The effect of radiation damage by fission fragments on structural stability and dissolution of the UO2 fuel matrix
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Uranium dioxide, UO2, is the main form of the nuclear fuel used in the present generation of nuclear reactors. The knowledge and understanding of its in-reactor behavior and its stability under subsequent storage and disposal conditions are of great technological importance [1]. 

The aim of this work was to study the separate effect of fission fragment damage on the structural stability and dissolution of the uranium dioxide matrix in water. The radiation damage effects were studied by irradiating a set of samples with 92 MeV Xe ions to a fluence of 4.8 × 1015 ions/cm2 at GANIL accelerator, France. The samples were thin films (90 - 140 nm) of UO2 on single crystal LSAT (Al10La3O51Sr14Ta7) substrates produced by reactive sputtering method at University of Bristol, UK [2].
The irradiated and unirradiated samples were studied using scanning electron microscopy (SEM), atomic force microscopy (AFM), energy dispersive X-ray (EDX) spectroscopy, X-Ray diffraction (XRD) and X-ray photoelectron spectroscopy (XPS) techniques to characterize the as produced samples and assess the effects of the ion irradiation on structural and chemical stability of the UO2 matrix. Static batch replenishment dissolution experiment under a nitrogen atmosphere was conducted to assess the effect of the ion irradiation on solubility of the samples. Solutions obtained from the leaching of the irradiated and unirradiated samples were analysed using inductively coupled plasma mass spectrometry (ICP-MS).
The irradiated UO2 thin films underwent significant microstructural and crystallographic rearrangements. It was shown that by irradiating thin films of UO2 with high energy, high fluence ions it is possible to produce structure that is similar to a thin slice through the high burnup structure. It is expected that the ion irradiation induced chemical mixing of the UO2 films with the substrate elements (La, Sr, Al, Ta). As a result, a doped simfuel with induced radiation damage was produced. Rather unexpectedly, the Xe irradiation resulted in a decrease in the amount of dissolved uranium, as compared to the corresponding unirradiated samples. A possible explanation that the irradiation induced chemical mixing with the substrate elements has a stabilising effect on the UO2 matrix and increase UO2 dissolution resistance was suggested. Formation of secondary phases was observed on the surface of the samples during the dissolution experiment.
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