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Abstract

Owing to their optical transparency and chemical stability, oxide glasses are used in a range of
applications varying from interactive displays, laboratory glasswares to nuclear waste
immobilization. Determination of mechanical properties is critical for application of glasses
for abovementioned applications. Indentation technique is a popular choice to measure the
mechanical response of such oxide glasses due to the convenience in sample preparation and
reliable data acquisition from small specimen volume. Various mechanical properties of oxide
glasses to mention a few such as hardness, elastic modulus, crack resistance, scratch resistance
can be measured by employing indentation technique. The central aim of this thesis is to
explore the use indentation technique in studying the mechanical response of various oxide
glasses.

Hardness is one of the important properties of glasses which is measured from their indentation
response. However, hardness depends strongly on the method of measurement. Initially, we
estimate the hardness of three oxide glasses, namely, pure silica (0B), borosilicate (37B), and
sodium borate (75B) glass samples at micro and nanoscale. Mechanical polishing is usually
carried out to prepare the glass surface required for such indentation tests and can result in
generation of residual stress that can change near-surface glass properties significantly. It was
observed in this study that annealing of these glass samples, after polishing, has little effect on
their hardness and modulus. Interestingly, it was noticed that the nanoindentation is unable to
capture the full extent of elastic recovery, thereby underestimating the hardness of these
glasses. Such post-indentation elastic recovery is highly dependent on the chemical
composition of glass. Combining nanoindentation and atomic force microscopy (AFM)
imaging, the complete elastic recovery of glass samples was accurately captured, thereby

calculating the true hardness values from indentation depth profiles. Pile-ups surrounding the



residual imprint are also considered in the true hardness estimation. Overall, it is shown that
post-indentation elastic recovery plays a crucial role in determining the hardness of glasses.
Further, to investigate the composition-dependent indentation deformation response of glasses,
range of borosilicate glasses having varying network formers (Si/B) ratio with constant
network modifiers was employed. The borosilicate glasses were annealed below their
corresponding glass transition temperature following the nanoindentation measurements to
evaluate the extent of densification and shear flow as a function of its composition.
Intriguingly, we noticed that the volume recovery upon annealing is inversely proportional to
the hardness of the glasses. This implies that the resistance to permanent deformation is closely
related to the network connectivity of the glasses, which in turn controls the mechanism of
deformation under sharp contact loading. The significant role of alkali and alkaline earth
modifiers in modulating the composition-dependent indentation behavior of the borosilicate
glass series is shown.

Despite having attractive features, the inherent brittle nature of oxide glasses limits their use in
load-bearing and structural applications. Hence, reducing the brittleness behavior of oxide
glasses is necessary to improve its reliability and service life for potential applications. With
this objective, in this thesis, we also report on the mechanical behavior of the ion-exchanged
sodium alumino-phosphosilicate based oxide glasses as a function of chemical strengthening
duration. Interestingly, a massive improvement in the crack resistance of oxide glass was
observed with respect to the ion-exchange duration. The glasses were able to sustain loads as
high as 150 N without the initiation of strength reducing radial cracks on the surface which is
almost 1400% increase from the base glass crack resistance value of 11.2 N. This was
achievable within 30 minutes of ion-exchange duration. Also, elasto-plastic behavior with
regards to normal and lateral loading is also studied to explore the glass’ use for scratch

applications. Further, the scratch damage resistance was also improved due to ion-exchange



strengthening. Overall, this thesis discusses the composition-dependent indentation
deformation of oxide glasses, duration-dependent indentation, and scratch behavior of ion-

exchanged oxide glasses.
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