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Abstract: Oxide nuclear fuels have been widely used in light water reactors. As the oxide fuels 
are burned, a large number of fission products are produced. The chemical and physical states 
of the fission products can influence the oxygen potential of the fuel (chemical reactivity with 
cladding materials) and fuel swelling, respectively. The release of gaseous fission products 
(xenon and krypton) can increase the pressure inside the fuel elements and contribute to the 
internal stresses on the cladding. In addition, phonon scattering by radiation induced point 
defects, extended defects such as dislocation loops and bubbles and grain boundaries plays a 
significant role in limiting the thermal transport properties of oxide fuels. Therefore, it is of 
significance to characterize the chemical and physical states of fission products and understand 
the effects of defects on phonon transport in irradiated oxide fuels. At Idaho National Laborato-
ry (INL), the fine microstructure of fission products, including metal precipitates and fission gas 
bubbles, and the relationships between defects and thermal properties in irradiated oxide fuels 
have been recently characterized using atomic-resolution scanning transmission electron 
microscopy (STEM), scanning electron nanobeam diffraction (SEND), atom probe tomography 
(APT) and laser-based modulated thermoreflectuance microscopy (MTRM) techniques. These 
results further the fundamental understanding of radiation damage and fission products in 
nuclear fuels.
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