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Abstract 
The long-term performance of spent nuclear fuel (SNF) during storage and disposal is strongly influenced by the oxidation behavior of the UO₂ matrix, as oxidation to higher uranium valence states reduces phase stability, degrades mechanical integrity, and accelerates radionuclide release. Incorporation of Eu³⁺, a probe ion and surrogate of Pu3+, into the UO₂ lattice alters defect chemistry through charge compensation, modifying oxygen vacancy concentrations and local uranium charge state, which influences oxidation and phase evolution. In this work, Eu-doped UO₂ was synthesized by co-precipitation and characterized using Raman mapping and cathodoluminescence imaging, revealing heterogeneous Eu concentration with enrichment near grain boundaries. The influence of Eu doping on oxidation behavior was investigated through in-situ synchrotron X-ray diffraction and Raman spectroscopy, with higher doping concentration up to 10 at.% delaying oxidation.
