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ABSTRACT

Electromagnetic pollution is the overabundance of electromagnetic radiations emitted by
electronic devices like cell phones, cordless phones, WiFi routers or bluetooth-enabled
equipment and our relationship with these devices has become more and more intimate. The
potential effects of electromagnetic pollution, both in terms of its interaction with electronic
devices as well as biological species are serious concerns for research community. Therefore,
protection from such harmful radiations must be acquired by either blocking or shielding these
unavoidable severe electromagnetic radiations. Metals have been typically used as the material
of choice for shielding applications but heavy weight, corrosion susceptibility and cumbersome
processing methods makes them unsuitable for both the researchers and users. Alternatively,
polymer nanocomposites have gained significant popularity as electromagnetic interference
(EMI) shielding materials because of their low cost, facile synthesis and ease of processing.

Different thermoplastic and thermoset polymer matrices have been explored for development of
lightweight composite material for EMI shielding applications. Among the thermoplastic
polymers, thermoplastic polyurethanes (TPU) have attracted a great deal of attention due to their
combination of properties such as flexibility, stretchability, transparency, good abrasion and
chemical resistance, good wear and weather resistance and good mechanical properties.
Although graphene and carbon nanotubes have been explored as conducting fillers in
polyurethane matrix for the development of EMI shields, however no reports are available using
a combination of these fillers along with magnetic nanoparticles in thermoplastic polyurethane
matrix. Therefore, it was of great interest to investigate graphene and graphene based hybrid
fillers and their composites with TPU matrix as efficient EMI shielding material. In addition to

the EMI shielding, thermal, mechanical and electrical properties have also been discussed.



The thesis has been divided into six chapters. Chapter 1 deals with the brief introduction of
electromagnetic radiation and interference along with the method used and materials required for
EMI shielding. Graphene is discussed briefly including structure, properties, synthesis
techniques and integration to hybrid filler. Different processing techniques used to fabricate
polymer composites are described. It also summarizes the literature reports based on the thermal
and mechanical properties, electrical conductivity and EMI shielding performance of
graphene/TPU nanocomposites.

The detailed methods used for the synthesis of reduced graphene oxide (RGO), graphene-carbon
nanotubes hybrid, BaFe;,010@RGO and BaFe;,010@GCNT hybrid fillers and also illustrations
of different techniques and underlying principles for their detailed characterization are given in
Chapter 2 of thesis. Fabrication of nanocomposites of TPU with above mentioned fillers and
their detailed characterization is also a part of this chapter.

The effect of reduced graphene oxide on the morphological, thermal, mechanical and electrical
properties of thermoplastic polyurethane is discussed in Chapter 3. The polymer shows uniform
adherence with the filler nanosheets and this adhesion is indicative of strong interactions
between filler and matrix. A marginal enhancement in the thermal stability and tensile modulus
of TPU was observed with the addition of RGO. The developed PUG nanocomposites exhibited
an EMI shielding value of -21 dB in the X-band (8.2-12.4 GHz) and -38 dB in the Ku-band
(12.4-18 GHz) for 10 wt.% RGO loading at sample thickness of 3 mm. These composites show
a low percolation threshold of 0.81 wt.% which is mainly attributed to the formation of first
continuous network of conducting interconnected graphene nanosheets in the insulating

polyurethane matrix.



Adding hybrid fillers to a polymer matrix has proven to be a favorable way to improve the
physical properties of polymer nanocomposites. In this regard, graphene and carbon nanotubes
are integrated into a hybrid structure (GCNT) and their synergistic effect on the thermal,
mechanical, morphological and electrical properties of thermoplastic polyurethane was
investigated and discussed in Chapter 4. Morphological studies reveal the formation of hybrid
nanostructure with CNTs adsorbed on the graphene sheets. Raman and FTIR spectroscopic
techniques were employed to characterize the structural changes occurring in the hybrid filler
based nanocomposites. The tensile modulus of nanocomposites increased upon incorporation of
GCNT filler. The developed PUGCNT nanocomposites exhibited an EMI shielding value of -34
dB in the X-band and -47 dB in the Ku-band at 10 wt.% GCNT loading which was much better
than the RGO/TPU composites.

Since, some strategic applications requires to reduce the contribution of shielding effectiveness
due to reflection, magnetic filler barium hexaferrite has been introduced along with the above
mentioned conducting fillers in the last part of the thesis. Chapter 5 focuses on the EMI
shielding performance of barium ferrite decorated reduced graphene oxide /or barium ferrite
decorated graphene-carbon nanotubes hybrid/polyurethane nanocomposites. The presence of
different phases has been confirmed by XRD, TEM/HRTEM, FTIR and Raman spectroscopic
analysis. The total EMI shielding effectiveness of barium ferrite decorated reduced graphene
oxide hybrid and barium ferrite decorated graphene-carbon nanotubes hybrid is achieved upto -
32 dB and -84 dB in the Ku band. Composites of polyurethane as matrix and the above
mentioned hybrids as filled inclusions crossed the required limit of the EMI shielding value for
commercial applications and suggest the suitability of these nanocomposites as capable aspirants

to make futuristic radar absorbers.
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Chapter 6 summarizes the key findings of the study, gives major conclusions and offers the
need to demonstrate the practical utility and commercial viability of these nanocomposites as

EMI shields. Suggestions for the future work are also included.

vii
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