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ABSTRACT

Shear thickening fluids (STFs) have so far been developed by conventional methods using hard
solid particles of silica of different shapes and sizes. The potential of hybrid mesoporous silica for
STF preparation has remained unexplored. Similarly, the integration of polyborosiloxane (PBS)
into thermoplastic polyurethane (TPU) matrices and the development of PBS/TPU composite
foams via supercritical CO: (scCO2) foaming have not yet been investigated. This thesis addresses
these gaps by systematically designing, synthesizing, and characterizing boron-modified
mesoporous silica of various particle sizes and different morphologies for the preparation of STFs.
This study extends further to reorganization and transformation of those STFs into PBS/TPU-
based composites and foams aiming at high-performance impact protection.

Under the present research-work, a co-condensation strategy was optimized to synthesize
mesoporous and non-porous silica by controlled boron content, and variation in particle size and
morphology. Rheological studies revealed that mesoporous silica significantly outperformed non-
porous analogues. With its porosity and minimal boron content it synergistically enhanced shear
thickening behavior. Moreover, it was observed that particle size greatly helps tune the critical
shear rate and viscosity response. Mesoporous silica having relatively larger particles effectively
imparts viscoelasticity and discontinuous thickening via dense frictional contact networks.
Morphology was found to be equally critical. Spherical and short-rod particles enabled efficient
energy dissipation, while Kevlar fabrics treated with short-rod-STF composites demonstrated
superior yarn pull-out resistance and absorbed up to 91.9 J in drop impact tests, far surpassing
untreated fabrics.

Based on these insightful results, PBS was melt-blended with TPU and reinforced with

mesoporous silica, followed by scCO: foaming. The results revealed that low PBS loadings (=5

Vi



wt%) substantially improved compatibility and stress transfer, while higher loadings caused phase
separation. Boron-modified mesoporous silica markedly improved interfacial adhesion,
dispersion, and foam nucleation, enabling stable bimodal cell structures under optimized foaming
pressures, (at 180—190 bar). Mechanical testing also confirmed that low PBS blends and silica-
reinforced composite achieved superior tensile strength. The TPU/PBS boron modified
mesoporous silica composites have shown excellent ductility, fatigue resistance, and damping
capacity, making them a promising candidate for lightweight protective and vibration-damping
applications.

Overall, this thesis involves a pioneering work on the use of hybrid mesoporous silica in STF
formulations and attempts to establish a scalable pathway to engineer PBS/TPU-based foams with

tailored morphologies for multifunctional performance.
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