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Excess lattice point defects can drive phase transformations, alter phase selection, or even lead to the formation
of new phases. The removal of these defects serves both as a mechanism for accommodating precipitate
eigenstrain and as a driving force for semi-coherent precipitation [1].

We present a thermodynamic framework for point-defect-induced precipitations, considering both precipitate
eigenstrain and the Gibbs free energy associated with point defect formation. Additionally, we introduce the
concept of a volume-constrained metastable phase diagram to rationalize phase selection in model alloys
subjected to irradiation.

To compute these metastable phase diagrams, we rely on lattice parameters and CALPHAD databases, which
provide the Gibbs free energy of equilibrium phases. For calculating the Gibbs free energies of point defects
and phase formation in cases where reliable thermodynamic data are lacking, we develop statistical physics
methods. These methods extract short-range order (SRO) contributions from ab initio random energy sam-
pling [2,3]. This approach allows us to account for local atomic arrangements, leading to more accurate
predictions of defect energetics, phase stability and metastability.
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