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Abstract

Nuclear waste glasses are used to contain and dispose of the waste generated in nuclear power
plants and other similar facilities. Most of the radioactive waste emits large amounts of
radiation and has long half-life. The management of high-level waste is carried out using a
process called vitrification. Borosilicate glasses are used for vitrification as the base glass due
to their high-temperature resistance and chemical stability. One more prominent advantage of
borosilicate glasses is that they maintain their formability across large compositions. While
various experiments and simulation studies have been conducted to predict damage due to
irradiation in a particular class of borosilicate glasses used in nuclear waste immobilization,
the effect of irradiation on the structural and mechanical properties of different variants of
borosilicate glasses is poorly understood. Thus, it is essential to understand the effect of glass
compositions and irradiation on the structure and properties of a series of such glasses.

The central aim of this thesis is to estimate the severity of irradiation and its effect on the
mechanical and structural properties of borosilicate glasses of varying compositions. The
mechanical properties investigated in the thesis are the density, fracture toughness, brittleness
index, and fracture energy. Also, the study aims to develop composition-independent potential
parameters for studying the sodium boroaluminosilicate (NABS) glasses.

Molecular modeling played a central role in the discovery of new materials and in studying the
properties of these glasses at atomic scales. To achieve this, molecular dynamics MD-based
studies were conducted to calculate the aforementioned structural and mechanical properties
of borosilicate glass variants. To fully harness the power of modern parallel computers, a
Large-scale Atomic/Molecular Massively Parallel Simulator (LAMMPS) was used, which is a
scalable molecular dynamics code including long-range Coulomb interactions. BKS potential
parameters have been specifically calibrated in-house to simulate the effect of radiation on
glasses and their mechanical and structural properties. We simulated glasses using the melt-
quench method and run fracture simulation on both irradiated and pristine glass structures.
The results of the simulations revealed a composition-dependent transition in the volumetric
response of borosilicate glasses under irradiation. It was observed that the borate-rich
compositions tend to swell, whereas the silica-rich glasses tend to densify. Also, the structural
and mechanical properties of irradiated and pristine glasses were compared, and the simulated
results were validated against published experimental results and simulations from the existing

literature. The effect of cooling rate and irradiation on the structure and glass-forming ability



of glasses was also studied. The analysis showed that glass transition in forbidden and
allowable regimes depends on the method of glass formation. As mentioned before, fracture
simulation on pristine and irradiated glasses showed that the irradiation could be a factor in the
increase of ductility in irradiated glasses relative to their pristine counterpart. For the
development of NABS potential parameters, we examined the mechanical properties, such as
the density and elastic modulus. The developed potential parameters were also validated

against both experiments as well as previously simulated results.
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