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ABSTRACT

Intrinsic conducting polymer along with conjugatednds has been attracting
much attention as advanced materials. EspeciallyaRiine is one of most
attractive conducting polymer because of its highductivity & stability in air.
The research work deals with conducting ferromagnenocomposite prepared
by the insitu emulsion polymerization of aniline mooner with cobalt ferrite in
different monomer to ferrite weight ratio at 0°C aqueous solution of dodecy!
benzene sulfonic acid(DBSA). The structures of pladymer composites were
characterized by X-Ray Diffraction, Fourier Transfe Infra Red, Ultraviolet—
visible (UV-Vis) absorption behaviors, thermal sliab by Thermogravimetric
Analysis, particle size was measured through XRidl the microwave absorption
properties in 12.4-18GHz are carried out with Netwanalyzer. The resulting
composite possesses the conductivity of 0.2-0.4%fedhsaturation magnetization
of 22emu/g respectively. These conducting polynearité nanocomposites are
particularly used as electromagnetic wave absordedsEMI shielding materials,
it is very important to explain the variation ofrpeability and permittivity in the
measured frequency ranges. The effects of the wdightion of PANI-cobalt
ferrite composite on the frequency dispersion attarsstics of the complex
permittivity and the electromagnetic interferenchiekling effectiveness of
conducting polyaniline PANI- cobalt ferrite compesi has been studied in the
range of 12.4 to 18 GHz. It was observed that dimgleffectiveness of the PANI-
cobalt ferrite nanocomposites increases with tloeegse in the concentration of
cobalt ferrite in conducting polymer composites.eTshielding effectiveness of
PANI-cobalt ferrite nanocomposite has been founde®2.3 dB between 12.4-18

GHz for the nanocomposite of 1:3 volume ratio
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1.1 Introduction

Conducting polymers have emerged as an importass df electronic materials because of their
potential applications in solid state batterieql,2lectrochromic displays[3,4], and
microelectronic devices, antistatic coating [13,ktE. The electrical conductivities of the
intrinsically conducting polymer systems now rarfgem those typical of insulators (<19
S/cm) to those typical of semiconductors such ksogi (~10° S/cm) to greater than 1@/cm
(nearly that of a good metal such as copper, 581€m) [4,15]

The various examples of conducting polymers arggtbylene, polyacetylene, polythiophene ,
polypyrole, together with derivative of these pogna Among these polymers, polyaniline is
one of the most studied conducting polymer dugstduinable electrical conductivity, redox and
ion exchange properties, excellent environmengddity and ease of preparation.
Polymer-based nanocomposites[5-8] represent a mewept in the development of systems
exhibiting functional properties resulting from tegnergistic interaction between the disperse
phase and the matrix.

In recent years much research attention has bedngtne conducting polymer composites with
one or more magnetic materials so that polymer gases both electrical as well as magnetic
properties. For the absorption of electromagnedidiations, ferrites are incorporated in the
polymers as they possess high magnetization valdeish make them useful at higher
frequencies

Nanocomposites of polyaniline are very significdoe to their wide application ranging from
medical sciences to electronic applications. [9¢ Thmposites of polyaniline with nanopatrticle
of different functional oxides have been studied][The prospect applicability of polyaniline —
nanoferrite composite in electromagnetic shieldjhd,12] has allured scientific community

since last decades.

1.2 Conducting Polymers

The discovery of electrical in polyacetylene [26hs been seen as new era in science and
technology because it has opened the door of platéctronics. The partial oxidation of



polyacetylene by iodine made it*lfimes more conducting than it was originally. Tthiscovery
has been appreciated as nobel prize in the fietthemmistry in 2000 [27,28,29]. The conductivity
in such polymers is a result of two important fastoe. density of charge carriers (electrons and
holes) and carrier mobility. The density of chacgeriers in conducting polymers is%® 1G>

per cc but the mobility of charge carrier is linitenly to 106*to 10°cm2 per volt sec. Therefore
higher mobility is necessary criteria for highendactivity. The higher mobility will come with
more crystalline, better oriented defect free matéo be utilized in different applications. This
improved aspect could be achieved by improving @seability. The various polymers and there

conductivities are shown in fig. 1.1

Polymer i Structure | Approximate
[ Conductivity
_—= (Siemens/cm)
| Polyacetylene (CH), ' 1
| Polypyrrole / \.
‘CL}% 500-7500
I
H

Polythiophene

m 1000
|
S
Polyphenylene -
vinylene M 10

Polyphenylene

10°

Polyaniline i . ) e

Fig. 1.1 various conducting polymers with their stuctures and conductivity



1.3 Types of Conducting Polymer

The conducting polymerfave been categorized in three main groups. Thegafollows:
(a) Intrinsically inherently conducting polymersp€)

(b) Conducting polymer composites

(c) lonically conducting polymers

The important characteristics of them are discugséallowing subsections.

1.3.1 Intrinsicaly conducting polymers (ICP%

An organic polymer that possesses the electritedtr@nic, magnetic and optical properties of a
metal while retaining the mechanical propertiegcpssibility etc.commonly associated with a
conventional polymer, is termed an "intrinsicallgnducting polymer” (ICP) more commonly
known as "synthetic metal". In 1975, the first papen the novel metallic polymer, poly (sulfur-
nitride), (SN)x appeared in the literature. It wasl976 that A.G.MacDiarmid, H.Shirakawa,
A.J.Heeger and coworkers[27-31] discovered organmducting polymers and their ability to
dope these polymers over the full range from insult metal. That event heralded the dawn of

a new era of conducting polymers.

The most common examples of intrinsically / inhélseoonducting polymers are Polyacetylene,
Polyaniline, Polypyrrole, Polythiophene, Poly (peplglene), Poly(phenylene vinylene) etc. The
unique electronic properties of the conjugated melss are derived from the presence of
melectrons, the wave functions of which are delaealiover a long portion of the polymer
chain when the molecular structure of the backhbsndanar. It is therefore necessary that there
are no large torsion angles at the bonds, whichldvaliecrease the delocalization of the

melectrons system. The essential properties of thlecdlized welectrons system, which



differentiate a typical conjugated polymer fromaneentional polymer with sigma bonds, are as

follows:

(a) The electronicx) band gap (EQ) is relatively small (~ 1 to 3.5 eWith corresponding low

excitation and semi-conducting behaviour;

(b) the polymer molecules can be easily oxidizedentuced, usually through charge transfer
with atomic or molecular dopant species, to prodimalucting polymers;

(c) Net charge mobilities in the conducting state &rge enough so that high electrical

conductivities are realized, and

(d) Quasi - particles, which, under certain cooditi, may move relatively freely through the

material.

The electrical and optical properties of these nmtedepend on the electronic structure and
basically on the chemical nature of the repeatimyy The electronic conductivity is proportional

to both the density and drift mobility of the cars
1.3.2 Conducting polymer composites

These are usually prepared by the addition of cotmaty fillers in the insulating polymer matrix.
The conductive filler commonly used are metal flgkgraphite, conductive carbon black, etc.
These filler are loaded in the common insulatinglyfers like PP, PVC, LDPE, etc, to get
conducting polymer composites or master batchessdlare the materials exclusively used as
the commercial conducting polymers. These are aseé$emiconducting layers in high voltage
applications”, EMI Shielding materials, etc. Thejongoroblem in this area is the processing
problems created due to the filler loading. To gdficient conductivity for these applications,
filler loading of more than 20% is required. Thighrer addition of these rigid fillers will cause a
drastic increment of melt viscosity, which causesosls processing problems. Moreover, these
fillers also affect the properties of finished pucts like aesthetics, brittleness, poor finish, etc
Hence, there is need to develop process whereteimative material or blend can be prepared
preferably from conducting polymers.



1.3.3 lonically conducting polymers/charge transfecomplexes

Charge transfer complexes are formed as a resuheofnteraction of the electron donor and
acceptor molecules which are in neutral groundestatvhen a complex of the donor tetra-
thiafulvane (TTF) and the acceptor 7, 7,8, 8'@&yano pquinodimethane (TCNQ) in 1: 1 mole
ratio was mixed, a charge transfer complex was éarhmaving conductivity at room temperature
of the order of 500 ohfitm™ which increases to #hni‘cmon cooling. In this class of

organic metals, the general requirement of thissctdf materials conductivity is that either of the

two or both components in these are planar molscwuih delocalizedr electron system.

Fig 1.2 structure of TCNQ and TTF

1.4 Conduction Mechanism

A major obstacle to the rapid development of cotgagolymers was the lack of understanding
of how electrical current passes through them. cddlhductive polymers have one thing in
common: they contain extendetlconjugated systems. In becoming electrically cotidegca
polymer has to imitate a metal, that is, its el@asrneed to be free to move and not bound to the
atoms. The first condition for this is that the ypoér consists of alternating single and double
bonds, called conjugated double bonds. Polyacetylprepared through polymerization of the

hydrocarbon acetylene, has such a structure:

Figure 1.5: Polyacetylene



Fig 1.3 Structure of polyacetylene

However, it is not enough to have conjugated dobbleds. To become electrically conductive,
the plastic has to be disturbed - either by renpelectrons from (oxidation), or inserting them
into (reduction), the material. The process is kn@s doping.

1.5 Process of Doping

When we compare some common compounds with regarcbnductivity, we see that the
conductivities of the polymers vary considerablyop@d polyacetylene [30,31] is, e.g.,

comparable to good conductors such as copper aret,sivhereas in its original form it is a

semiconductor

Fig 1.4 -Conductivity series

The polymer molecules, consists two bonds viz. asigponds anct bonds. The sigma bonds are
fixed and immobile. They form the covalent bondsMeen the carbon atoms. Timelectrons in

a conjugated double bond system are also relatieeBlized, though not as strongly bound as
the sigma electrons. Before a current can flow@lkie molecule one or more electrons have to
be removed or inserted. If an electrical field hert applied, the electrons constituting the 1t
bonds can move rapidly along the molecule chaire Tbnductivity of the plastic material,
which consists of many polymer chains, will be tiedi by the fact that the electrons have to
"jJump" from one molecule to the next. Hence, thaict have to be well packed in ordered
rows.The process of doping is of two types i.e ati@h and reduction doping.

Oxidation with halogen (p-doping): [CK} x h —#CHJ" + x e-

7



Reduction with alkali metal (n-doping): [CH} x N& —f&€H]i+ x Na+

1.6 Polaron Doped Conjugated Structures

As discussed earlier in oxidation type of dopirge halogen molecule attracts an electron from
polyacetylene chain becomé hthe polyacetylene molecule now becomes posyticblarged

and is termed as radical cation or soliton.
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Fig 1.5 Polaron transfenechanism

The lonely electron of the double bond, from whachelectron was removed, can move

easily. As a consequence, the double bond sucedssmoves along the molecule.

NN NN NN NN
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In the same way the double bond moves further tittout the chain. The positive charge, on the
other hand, is fixed by electrostatic attractioritte iodide ion, which does not move so readily.
If the polyacetylene chain is heavily oxidized, groins condense pair-wise into so-called
solitons.The charge moves throughout the chain l&meously moving the double bonds. These
solitons are then responsible, in complicated wiysthe transport of charges along the polymer
chains, as well as from chain to chain on a maojsccale.

1.7 Polyaniline

Polyaniline was the first conducting polymer to frepared, when in 1862 H.Letheby of the

college of London Hospital in the U.K. anodicallyidized aniline in sulfuric acid but there had

been only limited interest in this polymer untiethesurgence of interest in conductive polymers
driven by the high conductivities found in polyadehe when doped. Polyaniline is easily

produced by oxidation of aniline.

Due to its ease of synthesis and processing, emmieatal stability, relatively high conductivity
and cost economics, polyaniline is probably the tnmadustrially important conducting polymer
today. Polyaniline is a typical phenylene baseymel having a chemically flexible -NH- group
in the polymer chain flanked by phenyl ring on eitlside. Polyaniline represents a class of
macromolecules whose electrical conductivity carvdméed from an insulator to a conductor by
the redox process.

This polymer can achieve its highly conductive estather through the protonation of the imines
nitrogen’s or through the oxidation of amine niteog For example the conducting state of PANI
can be obtained in its 50% oxidized emeraldineestabqueous acids like HCI and the resulting
material is a p-type semiconductor.

1.7.1 Different Forms of Polyaniline
Polyaniline has several oxidation states as showrfigure. The most stable of those is

emeraldine base (EB), having equal amounts of emtland oxidized repeating unit.The fully
oxidized form is pemigraniline and fully reducedrfois leucoemeraldine. Doping emeraldine

10



base with acid (dopant) results to a conductiveraldime salt (E8).The polyaniline EB is the
basic building block of polyaniline products.
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oo, o0 -
,f" o “\Nf A - \'\

\ﬁ A N

A

W o gk o W & i+ QI

Fig. 1.6 Various forms of polyaniline (a) leucoemalidine base (b)
Emeralidine base (EB), (c) Emeralidine salt (d) paigraniline base
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Besides offering the prospect for cheap scale-ofyapiline has very important properties that
distinguish it from most of the other polymersthat the state of conductivity is determined not
just by the state of oxidation but also by theestatt protonation. This extra degree of freedom
accounts for the rather wider range of forms fdyaoiline than for the other polymers. It exists
in several oxidation states with electrical condlitst varying progressively from 18S/cm' to
more than 10 S/cth Different compositions of polyanilines have ditfat colours and electrical
properties. However, only one form, called the exttkne salt, is electrically conducting. It is
synthesized easily by electrochemical or chemicalation of aniline in aqueous acidic media,
using common oxidants, such as ammonium peroxydisulMechanically flexible, dark-blue
films of conductive polyaniline also have been aebd by protonic doping of emeraldine films
cast from Nmethylpyrrolidinone (NMP) solutions. Bmic doping, accomplished by dipping the
emeraldine films in acid or passing a gaseous acé& them, protonates the imine nitrogen
atoms in the backbone of the polymer. The condeatmeraldine salt becomes the insulating
emeraldine base when treated with aqueous alkailis Emeraldine form, polyaniline differ from
other conductive polymers because partial oxidatioreduction is not necessary to dope it. A
highly conducting state is accomplished by simpletgnation of imine nitrogen atoms in the
emeraldine base backbone. Because protonic dopieg bt change the number of electrons in
the polymers, its conductivity depends on the phkhefsolution it is treated with. The first three
forms show a progression in degree of oxidation:

(a) Leucoemeraldine base, in which the polymeully feduced.

(b) The emeraldine base in which 50% of the nitnsgare now in imine units rather than the
amine groups of (a).

(c) Pernigraniline base in which all nitrogens sremine groups and the all three forms, (a) to
(c) are non-conducting with full or zero occupatefrenergy bands.

What gives polyaniline its particular significanisethat the partially deprotonated forms of the
polymer, emeraldine base, can be protonated witlunainge in the oxidation state. This
protonation results in the emeraldine salt formyhrch all the nitrogens are protonated but with
only 50% of them charged and carrying an associatgsh (commonly a chloride for polymer

formed in aqueous HCI).Although it might be expédctieat the degree of oxidation of the base
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forms might vary smoothly from 0% imine, to 100%inen it is now well established that the
emeraldine base, which represents the mid-way foititis progression, is a welldefmed phase.
The emeraldine salt is the highly-conducting forintlee polymer. Conductivities for non-
oriented films produced with chloride as counter-ave not much more than | S/cm, but recent
improvements to above 100 S/cm have been madedigcmment of the chloride by species
such as camphorsulphonic acid. Within band modetstifie conduction processes in the
emeraldine salt, the metallic behaviour arises ftbenpresence of a half-fillew bond and, in a
polymer chain which is taken to possess a unifotracture (the polaron lattice, with no
dimerisation associated with a regular arrangemeobunter ions alongside the chain.

Control of the state of protonation is easily afiéecin the laboratory, and the chloride salt is
readily taken from highly conducting state at low f the low conductivity state at pH above 4
or 5. However, for applications as a conductinganal, it is very important that there is no long
term loss of acid (here HCI), and there have bdfemte made in various ways to prevent this
from taking place. Attachment of the anion to tledymer chain has been achieved by treatment
of the polymer with fuming sulphuric acid. This l&ges one of the protons on the ring with a
sulphonic acid group, and produces a material whiathws a conductivity which is very much
less sensitive to pH than the standard emeraldydeobhloride. This sulphonated form of the
polymer shows a lower conductivity than emeraldwgdrochloride, no higher than | S/cm, but
retains its conductivity up to pH 7 or 8. An altatine strategy is to use a large, polymeric poly-
anion, and it has been found that the salt form&t wolyvinyl sulphonic acid, [-CH2-CH
(SGH)T x, shows very similar properties in terms of cocilvity and sensitivity to pH to the
directly-sulphonated polymer.

Solution processing of polyaniline has now beenieadd in a number of ways. Firstly, the

emeraldine base form is soluble in N-methyl pydohe, NMP. This has allowed a fair measure
of control of the material, although it would be mmodesirable to process directly in the
conducting form. Concentrated sulphuric acid i® @ssolvent for the emeraldine salt form, and
there has been some considerable effort made wegsan this way. Sulphate anions are not,
however, the anions of choice to give a highly lst@bnducting polymer.
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1.7.2 Synthesis Of Polyaniline

Polyaniline can be synthesized mainly by chemicadlectrochemical oxidation of aniline under
acidic conditions. The method of synthesis depemdthe intended application of the polymer.
For bulk production chemical method, whereas far fims and better patterns electrochemical
method is preferred.

a) Chemical Synthesis :

The conventional method of synthesis of emeraldaieis the solution polymerization of aniline
monomer in agueous media in presence of a minerdlliae HCI. An oxidant like ammonium
peroxydisulphate can be used to initiate the reacflhe ideal molar ratio of monomers acid to
oxidizing agent is proved to be 0.1: 1.0: 0.1.The@ple function of the oxidant is to withdraw
a proton from the aniline monomer. The oxidativdyperization of aniline proceeds via
following steps:

e Oxidation of monomer to radical cation.

e Dimerization of radical cations to a neutral diff@lowed by the loss of proton.

e Oxidation of dimer to its diradical cation.

e Combination of dimer radical cation with anothedical cation to form trimer radical
cation.

e Formation of trimer, tetramer and finally polyméFhe polymerization reaction is
summarized as follows:

Ar-NHx _ANIL Ar-NH-Ar-NH> _Ar-NH. >

de,-2H"

Further oxidative i
Ar-NH-Ar-NH-Ar-NH; > Polyaniline
coupling

Fig 1.7 Polymesdtion of aniline
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Polymer results from the preferential head to ¢ailplings of oxidized species. The proposed

mechanism for polymerization of aniline is:

@NH@NH + ONH,

| -H+

v
polymers

1.8 Mechanism of polymerization in aniline

In chemical oxidative polymerization, increase kidant concentration causes rapid formation
of radical cations providing shorter polymer. Birt,case of low oxidant concentration, the
formation of radical cation is slower and polyméain length is longer in comparison to the
previous case. Therefore, lower the rate formatdnradical cations, larger will be the
conjugation length and hence higher will be thedtmtivity of the resulting polymer. Thus,
increase in oxidant/monomer ratio causes increagelymer yield while conductivity of the
polymer decreases.The factors affecting the poligaBon process are the pH of the solution,
type of the acids used, its concentration, effectize, salvations and electro negativity of the
conjugate base associated with a given acid.

b) Electrochemical synthesis

Electrochemical polymerization is a radical conabion reaction and is diffusion controlled.
The anodic oxidative polymerization is the prefégamethod to obtain a clean and better-
ordered polymer as a thin film. Electrochemicaltbgsis is achieved by:

1. Galvanostatic method
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2. Potentiostatic method-keeping potential conddant 1.1V verses SCE

3. Potential sweep method - between two potentraid -0.2 to + 1.0 verses SCE.

1.7.3 Dopants For Polyaniline

Polyaniline can be easily doped by non-redox dopimgthod. Polyaniline holds a special
position amongst conducting polymers in that itghhy conductive doped form is accessible by
two completely different processes - protonic adiging and oxidative doping. Protonic acid
doping of emeraldine base units results in the detaprotonation of the imine nitrogen atoms
to give the fully protonated emeraldine salt. There plenty of reports available on different acid
as well as ester dopants used for polyaniline. Timejude common mineral acids, high
molecular weight long-chain organic sulfonic acigepsphoric acids and their esters, etc. The
standard route of synthesis of doped polyanilinéhées one with Hydrochloric acid (HCI) as
dopant ions. The other mineral acids commonly ussdude Sulfuric acid (H2S04),
Hydrofluoric acid (HF), Perchloric acid (HG)etc. The low molecular weight organic acids
include Formic acid, Acetic acid, Acrylic acid etdigh molecular weight long-chain organic
sulfonic acids include Camphor sulfonic acid (CSMgthane sulfonic acid (MeSA), p-Toluene
sulfonic acid (PTSA), Dodecylbenzenesulfonic adiBSA), Polystyrenesulfonic acid (PSSA)
etc. Other than the above-mentioned acid dopasterseof phosphoric acid as well as phthalic
acid were also used as effective non redox dojanst ISome examples of the organic sulfonic
acid dopants:

daf" /\N\N\/\@s"’”

Camphor Sulfonic Acid (CSA) Dodecyl Benzene Sulfonic Acid (DBSA)

Fig. 1.9 Structures of sulphonic acids used as dopiafor aniline
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It was seen that the dopant ion could alter th@gmees of the conducting polyaniline formed. It
can affect properties like conductivity, crystathyn solubility and hence processibility. Amongst
these, the organic sulfonic acids have been foanohpart many interesting properties like high
solubility and thermal stability to polyaniline. &tsulfonic acids like DBSA, PSSA. etc. Which
have long-chain alkyl groups can plasticize theygoiline formed by increasing the interchain
separation. Thereby facilitating the solvent molesuypenetrating into the polyaniline lattice.
Also, the alkyl chain can act as an effective soivampatible group to improve the solubility of
the polymer. These groups can also act as comimiisi as well as plasticizers when blended
with other polymers.

1.7.4 Polyaniline -NanoComposites

The conducting polymer nano composites with onenore magnetic materials so that polymer
possesses both electrical as well as magnetic giegeFor the absorption of electromagnetic
radiations, ferrites are incorporated in the polsgna@s they possess high magnetization values
which make them useful at higher frequencies [1p-Many attempts to produce the colloidal
polyaniline composite containing the ferrite haweih made using the different charge carriers
for doping the polymer [18-24However, the resultant polymer composites loseanductivity
and have low magnetization value.

These conducting polymer nano composites can fpdications as:
1. Antistatic materials for the dissipation of efestatic charge.

2. For the shielding of electronic equipments frefactromagnetic radiations in the radio
frequency range from 10Hz to 108Hz, microwave raange W band range.

3. For the storage of IC-chips in software andtedguc packaging industries.

1.8 FERRITES

Ferrites are the oldest magnetic material knowmamkind is magnetite, which corresponds to
the chemical formulae E®,, or more specifically, to E&€**0,. [10]When one replaces, the
divalent ferrous ion by another divalent metal sashivin, Co, Cu ,Mg,Zn or Cd, one obtains a
ferrite of general composition NM&e**,0,where Mé'is a divalent metal ion. In mixed ferrites
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the Fé%ion is replaced by a mixture of ions. The dc réststof ferrites is 1dto 10" times as
large as that of iron, therefore can be used ih figquency application in EMI applications.

1.8.1 Structure of ferrites

The physical property of ferrites is intimatelyatsd to the structure of these solids. They belong
to the large class of compounds which have thessginucture. The oxygen ion with a radius of
1.32 A, to good approximation, a closed packedastructure. The unit cell contains 32 oxygen
ions 16 F&'ions and 8 divalent metal ions. The total of 24ahins , ranging in radius between
0.4 and 1 A are distributed amongst 8 tetrahedr@rstices (surrounded by*Cons ) and
sixteen octahedral interstices (surrounded by Sijo@s). The distribution of the metal ions is
very important for an understanding of the magnetaperty of these materials .

Therefore these ferrites are very much suitableHerapplication at higher frequency. Ferrites
have inverse spinel structure. Spinels can be uste 3-30 GHz band. The crystal structure of
spinels is isomorphous. The crystal structure iswshin the figure below they have other

structure as well i.e. garnet structure which igolmel the scope of this thesis.

€

@l | e
d ‘f : - - J( J
¢ e ¢|/‘ J

(32 per unir cell)

J Oxygen J( ‘J
( Cation in octahedral site J J

P . Tetrahedral Intersice
‘ Cation in tetrahedral site (64 per unir cell)

Fig 1.10 The spinel structure of ferrite
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1.9 Electromagnetic Shielding

Electromagnetic shielding is the process of lingitthe flow of electromagnetic fields between
two locations, by separating them with a barriedenaf conductive material. Typically it is
applied to enclosures, separating electrical devitem the 'outside world’, and to cables,
separating wires from the environment the cabls through. Electromagnetic shielding used to
block radio frequency , microwave frequency, el@et@gnetic radiation, is also known as RF
shielding.The shielding can reduce the couplingramfio waves, electromagnetic fields and
electrostatic fields, though not static or low-fnegcy magnetic fields. (A conductive enclosure
used to block electrostatic fields is also knownaaBaraday cage.) The amount of reduction
depends very much upon the material used, itstk&k the size of the shielded volume and the
frequency of the fields of interest. The life tina@d efficiency of electronic devices and
electrical equipments can be increased through ctefée electromagnetic shielding
[32].Electromagnetic energy consists of a magr(gtifield) and an electric (E-field) component
perpendicular to each other and propagates at aggtes to the plane containing the two
components. The ratio of E to H is defined as theanimpedance (£ in ohms) and depends on
the type of source and the distance from the solwargie impedances characterize electric fields
and small ones characterize magnetic fields. Fan fthe source, the ratio of E to H remains
constant and equal to 347, the intrinsic impedance of free space. In EMEe&ling, there are
two regions, the near field shielding region andfiigld shielding region, need to be considered.
When the distance between the radiation sourcelenghield is larger than /2« (where 1

is the wavelength of the source), it is in theffald shielding region. The electromagnetic plane
wave theory is generally applied for EMI shieldinghis region. When the distance is less than
A127, it is in the near field shielding and the thebased on the contribution of electric and
magnetic dipoles is used for EMI shielding. SE @tibel (dB) is a measure of the reduction of

EMI at a specific frequency achieved by a shielthsas a coating, and is defined as:

P E H
SE=10 Jog?ﬂzzt} log—= =20 log—=

t r r
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where B, Eo and H are the power, the electric and magnetic fieldnsitges incident on the
shield and B Et and Hare the counterparts transmitted through the shiéhé EMI shielding
effectiveness (SE) in wide frequency range dependstrinsic properties of shielding material,
dielectric constant and conductivity[32].

1.9.1 The Theory of EMI Shielding

The theory of electromagnetic interference shigjdwill be described in section 4.7 i.e
microwave absorption techniques, which seems tmdore pertinent with results and discussion.
The details of EMI Shielding can also be found wlsere [32, 34].

1.9.2 EMI Shielding Material

The various class of material can be utilized foH Bhielding applic ations such as metals [32,
35,36]. Ceramic and ceramic composite [39], condgctpolymer[35,37], polymer metal
composite[38]. The present work mainly focuses alyaniline based nanocomposite as
shielding materialwhich has been described in Yailhg subsection

1.9.2.1 Polymer nanocomposite as shielding matekia

Conducting polymer such as doped polyaniline acan@ing material to replace or supplement
typical metals for EMI Shielding application[35,3Tonducting polymers have merits such as
light weight, physical flexibility, and tunable gthiling response and conductivity.

The carbon fiber coated with polyaniline has beeported shielding material[41,42].The
polyaniline FeO3; nanocomposite has been characterized for EMIdihgelapplication [1] and
the value of SE has been found to be 11.2 dB

More recently Ohlamt al. [39] have studied the microwave absorption progef conducting
polymer barium ferrite nanocomposite and the valu8E has been found to be 28.9 dB. There
are several other studies that utilize the polym@&nocomposite hexagonal ferrite[43] and
MWCNTSs
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Motivation and aim of this
work




2.1 Introduction

The importance of ferrite nano composite as eleastignetic shielding material has already been
discussed. The applicability of such a compositeratated to shielding effectiveness,

conductivity, saturation magnetization, permeajil@doercivety, remanence magnetization, etc.
Different studies have been done in this field. Bu# shielding effectiveness change with

frequency since magnetic permeability changes frattuency.

2.2 Motivation

Ohlan et al.[1]Conducting polymer nanocompositegolyphenyl amine with barium ferrite
nanoparticles (50-70 nm) were synthesized via aowlgolymerization. The complex
permittivity, permeability, and microwave absorptioroperties of the composite were studied in
the 12.4-18 GHz (Ku band) frequency range. The amit® has shown high shielding
effectiveness due to absorption (SEA) of 28.9 d84%), which strongly depends on dielectric
loss, magnetic permeability, and volume fractiorbafium ferrite nanoparticles. The high value

of SEA suggests that these composites can be gse@ramising radar absorbing materials

The most suitable route to get an optimum dispareidhe magnetic phase within the

PAni matrix is of key importance to judge the effeeness of this type of nanocomposites

as EMI shielding material. Yaviet al [2] synthesized polyaniline in presence of

MnZn ferrite and NiMnZn ferrite, 5.9 micrometerssize. Ferrite particles in suspensions were
contacted with the aniline monomer solution. Yasu&'ork used FT-IR analyses to verify the

presence of the absorption bands of the monomer tine ferrite surface. In turn, XRD was used
to confirm the crystalline structure of bare fexripowder and that of the ferrite in the

nanocomposite..
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Mathur et al [3] worked with the room temperature synthesis afgmetic composites of a
copolymer with nanoparticles of MnZn ferrites irffelient sizes. Mdssbauer, X-ray diffraction
and infrared studies established the formationamoparticles of MnZn ferrite in the size range
of 5 - 10 nm depending on the concentration of @msj which also affected the magnetic

properties of the nanocomposites.

Poddaret al [4], used 15 nm manganese zinc ferrites {bdfino.2sFe2.0703) synthesized

in inverse micelles as the disperse phase for PAlyirrole-based nanocomposites. Poddar’s
research was focused on the magnetic behavioroseticompounds at different temperatures.
They also investigated the dispersion of the magnphase in a matrix of wax. The
measurement of magnetic behavior showed low cagrdor the wax nanocomposite but bigger
saturation magnetization for those that are in gbh&mer matrix. The values of saturation
magnetization are not easily comparable becausewibee of Fe the saturation magnetization
was 11.5 emu/g. Although they claimed a suitab$pelision of the magnetic phase, no clear

experimental evidence on this point was provided.

Sharmaet al [5] verified that when iron oxides are used as elispd phase, a critical factor is
the dependence of functional properties of the azsitg with the sizes of the oxide particles and
the polyaniline concentration. They used 10-20 nafrexOz nanoparticles for their experiments.
The maximum saturation magnetization value was 5218u/g for a weight concentration of
1:0.1 (y -FeOs: PANi) at ambient temperature. The same reporgestgd the convenience in
adding the disperse phase during the polymerizationess in presence de HCI (as required for
the protonation of aniline). Despite the improveimam the dispersion of the oxide phase, some
agglomeration of the oxides was still observed et more evident at larger oxide/PAni ratios

Other investigators such as Naishadham [7] alsosied on the improvement of the conductivity
of the polymer for EMI shielding applications. Twnew materials, namely, polyacetylene and
PBT doped by ion implantation with iodine, were legéed as a function of frequency, electrical
thickness, doping, polarization, and angle of irak. The measured conductivity value was
used in a multilayer model of the polymer in orttecalculate reflection and transmission by the
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shield for various layer parameters. Obtained tesowed that the polymer performed well as
EMI shield over a wide frequency band. Multipleday were found to provide better shielding
effectiveness than a single layer with thicknessuathe same as that of the multilayer.

Baeket al [7] synthesized aniline with poly-0-aminophenethidohol in aqueous hydrochloric
acid medium. The research addressed the achievevhéetter conductive properties for EMI
applications. XRD, FTIR, UV, conductivity (7.1 toZx10s S/cm),

lectrochemical response, and thermo-gravimetridyais suggested the applicability of

Is composite as potential conducting material. 3yr@hesis of PAni is critical in order to ob ain

the best conductivity values. Previous investigat@ve used different processes to achieve it.

Wojkiewicz et al [8] worked with PAni doped with HCI and polyvinyhloride (PVC) and PAni
doped with camphor sulfonic acid. These materiasawised in combination with polyurethane
(PU) to enhance the mechanical properties of tie product. DC conductivity values for PAni-
PVC were between 1 and 100 $mhereas PAni-PU reported conductivities up to 180G
(10 S/cm). The dielectric properties were analyrethe microwave band (50 MHz - 20 GHz)
and the millimeter band (30 GHz - 110 GHz). Theskhing effectiveness (SE) measurements
showed attenuation up to 30 dB. At very high fregues, the film thickness became an

important parameter.

Zhanget al [9] also used PAni-based magnetic nanocompositesrevthe disperse electric
conductivity of the nanocomposite was decreasedirfayeasing the quantity of ferrite
nanoparticles in the matrix. Conductivity valuestbé nanocomposite were aro nd 4.0%10
S/cm, with a corresponding magnetization of sakemaé emu/g for 26. % of

FesOs. The composite containing -FeOs nanoneedles reported 16 emu/g for 33 3 wt% of the

disperse phase.

The effectiveness of the use of the polyanilineBdtl shielding has been studied and confirmed
by several investigators. Yupirg al [10] investigated the inclusion of silicon rubber the

polyaniline and the interaction of the grain sizéhwhe magnetic properties at low frequencies.
The aniline solution was polymerized using ammonparoxydisulfate as the oxidant and HCI
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to protonate the polymer structure. The silicongbar (SR) was blended in the aniline solution
using a mixing bowl. The cross-linking agent ofuid, silicone rubber was ethyl orthosilicate,
whereas dibutin dilaurate was used as the catalyst.

2.3 Aim of This Work

The soft material are extremely used as microwésgerder . The main objective is to determine
the most suitable conditions for the shielding d@ffeeness of PAni based Magnetic
nanocomposite. These materials have attracted sxéemterest because of high resonance
frequency, high permeability and high electricabisavity. The nano ferrite conducting
polyaniline would replace the metallic materialgized for shielding. For making the polymer
ferrite nano composite Cof2has been selected for polyaniline matrix.

The studies of this thesis are aimed at

(1) The synthesis of PANI —cobalt ferrite nano composit

(2) Study of dielectric and microwave absorption bebavi

(3) Studies of electrical transport mechanism.

(4) Studies of Thermal stability
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Chapter 3

Experimental details




3.1 Introduction

This chapter presents the details of experimentghrtiques applied for synthesis and
characterization , magnetic, dielectric and transpgeasurement of polyaniline — cobalt ferrite
(PC) nanocomposite. The nanocomposite of cobalitdehas been synthesized by precursor
method. And for the synthesis of Polyanilne- cobédtrite nanocomposite emulsion
polymerization method is used. The X Ray Diffrantgiudies has been carried out to determine
the particle size and for phase identification. Tiheorporation of nanoparticles of ferrite in
polymer matrix has been confirmed by UV-Visible a&wlrier transform Infrared spectroscopy.
Thermogravimetric studies established the therraildy of composite. The vector network
analyzer (Agilent E8362B) is employed for microwaebsorption and EMI shielding
determination. The DC electrical conductivity oéthanocomposite is measured by using Four
probe technique.

3.2 Synthesis of Polyaniline — Cor®, Nano Particles Composite

The preparation of the polymer nanocompositeolired the following steps:

Step 1 Synthesis of Co Ferrite nano particles:

The synthesis of co ferrite nano particles wasi@arout by precursor route [1]by dissolving
(Qualigens, India), 1: 2: 0.3 weight ratio of cdhaitrate (Qualigens, India), ferric nitrate and
citric acid (Merck, India), respectively, in distdl water aqueous ammonium solution (Merck,
India) was added to maintain the pH of the soluab®.0. The resulting solution was heated at
900°C with continuous stirring to form a viscoud. gde gel so formed was ignited resulting in
the formation of dendrite structure, which was bead to powder and calcined in a
programmable tubular furnace at 900°C for 4 h. Thbalt ferrite particles so obtained were
further grinded using Retsch “PM-400" planetargdbmill with tungsten balls in tungsten
carbide jars.
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Step 2 Synthesis of PANI - Co Ferrite Nano Composite:

>

Chemical oxidative polymerization of aniline wasread out in the presence of Nano
ferrite particles in agueous medium. 0.3M DBSA(s&d as dopant ion for polyaniline
to provide better properties and processability) @o ferrite particles were homogenized
by using the ART-Miccra D-8 (N0-10956) homogeniaed 0500 rpm for 2—-3 h.

To this 0.1M of aniline (An) was added and supeicsatirring was continued for 1 h to

form an emulsion.

The oxidant ammonium peroxydisulfate (0.1M)(as axij was added drop-by-drop
keeping the temperature of the reactor at -€.Qvith vigorous stirring for 5-6 h to the

above emulsion in a reactor.

The green polymer precipitate so obtained was ddeatith isopropyl alcohol under
vigorous stirring for 2—3 h.

The resulting precipitate was then filtered and hvealsthoroughly and dried at 60—85

in a vacuum oven.

Several composition of the polymer composite hawdiffgrent weight ratio of monomer
to ferrite Aniline:-CoFeO,:: 2:1(PC 21), 1:1(PC 11), 1: 2(PC1 1.5), 1:3(PQ Ware
also synthesized in DBSA medium to check the effacferrite constituents in the

polymer matrix.

Beside this, for comparison of results, polyanilawped with DBSA in 1:3 molar ratio
(PD13) without ferrite particles is also synthedizessing emulsion polymerization.
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3.3 Structural Characterization:

The XRD studies have been carried out forsphaentification. The details of this
techniques is described in following section.

3.3.1 X-Ray Diffraction (XRD)

The crystalline structures of various polymeric posites [2,4] were investigated by Wide
Angle X-Ray Diffraction (WAXD), using powder X-Ray diffractometer (Siemens D
500 model) with Culk source an@Ni filter (Figure 3.1 ). All the scans were recodde the
26 regions of 15 - 75° at a scan rate of 0.02° peoise.

Fig. 3.1 XRD setup

X-ray Diffraction (XRD) is a powerful technique wk& uniquely identify the crystalline phases
present in materials and to measure the strugbuoplerties (strain state, grain size, epitaxy,
phase composition, preferred orientation, and deskeacture) of these phases. XRD is also used
to determine the thickness of thin films and maitérs, and atomic arrangements in amorphous
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materials (including polymers) and at interfacaguFe 3.2 shows the basic features of an XRD
experiment set up, the diffraction anglé 2is the angle between the incident and diffracted X

rays . Form 2 values for reflection, ‘d’ values were calculatesing Bragg equation and average
crystallite size calculated of ferrite nanoparschey Scherrer’s equation[ 2,3]

; Substrate
Incident -

_Thin film
-_x_-ray -

/ X 20/ Diffracted
/ \ ¥ T Keay
f \\._ 3 A_ -

/ .
— etector

Diffracting =
crystallite

Incident
X-rays

=y

Diffracted
X-rays

Figure 3.2 The basic features of XRD experiment sep

Considering the some important properties of ctlyséamaterials, crystals consist of planes of
atoms that are spaced a distance d apart (FiguB@si®it can be resolved into many atomic
planes, each with a different d-spacing. To distisly between these, we introduce a coordinate
system for the crystal whose unit vectors a, b, @ade the edges of the unit cell (Figure 3.3 ).
For the familiar cubic crystal, these form an ogboal system. Any atomic plane can now be
uniquely distinguished by its Miller indices. Them® the three reciprocal intercepts of the plane
with the a-, b-, and c-axes and are reduced teithedlest integers having the same ratio. Thus,
an (hkl) plane intercepts the crystallographic aaes/h, b/k, and 4; examples are shown in
Figure 3.3 . The d-spacing between (hkl) planeterted ek, and for cubic crystals, it is where
ais the lattice constant of the crystal (fig. 3.1)
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jl' L?D
Ypk =
\({f?z +ﬁf2 _;2

when there is constructive interference from X regattered by the atomic planes in a crystal, a

diffraction peak is observed. The condition for stoactive interference from planes with
spacing dis given by Bragg'’s law

k

where 6 nu is the angle between the atomic planes and thédantiand diffracted) X-ray beam
(Figure 3.2). For diffraction to be observed, tletedtor must be positioned so that the
diffraction angle is 2 n«, and the crystal must be oriented so that the abtorthe diffracting

plane is coplanar with the incident and diffracted.

d?1-’J

Fig 3.3 Diffracth planes in a material
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3.4 Spectroscopic Characterization

The spectroscopic characterization has been caouedbr determining the incorporation of Co
ferrite nanoparticles in polyaniline matrix. Theesfroscopic characterization includes fourier
transform (FTIR) and UV- Visible (UV-Vis). The dda of these techniques are given in

following section:

3.4.1 Fourier Transform Infrared Spectroscopy (FTIR)

Infrared spectroscopic studies were carried oumiPFamples with different conc. of ferrite
nano particles were analyzed by using “ShimadzRR3201” spectrometer (Figure 3.4).
Chemical bonds vary widely in their sensitivity goobing by infrared techniques. For example
carbon-sulfur bonds often give no infrared sigaat] so cannot be detected at any concentration,
while silicon-oxygen bonds can produce signalsnséeenough to be detected when probing
submonolayer quantities, or in the order of*tbnd/cc. Thus, the potential utility of infrared
spectrophotometry (IR) [5.6,8]is a function of ttleemical bond of interest, rather than being
applicable as a generic probe.

The goal of the basic infrared experiment is teedatne changes in the intensity of a beam of
infrared radiation as a function of wavelength mgfiency (2.5 - 5@m or 4000 — 200 cfh
respectively) after it interacts with the samplbBeTenterpiece of most equipment configurations
is the infrared spectrophotometer. Its functiotoiglisperse the light from a broadband infrared
source and to measure its intensity at each frexyudrhe ratio of the intensity before and after
the interaction of light with the sample is detared.

Let us define d to be the intensity of the light incident upon g@mple and | as the intensity of
the beam after it has interacted with the samplte goal of the basic infrared experiment is to
determine the intensity ratio d@s a function of the frequency of light (w).

A plot of this ratio versus the frequency is thdérdred spectrum. The infrared spectrum is
commonly plotted in one of three formats: as trattamce, reflectance, or absorbance. If one is
measuring the fraction of light transmitted throulgh sample, this ratio is defined as

TR

e
o ) W

37



Fig. 3.4 FTIR instrument NICOLET 5700

where T, is the transmittance of the sample at frequencgna tis the intensity of the
transmitted light. Similarly, if one is measurirgetlight reflected from the surface of the sample,
then the ratio is equated te,Ror the reflectance of the spectrum, witbeing replaced with the
intensity of the reflected light.IThe third format, absorbance, is related to trattance by the
Beer-Lambert Law:

’4W :_ng TW = (Ew]{b'[}

where c is the concentration of chemical bonds aesple for the absorption of infrared
radiation, b is the sample thickness, amd, is the frequency-dependent absorptivity, a
proportionality constant that must be experimentdittermined at each w by measuring the
absorbance of the samples with known values ofAlsca first order approximation the Beer-
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Lambert Law provides a simple foundation for quigmg FTIR spectra. For this reason, it is
easier to obtain quantitative results if one cddlean absorbance spectrum, as opposed to a

reflectance spectrum.

3.4.2 UV-Visible Spectroscopy

UV-Visible is spectroscopy [5,6] probes the elentcaransitions of molecules that absorb light
in the ultraviolet and visible region of the elertragnetic spectrum and is considered a reliable
and accurate analytical technique for the qualkatas well as the quantitative analysis of
samples. When sample molecules are exposed tohaiig an energy that matches a possible
electronic transition within the molecule, sometbé light energy will be absorbed as the
electron is promoted to a higher energy orbital.oftical spectrometer records the wavelengths
at which absorption occurs, together with the degoé absorptioni(e. intensity) at each
wavelength. The resulting spectrum is presented geaph of absorbance versus wavelength.
UV-Visible spectroscopy is usually applied to maeles and inorganic ions or complexes in
solution.. The concentration of an analyte in solutcan be determined by measuring the

absorbance at some wavelength and applying the [Baebert Law.

Fig.3.5 UV spectrometer shimadzu 1603
Various kinds of electronic excitation may occuonmganic molecules by absorbing the energies
available in the 200 to 1100 nm spectrum. As a, reteergetically favored electron promotion
will be from the highest occupied molecular orb{tdDMO) to the lowest unoccupied molecular
orbital (LUMO), and the resulting species is caleedexcited state. Because the absorbance of a
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sample will be proportional to the number of abstglbmolecules in the spectrometer light beam
(e.g. their molar concentration in the sample tulbey necessary to correct the absorbance value
for this and other operational factors if the spectf different compounds are to be compared in
a meaningful way. The corrected absorption valuecaled "molar absorptivity”, and is
particularly useful when comparing the spectraiiédent com functions (chromospheres) The
presence of chromospheres in a molecule is besinteed by UV-Visible spectroscopy. A
diagram of the components of a typical spectromé&eshown in the following diagram
(Figure3.7). The functioning of this instrumentreatively straightforward. A beam of light
from a visible and/or UV light source (colored resiseparated into its component wavelengths
by a prism or diffraction grating. Each monochromésingle wavelength) beam in turn is split
into two equal intensity beams by a half-mirrorexide. One beam, the sample beam (colored
magenta), passes through a small transparent nentéiurette) containing a solution of the
compound being studied in a transparent solverg. ather beam, the reference (colored blue),
passes through an identical curette containing timysolvent. The intensities of these light
beams are then measured by electronic detectors@ngdared. The intensity of the reference
beam, which should have suffered little or no lighsorption, is defined ags [The intensity of
the sample beam is defined as I.

Light SElurce (VY

.,

Diffraction I .
Grating I Mirror 1
sht 1 p
St 2 e Light Source Vis
Fittar
Reference
Mirror Cuvette Detector 2
Referance I
Bearm “ o ]
Lens 1
Half Mirror
Mirror 2 Sample
Cuvette Detector 1
Sampla _ I
Mirror 2 Beam VLans 9

Fig3.6 Components of a typical spectrometer
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3.5 Thermal characterization

For thermal characterization thermogravimetric gsialwas done which is briefly explained
as follows:

3.5.1 Thermogravimetric Analysis (TGA):

TGA of PAni with Co ferrite were recorded oveteanperature range of 25 °C to 800°C in
nitrogen atmosphere using a METTLER thermal analy£eA/SDTA 851 (Figure 1), in order to
analyze the thermal behavior pattern of these slend

Fig 3.7 TGA METTLER 851

The basic principle in TGA is to measure the masa eample as a function of temperature.
This, in principle, is a simple measurement bueisffan important and powerful tool in solid

state chemistry and materials science. The mefbo@xample, can be used to determine water
of crystallisation, follow degradation of materiaietermine reaction kinetics, study oxidation

and reduction, or to teach the principles of stioictetry, formulae and analysis
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3.6 Magnetic Properties Measurement:

The magnetic properties of polyaniline — cobaltrifer nanocomposite such as retentivity,
coerecivity, and saturation magnetization has beweasured using vibrating sample
magnetometer(VSM). The details about this instrunaee given in the following subsection

3.6.1 Vibrating Sample Magnetometer (VSM)
The magnetic characterization of various polymedmposites has been investigated by VSM

technique

Fig 3.8 vibrating sample magnetometer

In order to obtain a measurement of the magnetadtion it is also possible to use various
moving-coil instruments. The simplest of these hie totating coil which rotates at a fixed
angular velocity. Therefore the amplitude of theegated voltage by rotating coil is proportional

to the magnetic induction and therefore the amgpditoan be used to measure magnetic induction
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(B) or magnetic field (H) in free space. The signah be read directly as an AC voltage or
converted to a DC voltage which is proportionatite amplitude.

Ball bearin
f g

Vibrating cail (o 1mm{o)]
Couplig rod \ \ /Samp1e
Vibration | A [~ Magnet

|l e — — pole

‘\ Rotating furnace

generator

Power Micro Input or
amplifier :* volter M1 circuit refrigerator
40_FYC]B Amplifier
oscillator

Phase
reference Phase
sensitive f-------
detector : -NM
X -y '_O’p_v__ Magnetizing

recorder field from
rotating coil
Temperature

from

thermocouple

3.9 Schematic diagram of #vating coil magnetometer.

The vibrating-coil magnetometer is based on theesammciples as the previous technique, but is
used primarily as a method of determining the mtaggigon (M). The arrangement is shown in
Figure 3.9. The coil vibrates between the sampteaaregion of free space and thereby acts as a
gradiometer by measuring the difference in inductiothe two positions.

The output of vibrating coil magnetometer is indegent of H, but is dependent on M

43



The vibrating-sample magnetometer (VSM) is ideftiga principle to the vibrating-coil
magnetometer except that the sample is moved ohstetne coil. The VSM was first described
by Foner and has now almost completely supersduedbrating-coil device.
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colL A / ‘t\—A ColL
B\

COMPENSATING CCII.L

3.10 Schematiagram of a vibrating sample magnetometer.

A VSM is really a gradiometer measuring the diffexe in magnetic induction between a region
of space with and without the specimen. It therefgives a direct measure of the magnetization.
A schematic of a typical VSM is shown in Figure@®.The specimen in general has to be rather
short to fit between poles of the electromagnee Titethod is therefore in most cases not well
suited to the determination of the magnetizatiomveuor hysteresis loop because of the
demagnetizing effects associated with the shoisEn.

However it is well suited for the determinationtloé saturation magnetization §\
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The detected signal, being an AC signal of fixedqérency, is measured using a lock-in
amplifier. A reference signal is provided for thexKk-in amplifier as shown in Figure3.10 by
using a permanent magnet and a reference pickiupMagnetic moments as small as

5x10%A m? (5x10> emu) are measurable with a VSM. Its accuracy iebétan 2%

3.7 Electromagnetic Shielding Measurements

Microwave measurements were carried out on AgilE8862B Vector Network Analyzer (fig.
3.11) [9,10] in microwave range of 12.4-18.0 GHr-and) through 15.8 mm 3 7.9 mm 3 6
mm copper sample holder connected by wave-guitgdia back by perfect conductor. To avoid
air gap, the above sample holder is modified wittave of 1.5 mm on each side with a depth of

3 mm.

This instrument is use to measure S parametgis$S, Sz, $1), dielectric constant, dielectric
losses, permeability, in microwave bands i.e. ffedent frequency (GHz) region like X band (8-
12 GHz), P(12.4-18 GHz) band etc.

Fig 3.11 Vector Network Analyzer
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3.8 Electrical transport measurements

3.8.1 Conductivity Measurements

For the measurements of conductivity with tempemtwf polyaniline cobalt ferrite

nanocomposite Four probe technique [10,11] has bsgroyed which is described as follows:
Four Probe method

The resistivity of the polyaniline cobalt ferrit@mocomposite is determined using four-point
probe technique. With a four-probe, two of the m®lre used to source current and the other
two probes are used to measure voltage. Usingpialres eliminates measurement errors due to
the probe resistance, the spreading resistancer wat#h probe, and the contact resistance
between each metal probe and the semiconductorialaecause a high impedance voltmeter
draws little current, the voltage drops across phebe resistance, spreading resistance, and
contact resistance are very small. Two common Kelchniques for determining the resistivity
of a semiconductor material are the four-pointinelir probe method and the van der Pauw
method. The Model 4200-SCS Semiconductor Charaet&n System can be used for both.
Because of its high input impedance (3¥*f) and accurate low current sourcing, the Model
4200-SCS with pre assumptions is ideal for highistasce samples. This application note
explains how to make resistivity measurements oficenductor materials using the Model
4200-SCS.

The dc conductivity refers to the net charge witrelerses (flow) the entire conducting
polymer pellet Four-points-probe method is advgebais over two-points-probe method
because it overcomes the problem of contact orresidtance. This technique is used for the

determination of conductivity of doped conductiraymer films or pressed pellets.
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Fig . 3.12 : 4200 Keithley Semi Characterizationystem for conductivity
measurement.

The dc conductivitydsc) depends upon the net charge flowing in the san@rethe other hand ,
o4ciS measured as a function of an alternating etetigid. A difference in the behaviour e4.

is expected when conduction occurs by the motioohafge carriers in the extended states by
hopping among localized states (such as solitarlaygns and bipolarons )[12] or by a transport
between the metal particles embedded in host festic
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Chapter 4

Results and Discussions




4.1 X Ray Diffraction

4.1.1 The Cobalt Ferrite

Figure 4.1 (a) show the XRD patterns of the colfaitite . A reaction time of 4 hours was found
to be suitable for complete formation of the ferritnder mild heating. As seen, all peaks
correspond to ferrite structure. According to Sofes equation:

;e kA
B-Cosé
(4.1)

wherel is the X-ray wavelengthk is the shape factotjs the average diameter of the crystals (in
angstroms)g is the Bragg angle (in degrees) gnd the line broadening measured at half-height
and expressed in units 06.2The value of k depends on several factors, inctudhe Miller
index of the reflecting plane and the shape ofdfystals. If the shape is unknown, k is often
assigned a value of 0.89..

The average size of cobalt ferrite nano partickesubstituting in eq. 4.1 has been found to be

~9nm
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4.1 XRD pattern of coliderrite
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4.1.2 Pani Cobalt Ferrite Nano Composite

The XRD patterns of Figure 4.2 evidence reorgamnah the structure of the polymer and the
co-existence of the ferrite reflections suggestisgffective and stable incorporation in the

nanocomposite structure
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Fig: 4.2 XRD Analysis Of Pani Cobalt Ferrite having Different weight Ratios 2:1 (PC21),
1:1 (PC11), 1:2(PC12) ,1:3(PC13)

4.2 FTIR Analysis

The FTIR spectra is recorded on Nicolet 5700 inrdgion 4000 cf to 400cnt. The spectra
has been carried by making the pallet in KBr. Trampeak of polyaniline observed are shown
in the in the FTIR spectrum[1]. Each peak in thapyrcorresponds to a functional group present
in the molecule. The increase in the number of peakh Pani-cobalt ferrite composite [1] as

compared to pristine polyaniline shows the incoation of ferrite particles in the composite.
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The FTIR spectra of polyaniline doped with Dodet@nzene sulphonic acid (DBSA) is
measured. The main characteristics bands for thepidne doped with DBSA are found at
1515 and 1458 crwhich are assigned for the C=C bond stretchinguiri@jds and benzenoid
ring, respectively. Bands at 1257 and 1164cane due to C-N stretching and in-plane bending
of the C-H bond while peak at 1024 ¢nis due to —~SEH group. The peak at 1640 chmay be
due to the formation of the carbonyl group arisilug to the over oxidation of the alkyl chain of
the DBSA [1,2]. While the FTIR spectra of PolyamdiCobalt ferrite shows the prominent peak
at 3423 crit assign for the N-H stretching vibration for thematic amine while the band at
2924 and 2856 cthwas assign for the —CH stretching. In the polyowmnposite the shifting in
the peaks for the main characteristics bands asereéd at 1605 and 1458 ¢nwhich are
assigned for the C=C bond stretching of quinoids$ leenzenoidring, respectively. Bands at 1296
and 1164 cifare due to C-N stretching and in-plane bendinghef@- H bond while peak at
1024 cm' is due to —S@H group. This shifting clearly indicates that thel roup of aniline
ring is interacting to the E&ion of the ferrite[3]. The presences of the peak§72 cri' and
587 cm*which are the characteristic band of Fe—O bandcétirey clearly indicate the presence

of CoFeOs in the polymer matrix.
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Fig . 4.3 FTIR spectra of polyaniline cobalt ferrie composite
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4.3 THERMAL ANALYSIS

The thermal analysis was performed to explore tfeeteof the loading of ferrite to the thermal
stability of the polymer composite. The typical timegrams of different samples are shown in
Figur 4.3(a), 4.3(b), 4.3(c) The thermograms iathcthree major stages of weight loss which
are attributed to different causes, first weiglgslat lower temperature near 100°C1@esults
from moisture evaporation, second weight loss ghdri temperature between 220-38@rises
due to the loss of degradation of dopant DBSA fritia polymeric chain and third one is
attributed to the structural decomposition of téymer backbone. From the thermo gram it was
observed that incorporation of ferrite particlethie polymer increases the thermal stability than
the pristine polyaniline doped with DBSA. The thegrmm suggest that the polyaniline doped
with DBSA is thermally stable up to 28D while the polyaniline cobalt ferrite is stable tp
230°C.

From the thermogram it was concluded that incré@sbe concentration of ferrite the thermal
stability of the composites increases.

Fig 4.4 : The thermogram of polyaniline- ferrite nanocomposite with different weight ratio
(a) 1:1 (PC11) (b). 1:2 PC(1:2), (c) 1:3 (PC13) ashown below
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4.4 UV-Visible Absorption Spectra

Fig 4.5 shows the UV absorption spectra of theediffit samples of polyaniline and its
composite with cobalt ferrite. The main peaks amdudated energy bands are shown in Table 1.
Emeraldine base form of polyaniline in N-methyl imhidione (NMP) shows two characteristic
bands at 326 and 630 nm while the conductive forpotyaniline doped with DBSA has shown
the red shift to 353 nm and 739 nm which are assigo ther-n* transition of the benzenoid
ring and polaronic transition respectively. Butaase of polyaniline composite, two changes
were observed. First a red shift was observedi®iband from 739 to 726 nm, which is ascribed
to polaronic transition. The reason behind thidtisig may be the possible interaction of the
CoFeOywith polyaniline ring leading to the formation @rfomagnetic composite. Second when
the CoFeO, content increases in different samples, absormattra shows the bathochromic
shift for the band 353 to 349 nm.

1.8 I 731.5 —HE—pcl2

Abs

1 L N 1 L 1 i 1 N 1

0.0L— n
300 400 500 600 700 800 900 1000 1100
Wavelength (nm)

Fig 4.5 UV-Vis Spectra of PANI Cobalt Ferrite (a)1:1 (PC11) (b). 1:2 (PC12) (c) 1:3
(PC13)
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4.5 Magnetization Measurements

Magnetic characterization of the particles was doseng vibrating sample magnetometer
(VSM), at room temperature with maximum applieddfiepto 800G (see Fig. 4.6 for M—H
loops). Cobalt ferrite (CoE®,) is a well-known hard magnetic material with higbercivity
and moderate magnetization. CegBgwhich has a cubic spinel type structure like 88 with
vacant B site and two distinct sub lattices (A &ah the spinal structure) which give origin to
ferromagnetic ordering in the compound. From théd Beurve shown in fig 4.6(a) ) the
saturation magnetization was found 49.6 emu/g wheh coercivity of 295.11G. When these
particles are incorporated in the polymer matriguieng in the formation of PANI-CoF@,
composite, the magnetization value was found tee&8/g with the coercivity of 1045 G for the
composite PC21 which increases to 22.3 emu/g (Fgb¥) and coercivity of 1172 G with
increase of ferrite content in the polymer matiihe detail of magnetic properties of the of
PANI-CoFeO, composite are shown in the table below. The loturaion magnetization (Ms)
is the result of non-magnetic coating layer ofypailine which is considered as a magnetically
dead layer over the surface of CeBg particles, thus affecting the magnitude or uniftynof
magnetization due to quenching of surface momekhile the almost nearly same coercivity
values, in all cases, can be explained as that thetmumber and the strength of the magnetic
dipole in magnetic domain and the relations betwasjacent magnetic domains determine the
coercivity of the magnetic materials, and therefless effect of the coating layer of polyaniline
on the coercivity of the magnetic core Ceg®Bgin hybrid polyaniline CoFg®scomposites. From
these results it is clear that the PANI-Cgbgecomposite is ferromagnetic in nature and will
work as a good absorber of the microwave in the Gifge
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S.No

MAGNETISATION(emu/gm)

CORECIVITY(Gauss) RETENTIVITY(emu/gm)

COFe204 49.9emu/gm 800G 12 emu/gm
PANI+ 3.8663emu/gm 1045G 1.8940 emu/gm
COFe204(2:1)
COFP(;A\ZI\(QZ(].ZI) 14.5emu/gm 1100G 7.5 emu/gm
COFP(;A\ZI\(QZ(].ZZ) 17.03emu/gm 1173G 8.693 emu/gm
PANI+ 22.347emu/gm 1172G 11.621 emu/gm

COFe204(1:3)

Table 1 Saturation magnetization, coerecivity, retetivity of different polyaniline- cobalt
ferrite composite with different weight ratio.
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4.7 Microwave Absorption Technigue

The EMI shielding effectiveness (SE) of a matasalefined as the ratio of transmitted power to
incident power and given by

SE(dB) = —10Iog£%} (1)

(0]

where R and B are the transmitted and incident electromagnebiwep respectively. For a
shielding material, total SE = 8 SEx + Shy, where, Sk is due to reflection, SEis due to

absorption and SHs due to multiple reflections.

In two port network, S-parameter;1S(S»), S1 (S12) represents the reflection and the

transmission coefficients given as

2
E
T=g =l sl @
|
E 2
R=|28 = IS.” =|S,|", and 3)
|
Absorption coefficient (A) =1 -R-T (4)

Here, it is noted that absorption coefficient gegi with respect to the power of the incident EM
wave. If the effect of multiple reflection [9, 1®etween both interfaces of the material is
negligible, the relative intensity of the effectivencident EM wave inside the materials after
reflection is based on the quantity as 1-R. Theegfthe effective absorbance A can be
described as & = (1 — R — T)/(1 — R) with respect to the powethaf effectively incident EM

wave inside the shielding material. It is convehiem express the reflectance and effective
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absorbance in the form of -10log (1-R) and -10lbgA¢x) in decibel (dB) respectivel§* which

give Sk and Sk as Sk =-10 log (1-R) and
T
SEA = —10|Og(1— A\?ﬁ) = —10|Ogﬁ (5)

For the material the skin deptld)(is the distance up to which the intensity the thé

electromagnetic wave decrease to 1/e of its origitrength. The skin depth is related with the

attenuation constantp) of the wave propagation vectod =1 3 =,/2/ wuoc,. with the

-1/2

approximations that >> we. Asé o™ -, therefore, at low frequencies for the electricahin

samples (d <<) the shielding effectiveness of the sample is des@as
SE(dB)= 20Iog[1+%zodaj (6)

wherec is the ac conductivity, As free space impedance and d is the sample #sskn

Whereas for the higher frequencies, sample thickelectrically thick samples) is sufficiently

greater than skin depth and EMI shielding effectess for the plane electromagnetic witds

given as

SE (dB) = Sk (dB) + Sk (dB), (7)

<, (dB) ~10|og£16;ﬁ}, and (8)
d

SE,(dB) = Zo.g.loge (9)
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wherecac depends upon the dielectric properties = wg,e”) of the materialp is the angular

frequency @=2xf), ¢, is the free space permittivity apg is the relative magnetic permeability

of the sample. In equation (7), the first termedated to the reflection of the EM wave and
contributes as the shielding effectiveness duestleation[11,12] . The second term expresses
the loss due to the absorption of the wave whemagses through the shielding material. In
microwave range, the contribution of the secondt gmacomes more as compared to the

reflection term.

Figure 4.6(a) shows the variation of the SE wietgfrency in the 12.4-18 GHz range. It
has been observed that conducting ferromagneticposbe of PC1l1&PCZave shielding
effectiveness (SE) mainly due to absorption. Usiggation (5) the shielding effectiveness due
to absorption (SE was found to be 18 dB and 22dB for PC11 PC12 lewtiie shielding

effectiveness due to reflection (9Evas nominal and contributed very little.

The electromagnetic absorption behavior of mateleglends on complex permittivity; (
= ¢’- j¢") and permeability (u= p’- ju”). The realg)) and imaginary ) part of complex
permittivity vs. frequency are shown in figure 4B he real parte() is mainly associated with
the amount of polarization occurring in the mateaiad the imaginary part?) is related with
the dissipation of energy. In polyaniline stronglgpaation occurs due to the presence of

polaron/bipolaron and other bound charges, whiatide¢o high value af & ¢”

Figure 4.7(c) shows the variation of real part afgmetic permeability (1") with frequency while
change in the induced magnetization with the agpfield is shown in figure (4.6c)..... The

PC12 nanocomposite has relative permeability vafue5, which decrease to 3.7
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Fig : 4.8 Variation in the EMI shielding effectiveress, Sk and SEk of polyaniline
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frequency.
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Fig. 4.9Dielectric loss (curve a ) and Dielectric constanfcurve b) of pani cobalt ferrite
composite (PC11), PC21, ( PC12), measured in Kutc (12.4-18) GHz as a function of
frequency.

The complex permittivity and permeability of the lyamiline composite (PC)with different
amounts of cobalt ferrite nanoparticles were oletifrom scattering paramete&lL andS21)
using Nicholson-Ross-Weir method [5,6]The real paft complex permittivity §) and
imaginary part of complex permittivitye)versus frequency are shown in Fig. 4.7 ( b). ke
samplesg’ is found to be decreased with an increase inueegy. First, in polyaniline strong
polarization occurs due to the presence of polaipalaron and other bound charges, which
leads to high value af ande”. With the increase in frequency, the dipoles presn the system
cannot reorient themselves along with the appliedtec field, as a result dielectric constant
decreases. Secondly, for the magnetic nanopartieféective anisotropy, which includes
magneto crystalline anisotropy and shape anisofropation of domain may become more
difficult. Furthermore, the particle size of cobfgtrite is in the range of nanometer. The surface
area, number of dangling bond atoms, and unsatureberdination on the surface are all
enhanced.

These variations lead to the interface polarizatiod multiple scattering, which is useful for the
absorption of large number of microwaves. In poilyja® composite both the phenomenons
happen together resulting in high Skalue. The polyaniline composite PANI-Co (1:2) has
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higher dielectric constant’€110) and higher dielectric loss"€52)and magnetic permeability
(u’'=2.2), which corresponds to enhanced value oti&&to absorption.
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Fig.4.10: Real part of Permeability (curve a ) andmaginary part of permeability (curve
b) of PC11, PC21, PC12, measured in Ku band (12#8) GHz as a function of frequency.

4.7 CONDUCTIVITY MEASUREMENT OF PANI AND ITS COMPQOSI TES

The room temperature conductivity of the polyamiltomposite PC11 and PC12 is found to be
order of 0.2 S/cm, which shows the semiconductiagalvior and found to be decreased with
temperature (inset figure 4.11). general, the dc conductivitgdc) of conjugated polymers can

be assumed to consist of three componentssy andor, i.e.

Gdc = og + oy *+ o1, (1)

Where og is conductivity due to intra-chain transport ofagie carriers [8] which can be
described by the band conduction mechanism ansuiglly observed at high temperatur@sis

the contribution to the total conductivitg4) due to inter-chain transport of charge carriees,
hopping of charge carriers between the polymer nshand is observed at intermediate
temperature or below room temperaturs. is the conductivity usually observed at low
temperature and is due to thermally activated tilinge The macroscopic conductivity in most
of the conjugated polymers is assumed to resuin ftbe hopping process except in ordered
polyacetylene. In the hopping conduction proceashestate can have only one charge carrier for
each spin direction. In the case of strong locabra the charge carrier will hop to a nearest-
neighboring state and the hopping conductivity viad proportional to Boltzmann’s factor
exp(-WI/ksT), where W is the difference of energy between states and is called the hopping
energy or activation energy required for a chargeier to hop from one site to another.
However, when charge carriers are not stronglylitoed, a charge carrier can jump to the sites
for which the activation energy is small and cagide further away; then the transport occurs by

VRH which follows Mott’s equation
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o(T)=0, ext{— [TT—OJW} 2

wherec, and T, are constants and exponenis the dimensionality factor having values 2, 3, 4

for 1 dimension, 2 dimensions and 3-dimension cofido mechanism.

For 3-D conduction mechanism, the plotdggvs. T4 gives the values of Mott characteristic

temperature (J) ando, (conductivity at T=o) as

To = 16053/[k3 N(EF )] (3
oo =R, N(E;) (4)
Where R=[9/{87aK ,TN(E, )] (5)

is the average hopping distanae® is the localization length, N@Eis the density of states at the
Fermi level, andp, is the phonon frequency (<%®z). The average hopping energy W can be
estimated by knowing the average hopping distanaed®he density of states at the Fermi level

N(Ef) by the following relation
W =3 /4tR’N(EF) . (6)

The values of various Mott’s parameters N(EF), R, and W for the nanocomposite can be
calculated by using the above equations(1t63. observed that the conductivity data fits tioe
3D- VRH model [2]withy - 4 having the linearity factor of 0.995 for PC1 &n@95 for PC2
composite. Thus it was concluded that 3D—VRH maslslitable for explaining the conduction
mechanism wherein the charge transport occurs lmngrh aided hopping or by thermally
stimulated jumps between the localized dtelow 70 K it was observed that conductivity data
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deviate from the straight-line behavior becausé®w temperature region charge conduction is
mainly dominated by the thermally stimulated tumgglthrough the localized sites. Therefore,

the observed DC conductivity is contributed as sben of hopping conduction and tunneling

conduction.
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Conclusion and future
Scope




5.1 Conclusion
The result presented in this thesis leadsltowing conclusion

1) The polyaniline cobalt ferrite nanocomposite wenetlsesis by emulsion polymerization.

2) The cobalt ferrite nanoparticle used here wash&gired by using precursor method.

3) X-ray diffraction confirmed that the average paetisize of cobalt nano particle ~9 nm.
The nanocomposite formation was also confirmed fkeray diffraction.

4) FTIR studies were confirmed the characteristickpeamrresponding to polyaniline.The
stretched band -SB suggest the nanopowder of CeBg is interacting with
polyaniline. The multiple peaks in FTIR spectraveave number below 600 ¢
confirms the presence of Cokl nanopowder.

5) The UV-Visible absorption studied has shown inghdting of the absorption maxima as
compared to pristine polyaniline. This was also foomation of incorporation of Co
ferrite nanoparticle in polymer matrix.

6) The saturation magnetization values were also woted for different composition.
These values were stable for electromagnetic sheelpplication.

7) The effectiveness of electromagnetic shielding areecked by dielectric measurement in
microwave region. The shielding effectiveness doealbsorption and reflection was
found in range (20-40 dB) and (4-6 dB) respectively

8) The temperature dependent conductivity studiesewalso important for shielding
application. The conductivity result revealed thihe conductivity model followed by
nanocomposite is VRH model.
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5.2 Future Scope

The studies embedded in thesis further suggesie sareas of technology and academic
importance. They are as follows-

1) The investigation in the present thesis are relatéd microwave absorption and dc
transport studies of polyaniline-CoFe compositenifar type of properties need to be
investigated for polyaniline and other soft ferm@no composite.

2) The EMI shielding devices cover a range of freqiesndn different application.
Therefore polyaniline -soft ferrite nano-composieed to be investigated for effective
and versatile application.

The shielding effectiveness (SE) of polyanilineobalt ferrite nano-composite has been
found to be 22.4 dB, which is not constant withgtrency. Therefore, the processability of
polyaniline cobalt-ferrite nanocomposie such astilayer, thin films etc. need to be
optimized so that shielding effectiveness (SE) wdadcome stable with frequency
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