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Apstract :

Nuclear waste management, particularly waste containing long-lived radioactive
isotopes such as plutonium-239, cesium-137, and strontium-90, represents one of the
most critical environmental and industrial challenges associated with nuclear energy
utilization. Conventional storage techniques often fail to ensure long-term containment
and stability, increasing the risk of radioactive leakage and its adverse effects on human
health and the environment. This study aims to examine the potential of advanced
materials, including glass-ceramics, porous materials, and nanocomposites, to enhance
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the immobilization and long-term retention of radioactive isotopes. The research adopts
a descriptive-analytical approach by reviewing the physical and chemical properties of
these materials, their resistance to thermal and radiation-induced degradation, and their
long-term stability. Furthermore, the study discusses the role of advanced materials in
reducing radiological risks and promoting more sustainable nuclear waste management
practices, while proposing practical recommendations for their implementation in
modern nuclear facilities. The findings indicate that advanced materials offer a
promising solution for improving environmental and health safety and supporting the
sustainable use of nuclear energy.

Keywords:
(Nuclear waste, long-lived radioactive isotopes, advanced materials, radiological safety,
environmental sustainability)
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