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Abstract

A quantitative phase-field model was developed to predict the evolution of gas bubbles in
nuclear fuels. The model takes into account temperature, gas bubble internal pressure,
interfacial energy between bubble and matrix, and elastic strain energy within the material.
The model can handle real equilibrium concentrations of vacancies and gas atoms, which is in
the order of 10-10 to 10-11 at 1500K. Case studies include time-dependent bubble size
evolution as a function of temperature, vacancy and gas generation rates; interaction between
gas bubbles and distribution of gas bubble sizes, etc.

A quantitative model for pitting corrosion in stainless steel was develop. The mass transport
in the electrolyte and electrochemical reactions in the electrolyte/electrode interface are taken
into consideration in the model in order to simulate metal corrosion in a corrosive
environment. The governing equations for the mass transport and phase order parameter are
solved in such a way that the free energy of the system is reduced as a result of diffusion and
migration process while the distribution of electrostatic potential is governed by Poisson’s
equation. A calibration study is performed to relate the kinetic interface parameter with the
corrosion current density which results in a direct relation between overpotential and kinetic
interface parameter. A comparative study is performed to validate the model against the
experimental results.
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