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ABSTRACT

In recent years, the quest for sustainable and efficient methods in material science has led to
the exploration of novel approaches for synthesizing functionalized silica. This study focuses
on optimizing the synthesis of functionalized green silica from sodium silicate derived from
rice husk ash via co-condensation and introducing nitroxide and nitrone functionalities that can

be subjected to polymer grafting as well as a reinforcing filler with elastomers.

In this study, an optimized method for synthesizing functionalized green silica from rice husk
ash via co-condensation has been developed and extensively examined using conventional
silanes. The method's efficiency was compared with conventional post-modification
approaches on commercial precipitated silica (CPS) and commercial rice husk ash silica
(CRHA) using (3-mercaptopropyl)triethoxysilane (MPTEYS) and (3-
aminopropyl)triethoxysilane (APTES). Silane grafting density, determined through TGA
analysis, revealed that the co-condensation method exhibited higher efficiency at higher
loadings of silane. The synthesized green silica, derived from rice husk ash, offers a sustainable
alternative to conventional silica synthesis methods. The energy-efficient functionalization
method, optimized for co-condensation, was explored for its potential to enhance silica's
interaction with elastomers. Comparative studies with conventional in situ silane addition were

conducted using bis(triethoxysilylpropyl)tetrasulfide silane.

Furthermore, nitroxide functionalized silica was synthesized using thiol-ene reaction with 4-
acryloyloxy(2,2,6,6-tetramethylpiperidin-1-yl)oxyl (TEMPO) and mercaptopropyl
functionalized silica. The method of functionalization, whether post-modification or co-
condensation, significantly affected nitroxide loading. Nitroxide functionalized samples were
subjected to polystyrene grafting, revealing that grafting density increased with conversion and

initiator-to-monomer ratio. Nitrone functionalities were introduced to silica surfaces via thiol-

vii



ene reaction, showcasing their potential in polymer grafting through enhanced spin-capturing
polymerization (ESCP) and 1,3-dipolar cycloaddition. Compounding studies with styrene-
butadiene rubber demonstrated the effectiveness of nitroxide and nitrone functionalities in

capturing elastomer radicals during mixing, affecting curing time and mechanical properties.

This thesis highlights the usefulness of nitrone and nitroxide functionalized silica as a
reinforcement in polymer matrices, offering covalent silica-polymer interactions. The
compounding studies with styrene-butadiene rubber emphasize the interaction of nitrone and
nitroxide functionality in silica with respect to the loading, method of functionalization, and
surface area, providing insights for tuning curing time in compound preparation. Overall, this
research contributes to the development of sustainable and efficient methods for functionalized

silica synthesis and its application as a reinforcing agent in elastomer-based composites.
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