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Next-generation nuclear reactors place ever-increasing demands on materials’ performance in
extreme environments. Carbides are particularly attractive due to their exceptional high-
temperature stability, corrosion and radiation resistance, and mechanical strength.

In this talk, I will highlight recent advances in understanding the atomic-scale mechanisms
underlying radiation resistance of carbides, focusing on the roles of chemical short-range
order (CSRO) and interfaces. I will discuss both binary carbides, such as SiC, and emerging
high-entropy carbides (HECs). These advances are enabled by a combination of density
functional theory, machine-learning interatomic potentials, and experiments.

Our studies reveal that grain boundaries in carbides are inherently off-stoichiometric, even in
line compounds with a strong thermodynamic drive toward stoichiometry. Moreover, the
complex energy landscape of carbides drives radiation-induced segregation (RIS), with
mechanisms that vary among different ceramics. This diversity underscores both the richness
of defect recovery processes and the need to identify generalizable rules. In SiC, we find that
RIS can unexpectedly enhance corrosion resistance in high-temperature aqueous
environments. In HECs, we report the first observation of CSRO and show its impact on
radiation-induced swelling.

Finally, I will introduce a new model for predicting single-phase stability in HECs, based on
high-throughput density functional theory calculations and validated against experiments.
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