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ABSTRACT

The objective of the present thesis is to design and develop processable conducting
polymer i.e. polypyrrole and its composites filled with conducting fillers such as multi walled
carbon nanotubes/or graphene for EMI shielding application. In addition polypyrrole impregnated
conducting fabrics and polypyrrole filled thermoplastic polyurethane composites were also
prepared for microwave shielding application. These conducting polymers and their composites
were characterized thoroughly for structural (XRD, FTIR, Raman), thermal (TGA), morphological
(SEM, HR-TEM), electrical (two probe and four probe conductivity) properties. Evaluation of
EMI shielding was carried out in the frequency range of 8.2-12.4 GHz (X-band) and 12.4-18.0

GHz (Ku or P-band).

The thesis is divided in seven chapters. Chapter 1, gives an idea about the increasing
threat of electromagnetic interference. It throws light on the basic concept of shielding, suppression
of electromagnetic interference (EMI), need of material for shielding, methods to measure EMI
shielding properties and electromagnetic attributes of shielding effectiveness. This chapter also
thoroughly describes the concept of m-conjugated polymers (intrinsically conducting polymers),
with a special focus on polypyrrole (PPy). This chapter gives an idea about different synthesis

routes for preparing doped conducting polymers and their composites and blends.

Chapter 2, describe the method used for the synthesis of conducting polymer, composites,
blends, fabrics. This chapter also describes the characterization techniques and their working
principles. Chapter 3, describe optimization parameters for the synthesis of highly conducting
polypyrrole for efficient EMI shielding application. The effect of reaction parameters i.e. oxidant
concentration (ferric chloride), dopant concentration and nature of dopant (sodium lauryl sulphate
[SLS], sodium dodecyl benzene sulphonate [SDBS], lithiosulphoisophthalic acid [LiSiPA] and

naphthalene disulphonic acid [NDSA]) on the conductivity and electromagnetic shielding

v



properties of polypyrrole (PPy) was investigated. The conductivity and shielding effectiveness of
PPy obtained was found to be dependent on the concentration of oxidant and nature of dopant and
it was highest when the molar ratio of pyrrole: oxidant: dopant was 1:2:1. Polypyrrole synthesized
using optimized conditions and SLS as dopant had highest conductivity (42 S/cm) and
electromagnetic shielding effectiveness i.e. an average of -110 dB in the X-band [8.2-12.4 GHz]
which is the highest value ever reported for the PPy synthesized by chemical oxidative
polymerization. Absorption dominant shielding mechanism makes PPy a suitable candidate for
radar absorbing materials. The shielding properties are very close to the conventional metals with

an additional advantage that the primary mechanism of shielding is absorption dominant.

Chapter 4, describes the synthesis of highly conducting composites of polypyrrole using
conducting fillers [Multiwalled carbon nanotubes (MWCNT) and graphene]. Although
polypyrrole prepared in presence of SLS as a dopant and MWCNT as a filler did not show much
difference in EMI shielding due to higher limiting value of VNA but PPy prepared in presence of
LiSiPA and MWCNT show a great increase in conductivity (25 S/cm to 52 S/cm) as well as EMI
shielding properties (-75 dB to -108 dB) upon incorporation of 0-5 weight percent of MWCNTs.
PPy prepared in the presence of graphene as a filler also exhibit an increase in conductivity and

EMI shielding effectiveness.

In chapter 5, synthesis methods of conducting blends of thermoplastic polyurethane with
PPy/MWCNT has been discussed. Composite of polyurethane filled with polypyrrole/MWCNT
(PPy) were prepared by solution blending using DMF as solvent. The composites were
characterized by XRD and Raman spectroscopy. The effect PPy/MWCNTs on electrical
conductivity and microwave shielding efficiency of TPU was investigated to evaluate their
potential as an effective EMI shield. These composites show absorption dominated total shielding
effectiveness (SEt) up to -46 dB in 8.2-12.4 GHz range suggesting their utility for microwave

absorbers.



In chapter 6, an attempt was made to prepare wearable conducing fabrics by impregnation
of PPy over the surface of different fabrics by in-situ polymerization of pyrrole using optimized
conditions. The idea of impregnation of PPy over fabrics was adopted to combine conducting
properties of PPy with good mechanical strength, flexibility and stich-ability of fabrics. For this
purpose four different fabrics (cotton, cotton lycra, nylon, polyester) were selected. Cotton lycra
impregnated with polypyrrole showed EMI shielding efficiency of -18.7 dB in X- band at a
thickness of 0.3mm. Summary of the thesis and main conclusions are given in chapter 7.
Suggestions and future scope is also included. The effect of dielectric or magnetic particles on

EMI shielding of PPy is included in Appendix.
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