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Abstract
Chemically strengthened aluminosilicate glasses
are key materials for modern consumer elec-
tronics, optics, and lightweight structural applica-
tions. Strengthening is typically achieved by ion
exchange, where smaller alkali ions in the near-
surface region are replaced by larger ions from
a molten salt bath. This substitution creates a
depth-dependent compressive stress profile that
can significantly improve damage tolerance and
fracture resistance.

The objective of this thesis is to develop and val-
idate a physically motivated model for diffusion-
driven ion exchange in glass basedon the Landau-
Lifshitz and Gurtin theoretical frameworks. The
work should formulate both approaches in a com-
mon notation and implement them for chemically
strengthened glass to predict concentration pro-
files, depth of layer, and residual stress evolution
under varying process conditions (time, temper-
ature, and bath composition). Numerical results
from both models will be compared with experi-
mental data provided by the Institute of Structural
Mechanics and Design (ISMD).

Task
Main goal: Build a predictive modelling frame-
work for diffusion processes during chemical
strengthening of glass and evaluate parameter
sensitivities.

Source: https://www.yettw.com/en/blog/chemical-glass-
strengthening

Work packages

• Literature review on ion-exchange strength-
ening and diffusion models in glass.

• Derivation of the Landau-Lifshitz-based
model for diffusion and stress evolution.

• Derivation of the Gurtin-based model using
the same boundary and loading conditions.

• Numerical implementation of both models
(e.g., finite differences or FEM) and verifica-
tion.

• Parametric study for temperature, treatment
time, and initial composition.

• Quantitative comparison of both theories:
accuracy, sensitivity, and computational ef-
fort.

• Validation with published or provided con-
centration/stress-depth profiles.

• Critical discussion of applicability limits and
recommendations for model selection.
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