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Nuclear fuel based on uranium-plutonium oxides (MOX) undergoes significant structural changes during its lifetime inside a nuclear reactor. For instance, the concentration of Pu varies within the fuel pellet, which affects its thermomechanical behaviour. However, the exact nature of these microstructural changes and their origin are still not fully understood. Moreover, safeness and effectiveness must be assured during processes involving MOX fuel such as fabrication, operation and recycling. We have carried out molecular dynamics simulations to investigate the primary damage created by an irradiation event. Frenkel pair recombination and displacement cascades studies were chosen to create a database of the effects of irradiation for several cases coming from varying plutonium content and temperature. Moreover, based on a prior empirical potential assessment, it was selected two suitable interatomic potentials for this irradiation study.

Traverse metallographic section of a Phenix fuel pin.

Cascades Analysis

Number of Frenkel pairs averaged over 5 (75 KeV) and 15 (10, 5 KeV) independent cascades

• Number of Frenkel pairs for Cooper > Potashnikov's.

• At the end of the 75 keV cascade, highly defected structure is found in the main cascade body for Cooper potential, whereas for Potashnikov potential only few point defects are created. This trend is not observed for lower energies, for both potentials reconstruction is found with few remaining point defects. • The number of displaced atoms tends to follow stoichiometry.

• A cluster Analysis of defects was carried out. As a general trend, clustering of vacancies is higher than interstitials. However, clustering of oxygen interstitials for Cooper's potential seems to be higher than for vacancies. This could explain the observation of the highly defected fluorite structure for Cooper's potential at higher energy.

Defect analysis snapshots for Cooper and Potashnikov potentials cascades at the end of the relaxation for 75 keV PKA (~50 ps)
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Frenkel pair recombination

• The recombination process is highly temperature dependent.

• Recombination

Potashnikov > Cooper

• Recombinations using Potashnikov's potential seem to be easier than for Cooper's potential.

• The recombination process is highly temperature dependent.

• As a general trend, the number of Frenkel pairs is higher for Cooper's potential than for Potashnikov's. For 75 keV PKA this can be explained by the defected zone found in the main cascade body using Cooper potential. The number of displaced atoms tends to follow stoichiometry. • From the cluster analysis, the major difference between both potentials is the clustering of oxygen interstitials. For Cooper's potential it seems to be higher than for the vacancies one whereas for Potashnikov's potential is the opposite. Suggesting a possible blocking mechanism for reconstruction at higher energies in the case of Cooper's potential. • As future work. The results of the cascade analysis give us an idea of the complex defects configuration for different PKA energies. This is the main input for carrying out the accumulation of defects analysis which consists of introducing this defect configuration directly rather than expose the system to several cascade events which are very computational time expensive.

Displacement cascades

We observe the formation of sub-cascade branches followed by a thermal spike and finally recrystallization.

At the end of the cascade, no amorphization is observed, and only few point defects are created.

 Force field (empirical potential).

For this study we used 2 different empirical potentials of form:
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