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The role of basic energetic and thermodynamic data in designing new materials is crucial towards their application. Fundamental knowledge of the microscopic factors governing alloy phase stability has increased greatly due to the development of highly-accurate “state-of-the-art” fist principles computational approaches and recent works have demonstrated substantial quantitative improvements in the accuracy of alloy phase diagrams calculated by these techniques.

We will present an overview of recent developments in the application of first-principles calculations to the study of thermodynamic properties and phase equilibria in materials for nuclear applications. Our presentation will be illustrated by applications to the modelling of phase diagrams in metallic systems ( Zr- and Pu- based alloys) and the structural stability of UO2 under irradiation. 

We will also discuss how this parameter-free methodology can play a central role in predicting new classes of materials with targeted properties, designed on computers rather than in laboratories
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