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Abstract

The safe disposal of high-level radioactive waste (HLW) represents a critical challenge for the sustainable development of nuclear
energy. Pyrochlore ceramics are regarded as an ideal matrix for immobilizing actinide nuclides due to their exceptional chemical
stability. However, conventional pyrochlores are susceptible to amorphization under intense irradiation fields, leading to structural
failure. This study designed and fabricated four types of multi-principal element titanate pyrochlores (#1-#4). Utilizing 31 MeV
Kr ion irradiation experiments combined with XRD, Raman spectroscopy, and Vickers hardness testing, the influence mechanisms
of phase structure on irradiation-induced amorphization and hardness were systematically investigated. The results demonstrate
that single-phase pyrochlores exhibit superior irradiation resistance, retaining partial crystalline diffraction peaks up to a fluence of
1.36x10" cm™. In contrast, dual-phase materials experienced more severe amorphization and more significant irradiation hardening.
Raman spectra revealed that irradiation intensifies lattice distortion and induces an order-disorder transition (pyrochlore — fluorite).
This research elucidates the correlation mechanism between phase structure regulation and irradiation resistance, providing a
theoretical basis for designing irradiation-tolerant waste form matrices.
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