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Abstract

This study is a comparative research conducted to establish the enhancement of shielding
effectiveness of material via foaming using supercritical carbon dioxide. This study focuses
on the preparation of PP-TiO,-Grahene hybrid nanocomposites and their foams using
supercritical carbon dioxide as physical blowing agent for EMI shielding applications.
Titanium dioxide and graphene have been used as nanofillers explicitly due to their dielectric
properties leading to interfacial polarising and high conductivity for energy dissipation
respectively. A non-conventional synthesis technique for the formation of titanium dioxide
nanoparticles was thoroughly investigated which is a modified form of sol-gel technique and
can be successfully used for the formation of anatase phase of titanium dioxide nanoparticles
up to the size of around 7 nanometres with the reaction time of merely 3-5 seconds. The
synthesis technique was further studied for varying reaction parameters namely catalysts,
catalyst concentration, solvent to precursor ratio and temperature, and their effect on particle
size and structure were studied using X-ray diffraction spectroscopy and Dynamic Light
Scattering analysis. Selected synthesized nanoparticles were also melt-mixed in polypropylene
matrix and the prepared nanocomposites were subjected to thermogravimetric analysis to
determine the effect of synthesized nanoparticles on the thermal stability of the

nanocomposites.

As a precursor to foaming of hybrid nanocomposites, this work also attempts to establish a
correlation between rheological properties of nanocomposites and the resultant foam
morphology. To achieve this, optimized foams based on temperature, pressure and saturation
time of nanocomposites containing 1, 2 and 3 wt.% of titanium dioxide nanoparticles were
prepared. Prepared nanocomposite and their foams were characterised for their rheological and

morphological properties to study the effect of added nanofillers and resultant rheological



properties on the foamability and foam morphology of the prepared foams. It was observed
that foaming mechanism of polymer nanocomposites can be represented by linear Maxwell
model depiction of polymer structure, where viscosity and storage modulus of nanocomposites

played a key role in determining the foam morphology.

To obtain a deeper understanding of the physical foaming process, the effect of supercritical
carbon dioxide treatment on structural and morphological properties of polypropylene and its
nanocomposite were also studied by subjecting films of respective materials to supercritical
carbon dioxide treatment at different process conditions (pressure, temperature, saturation
time). Structural and morphological characterisations were obtained using X-ray diffraction
analysis and Electron microscopy of the optimized samples. This supercritical carbon dioxide
treatment was found to result in formation of B crystals of polypropylene in small amounts
along with change in percentage crystallinity and crystallite size. Use of supercritical carbon
dioxide was also found to enhance the distribution/dispersion of nanofillers in the

nanocomposite thereby capable of enhancing the resultant properties.

Finally, hybrid nanocomposites of polypropylene incorporated with titanium dioxide (2 and 3
wt.%) and graphene (5 and 8 wt.%) were prepared and characterised for their structural and
rheological properties. The correlation established for PP-TiO2 nanocomposites was also found
to be efficiently applicable in case of hybrid nanocomposites. Rheological properties of the
nanocomposites were thus found to significantly affect the foam morphology which in turn
affected the specific shielding efficiency of these foams which increased significantly than

compared to unfoamed nanocomposites.

Vi
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