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ABSTRACT





In a nuclear reactor environment, intense particle irradiation results in significant microstructure, composition and phase changes in the fuel and structural materials. These changes are strongly influenced by the operating temperature and stress conditions and result in severe dimensional changes and mechanical and thermal property degradation. Over the past several decades, researchers have gathered large databases on various aspects of radiation effects in materials and developed a wide range of models to describe the mechanisms and microstructure processes leading to the observed macroscopic radiation effects. Although such efforts have enriched our knowledge about materials under the extreme condition of irradiation, a unified view of how to describe radiation effects in materials is still largely missing. In this presentation, a field theoretic approach to modeling and understanding the microstructure and composition changes occurring in irradiated materials will be presented. This approach is based on the principles of statistical physics and (continuum) non-equilibrium thermodynamics and mechanics, and it focuses on the mesoscale complexity of defects and microstructure dynamics. The central piece of this approach is a thermodynamically consistent phase field model that applies to a wide range of irradiation driven phenomena such void and gas bubble formation and composition evolution in multi-component materials. The physical basis, mathematical foundation and results of the model will be discussed.





SHORT BIO





Anter El-Azab is a professor of Nuclear Science and Engineering and Materials Engineering at Purdue University. He joined Purdue in January 2012. Prior to that, he was a professor of Computational Science and Materials Science at Florida State University. His research interests are in the field of theoretical and computational modeling of defects in materials and his current research includes microstructure evolution in irradiated alloys and ceramics, morphological instabilities in heterogeneous and nanoscale materials, dislocation dynamics and mesoscale deformation of metals, and reduced order models in materials science. He worked for six years as a senior scientist at Pacific Northwest National Laboratory; there he joined the computational mechanics, applied mathematics, and the interfacial and nanoscience groups. Anter obtained his Ph.D. degree in Nuclear Engineering (Mechanics and Materials) in 1994 at the University of California, Los Angeles, majoring in Applied Plasma Physics and Fusion Engineering, and his B.S. and M.S. degrees also in Nuclear Engineering at the University of Alexandria. He is a member of the executive committee of the DOE-funded Energy Frontier Research Center for Materials Science of Nuclear Fuel, which is headed by Idaho National Laboratory jointly with several laboratory and university partners including Purdue University.








