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Large grain UO2 based nuclear fuels have drawn considerable interest a part of current and next generation “advantage technology fuels” (ATFs). Larger grains increase the fission-gas diffusion mean free path, enhancing gas retention and enabling longer in-pile irradiation with reduced spent fuel inventories, a strategy that has attracted growing attention. Nevertheless, the exact mechanisms that unlock grain growth are often poorly or loosely defined in the literature, particularly the individual roles of sintering atmosphere, dopant type, and dopant content. Cr and Al/Cr co-dopants are of particular interest given their wide use and deployment in current reactor ATFs. In the present work, these dopants were investigated under varying atmospheric conditions to identify the conditions that enable optimum versus detrimental grain growth in UO₂. Analysis is provided by X-ray diffraction and electron microscopy, complemented by mechanical measurements. By considering the sintering atmosphere in terms of oxygen partial pressure alongside dopant type and known thermodynamic behaviour under these parameters, the specific conditions enabling enhanced or detrimental grain growth are determined. These results are discussed in relation to current trends in large-grain UO₂-based fresh and spent fuel materials.

