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Glass-ceramic matrices (GCMs) are promising complementary waste forms to R7T7 borosilicate glass for high-level radioactive waste immobilization, owing to their higher waste loading capacity. This work investigated alpha self-irradiation effects in ²⁴¹Am-doped glass-ceramics containing apatite crystals. An 8-year study revealed progressive apatite amorphization, causing swelling and crystal/matrix decohesion without inducing cracking. To reproduce alpha decay effects, Au⁵⁺ and He⁺ ion irradiations were performed to separate nuclear and electronic energy loss contributions. Nuclear interactions were the main source of damage, while He⁺ irradiation induced partial healing. Sequential Au+He irradiations best reproduced alpha self-irradiation damage. These results provide the basis for developing a mechanical model linking microstructure evolution under self-irradiation to crack initiation and propagation, to estimate the maximum crystal fraction compatible with long-term integrity.
