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Irradiation drives a material far from its equilibrium state by introducing high densities of defects, whose dynamics lead to composition changes, phase transformations and microstructure evolution. These processes ultimately lead to irreversible changes in material properties of the components employed in nuclear reactors. This presentation focuses on irradiation-driven thermodynamic instabilities in alloys, which include phase changes and composition instabilities, with a special emphasis on the latter case. These instabilities are particularly important in investigating the behavior of structural alloys and (alloy) fuels in a nuclear reactor environment and the response of alloy thin films to ion beams. Following a brief review of the related experimental and theoretical works, a detailed model of defect and species dynamics in a binary system under irradiation will be presented. This model consists of a set of reaction-diffusion equations governing the dynamics of vacancies, dumbbell-type interstitials and lattice atoms under irradiation; such dynamics includes the stochastic generation of defects by collision cascades as well as the defect and atomic reactions and diffusion. A noticeable feature of this model is that the atomic fluxes are derived based on the transitions of lattice defects, a treatment that is significantly different from the way thermal diffusion is classically handled in alloys. The set of reaction-diffusion equations are highly stiff, hence a stiffly-stable method, known as Gear method, has been used to numerically approximate the equations. For the Cu-Au alloy, a miscible binary system, the model results clearly demonstrate the formation of compositional patterns under high-temperature particle irradiation, with Fourier spectra that depend on the cascade characteristics, average composition and temperature. Both stability analysis and numerical simulation results will be presented.
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