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Abstract

The aim of this research is to develop nanomaterial-based abrasives that can improve the
efficiency and effectiveness of the chemical-mechanical optical polishing process for
superfinish surfaces. The focus is on overcoming the limitations of the conventional abrasive
particle by producing nano-sized abrasive particles with required features such as fine particles,
narrow particle size distribution, high surface area, and high zeta potential. This allows more
efficient cutting and polishing of the glass surface, resulting in a smoother and more uniform
surface finish. The research involves the development and characterization of the
nanoabrasives and investigating their polishing efficiency using different polishing parameters
such as pH, concentration, and polishing time. The research also investigated the impact of the
chemical and mechanical action of the CMP by the nanoabrasive particles on the polishing
performance.

Magnetic field-based polishing techniques, such as MRF, BEMREF, and their variations, rely
on two essential factors: the finishing abrasive and the magnetic particles. However, the
presence of magnetic particles can impede the direct contact of non-magnetic abrasive particles
with the surface to be polished, leading to a decrease in the overall polishing efficiency.
Therefore, the effectiveness of magnetic-assisted finishing depends on the ability of the active
abrasive particles to interact with the surface being polished. Additionally, the optical and
semiconductor industries use a significant amount of commercial abrasives for polishing,
which cannot be recycled or reused, resulting in significant waste. This research addresses this
issue by introducing an abrasive system that can provide Angstrom-level surface roughness in
a sustainable and reusable manner for both magnetic and non-magnetic optical fabrication
processes.

The following four major investigations have been carried out to achieve the goal of the

research work in the thesis.

* A magnetic nanoparticle-based abrasive was developed to fabricate superfinish
surfaces via a conventional chemical mechanical polishing process.

« To further resolve the limitation of the bared nanoparticle-based abrasive, a
functionalization process was utilized to alter the bared-nanoparticle’s physical and
chemical features, such as particle size and its distribution, high surface area, and high
zeta potential. This allowed to lower the surface roughness of the polished surface to

one Angstrom.
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« Toeliminate the need for two types of particles, such as magnetic particles and abrasive
particles (non-magnetic), for the MR-based finishing process, a dual nature magnetic
nanoparticle was developed and utilized in BEMRF polishing.

» To further enhanced the finishing efficiency of dual-nature magnetic nanoparticle-
based MR fluid, a hybrid core-shell-based nanoabrasive was developed for both

magnetic and non-magnetic polishing processes.

It is expected that the results of this study will substantially increase the efficiency of traditional
polishing abrasives of both magnetic and non-magnetic processes for the development of
superfinish optical surfaces.

The first chapter of this thesis presents the needs and applications of superfinish optical
components and fabrication technologies available for such optical component along with its
metrology techniques, challenges involved with the commercially available abrasive for
superfine optical components. The second chapter introduces the nanomaterial-based
nanoabrasive and its applications in optical fabrication. Importance of the magnetic
nanoparticles and a list of possible synthesis methods are also described along with their

characterization techniques.

The third chapter of the thesis focuses on the development of a SPION nanoparticle-based
nanoabrasive for superfine optical polishing. Detailed characterizations of the developed
nanoabrasive are presented along with its precision polishing performance for the development
of superfinish substrate. Moreover, the polishing performance of the SPION nanoabrasives is
also compared with a cerium nanoabrasive. In fourth chapter, the effect of different surface
modifiers on the structural, surface morphology, particle size, dispersion property and chemical
mechanical polishing performance of the bared SPION nanoparticle are investigated in detailed
for the development of superfinish optical surface.

The fifth chapter presents the development of a dual nature magnetic nanoparticle-based
abrasives for magnetic field assisted polishing process. Ball end magnetorheological finishing
is chosen for finishing in this study using developed dual-nature magnetic nanoparticle. The
superparamagnetic characteristics of the magnetic nanoparticle aid in surface finishing without
the usage of another magnetic particle like carbonyl iron particles. The sixth chapter focuses
on the development of the recyclable and reusable core-shell-based hybrid nanoabrasive for
both magnetic and non-magnetic polishing process for the development of superfinish optical

substrates. In the seventh chapter, the advantages, limitations, and the scope for future studies
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of the of the research works on developed SPION-based nanoabrasives for the development of

superfinish optical surface are discussed as conclusions.
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