their traps
depending on the polymer morphelogy {4.2]. The higher temperatare peak may be
attributed  to deep charge trapping in the crystalline region and for at the Icr‘ystal]ine
amotphous 1nterfaces. The broad peak at 323K may be due to impurity and for defect
traps in the amorphous region distributed in energy. The possible existence of impurity

and / or defects in PP was also observed in the UV-VIS measurememts. P. Myslinski ct.al.
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[4.3] reported TSDC and diclectric properties of PP-Polyvarbonate blends . In their
investigation, they observed two maxima at about 338K, and 293K in the TSDC
thermogram of PP. Charge trapping and conduction in pure and jodine-doped biaxially
oriented PP (BOPP) were studied by P'. Karanja and R. Nath |4.1]. They found ihat the
two maxima occurred al about 361 and 393K n BOPP. K. Shindo |4.4] investigated the
charee  migration in PP and polycthylene teraphthalate (FET) by TSDC and T>5PC
measurements . 1 hey observed a singled peak at about 430K in PP . The deviation of the
reporied resulis  from the resulis of the present mvestigation is vbvious . Beeanse the
above mentioned reports were based on different measurcment conditions and different
types of PP, Even then the results ohtained in the present study have some corrclation
with the reported ones as far as charge trapping in the fower and higher temperatures are

concerned.,

It is seen in the TSDC thermoyrams for constant ¥V, at various T;'s und for constant T,
with various V,'s that the high temperamre peak 15 more affected compared with the low
temperature peak. 1he dependence of the high temperature peak and the low temperature
peak maxima on ¥, and T, may be due to the interfacial and dipolar polarizatien

respectively. This fact will be discussed again in the fullowing sections.

4.2.2 TSDC spectra for compaosites

The TSDC thermograms of the five composites of PP- Tale at different ¥V and T, are
presented in Figs. 4.4 - 4.8. It is seen that in all the spectra, the peneral feature 1s the same
as that of pure PP, 1t is seen that the low temperature peak maxima shilt to the region 285
- 310K and the high temperature peak maxima shift to 400K and below. The low
temperature peak of the composites ate away towards low temperature side from the low
temperarure peak of PP. Thus it may be assumed that these peaks are due lo the charge
motion for the addition of Tale in I'I°.

It is observed that with the increase of the amount of Tale in PP, the low temperature

peak maxima has appeared between 285 and 310K weekly semative to Vi and T, whercas
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the high temperature peak becomes weaker. This weakenmyg of the high lemperature
peak could be understood by infermng that Tale may take e, place at the crvstalline -
amorphous interfaces and tn the crystalline region which presents space charge trapping
at these sites and (hus fead to the weak intensity band at about 400K, Tt 15 also seen that
this peak appcars again on annealing in all the composites. This sugeests that those
charges injected from the electrodes are somehow captured by Tale and ne longer able to
accumulate in the semicrystalline region of PP 1e. the composite may change 'y towards

the semicrystatline morphology as that of the pure PP.

To see at a glance. TSDC spectra of the composites together with that of PP at ¥V, = 500V
and Tp = 393K for t, = 15 min are shown in Fig. 4.9. [t is observed that both the peaks
shifi to the low temperature with the increase of Tale content (wi%) in PP The low
temperature peak docs not change much wherens the high lemperature peak becotneg
broad and weal:. For further understanding, the dependence of the total released charge ().

with Tale contents and ¥, w11l be discussed 1n the next section.

4.2.3 Dependence of the total charge () released on the ¥p and Tale

content {(wt%)

integrating eqn. {2 3) (chapter 1) over a wide range of temperature vields the total charge
released [rom the clectrodes during the course of the movemem of charges. Thus the

tenal charpe. Q, liberated during a TSDC run can be obtained using  the following

EXPreEsion.
iz .
Q= [Jp(t) dr (4.1)
4

where Jp (1) is current density of the charpe released from 2 sample during the heating
over a time period b to t;p. For the case of dipele orientativn egn {2.2) { chapter- [1) shows
that the charge will be lincar in the polarizing voltage. TSDIC may also result from the

motion of space charge injected into the insulation during polanzanon. In general. one
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does not expect a lincar rclationship between charge released and polarizing vollage for

TSDC due to space eharge motion [4.5]. The dipoles may be true melecular dipoles or
o - |

they may he the result of inlerfacial polarization (Maxwell - Wayner etfects) or charge

|
hopping in a double well patential. |

The areas under the low temperature peak {283 - 323K} of the T3DC curves ot all the
samples were measured following egn. 4.1 in order to obtlain the totad released charge, Q.
A plat of Q@ versus the polarizing voltage Vp is presented in Fig. 4.10. This plot shows
that  can reasonably be related o V) linearly which suggests that the peak is due w©
dipole relaxation, Thus a possible mechanism is the displacement of ions within the silica
sheets of Talc, In order 1o see the effcet of Tale conteni {wt%u} en the chorge storage
PP, 0 versus Tale content {(wt%a) in PP was plotted and are presented in Fig. 4.11. Tt s
seen in Figs. 4.10 and 4.11 that Q increases linearly with ¥y in all the investigated
composites whereas ) tends to decrease with Tale (w4} in PP at all the polarizing
voltages, The tendency of decrease of the @ with Talc conlent (wi%) may be due to

increased repulsion force berween the cations at the higher Tale concentrations.

The peak current 1, was plotted against V, and Talc content (wi%) in PP and is shown in
Iig 4.12.x and 4.12.¥ respectively. Ii is seen in these figures that. the Im'“"t' increasexwith
polarizing voltages, V, , whereas [, seems to be poorly dependent on Tale content {wi%)

with a minimum at about 30 wt % Tale.
4.2.4 Activation energy from TSDC

The activation energy ol the trap fevels may be determined in different methods [4.6] as
deseribed in Chapter- 1. The inital nse method gives a good estumate of activation
energy of 1SDC when no obscuring etlects from shallow traps are present on the initial
rise. For this reason, the initial risc technigue may not provide an accurate estimate of the
activation cnergy of a TSDC containing multiple peaks. In such cases, the activation

energy 15 caleulated using the theories based on the temperature intervals in which J;(T)

i}
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passed beiween the hall maximum and full maximum vzhie. Thus, the activation energy is

prven by Grossweiner [4.7]

g = 151 Film (4.2)

T, — 1

whete T is the peak temperature and T; is Lhe temperature at which the peak half height
ocours in Lhe increasing pari of the curve. The activation energy values obtained for the low
temperature peak by using formula (4.2) for all samples are documented in the appendix.

The activaiion energy for pure PP is about 0.45 to 0.60 ¢V and that for the composttes is
abaur 0.50 to 0.87 eV. The activation energy increases wilh the increass of Tale (wit%) in
PP. The studies on Zeclie {illed low density polyethylene (LDPE) by TSDC reported the
values of the activation enerpies 0.45 to 0.30 €¥[4.8]. In Lhis paper the authors arpue that
the dipolar polarization is due to the dipole formed between the positive 1ons in the zeolite
cage and Lhe form of the zechle self which w negatnely charped In the PP-Talc
composiies, the dipole may be formed between Lhe Mg ions situated between the two
silica sheets and the O™ ions sifuated on the surface of the Talc sheets-Fig. 1.3. This dipole

S

polarization is affected by the swrounding polymer.
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Chapter-VY

Conclusions

3.1 Conclusions

In this work the PP- Tale composites with different composition of PP and Tale were
prepared by extrusion technique . Since the electrical , optical and other propertics of a
two-phase composite material depend on both the type and waight/ volume fraction of the
filler and the matrix and their interaction, this project was undemaken to study the PP-
Tale composites as an electret. For this purpose, the UV-VIS absorption and TSDOC
measurcments were performed on PP and iive different PP-Tale composites. From the

abtained results. the [ollowing conclusions can be drawin,

The absorption increases with Tale content {wi%) in PP whureas the bandgap decreases

The absorption spectra show the presence of impurity and / o1 defect lraps in the matnx.

Al the Tonw temperature. charge releases from the 'mpurity and / or defect traps in the
amorphous regions of the polymer PT and al high temperanvre. charge releases from the

deep charge trapping sites in the crystalline-amorphous interface.

Analysis of the TSDC curves of the composites yields that the low emperature peak in
the composite 13 duc to the n:-:lip::rlar relaxation in the Tale. There may be some
contribution from the trapping sites of the polymer PP, The total charge released. {), has a
decreasing tendency with the Talc content (wt%h) which may be due to the repulsion force
hetween the calions, Reduction of intensity of the ngh temperature peak may be due 1o
the existence of Talc in the crystalline-amorphous interface which compensates the
charges to be released. The maximum activation energy for the PP 15 0.60 eV and for the

compasites is .85 eV,



5.2 Suggestions for further study

In Lhis Lhesis an attempt was made $o investigate one of Lhe electrical propertics, the charpe
storage and charge relaxation m Talc based PP-composiles. In (uture, the structural
dieleciric and mechameal properties of Lhese materials should be studied. Agam, Lhe above
investigalions with different fillers and different fillcr size will be of much help fo
understand the effect of filler rype and structure and their interachion wilh mamx polymer
PP.
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Appendix

Yalues of Q, Im, Tm and E

Sample | Polarizing | Charge Peak Peak Activation
voltage |} Q x10-9 | Current | Temp. energy

Vpvolt. | C€oul [Ip«10-12| (T | E(eV)

A inK |

500 9.00 0.59 323 0.442

Pure PP 400 .90 0.56 315 0.467
300 6.90 0.54 303 0.428

150 4,70 0.44 308 0.599

500 8.90 0,60 303 0.520

FRiae 400 7.07 0.56 303 0.635
' 300 6.70 0.52 303 0.652

150 4.47 0.44 304 0.666

500 8.66 0.55 310 0.621

PR 400 6.74 0.50 303 0.638
' 300 6.32 0.46 298 0.572

150 5.29 0.40 285 0.832

500 7.07 0.55 298 0.721

PPiTale] 400 6.44 0.50 308 0.796
‘ 300 5.66 0.45 298 0.732

150 4.18 0.35 298 0.791

500 7.07 0.55 303 0.821

PP:Tule| 400 6.32 0.45 298 0.812
‘ 300 529 0.44 310 0.865 -

150 3.87 0.40 285 0.872

500 6.63 0.67 285 0.880

400 6.00 0.60 298 0.832

300 4.74 0.45 330 0.872

150 3.87 0.45 . 283 0.868
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