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Thermal Transport in Ceramic Oxide Nuclear Fuels Impact of Microstructure on Fuel Performance Characterizing Early-Stage, Small-scale Lattice Defects
> Transport of thermal energy liberated from fissile atoms underlies the > The performance of ceramic oxide nuclear fuels is directly tied to their » Characterizing statistically-significant populations of
physics basis for electricity generation in nuclear power plants thermal conductivity, which in turn, is dictated by the fuel atomic-scale defects is challenging even with ultra-high
» Actinide oxides (UO,, ThO,, and U _Th, O,) have garnered microstructure. resolution electron microscopy
considerable attention owing to their use as nuclear fuels in commercial » Under coupled extremes of temperature and radiation fields, the » This has motivated the use of indirect approaches such as
and next-generation reactors microstructure can rapidly evolve, and lead to the formation of atomic  optical, photoluminescence and Raman spectroscopy, as well
» A complete atomistic-to-fuel scale understanding of thermal transport in level as well as extended length-scale structural defects. as X-ray diffraction and spatially-resolved laser-based
actinide oxides remains a grand challenge due to complexities » Microstructural defects introduce lattice distortions that act as mesoscale measurements of thermal and elastic to quantify
associated with accurately treating electron correlation in UO.. ThO, is scattering sites for phonons and can drastically alter thermal the presence of lattice point defects and small-scale defect
a model fuel material for studying thermal transport without the properties. clusters.
complexities associated with electron correlation effects. » Comprehensive understanding of the effect of radiation-induced > When coupled with conventional characterization tools such
> DQping with U-atoms (UxTh]-xOQ) enables Sysfemqﬁc sfudy of the effect lattice defects on phonon-medid’red thermal frC]nSpOI"l' in oxide as electron microscopy, indirect tools can provide vital
of 5f electrons on thermal transport in actinide oxide fuels nuclear fuels is directly tied to reactor efficiency and safety information needed to accurately model defect evolution
Hydrothermal synthesis of high-quality ThO, and U Th, O, Photoluminescence (PL) measurements in proton-irradiated Mesoscale thermal transport measurements in the
single crystals with (001) surface orientation thoria (ThO,) single crystals irradiated region using modulated thermoreflectance
ThO, single crystal U-doped ThO, single crystal Dose-dependent photoluminescence emission intensity Temperature-dependent thermal transport measurements
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§0_4_ - o % » Photoluminescence (PL) spectra reveal two broad peaks at ~1.67 eV and ~1.92 thermal conductivity with dose is observed.
eV, whose intensity increases with irradiation dose, and is attributed to electronic » Recovery in thermal conductivity in 600°C irradiated crystals is a result of lower phonon
02 .o . er as . scattering cross section of dislocation loops that form due to the increased mobility of point
transitions following photoexcitation of electrons trapped in neutral or charged ,
defects at elevated temperatures that cluster into extended defects.

30
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Light uranium doping in ThO, leads to rapid reduction in
thermal conductivity
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