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Abstract: As one of the fourth-generation nuclear reactors, the Lead-cooled Fast Reactor (LFR) has garnered significant
attention owing to the superior thermophysical and neutron properties of the Lead-Bismuth Eutectic (LBE). However, the
compatibility between its structural materials and liquid LBE remains a critical barrier to its advancement. Liquid Metal
Embrittlement (LME), one of the most prominent challenges, markedly diminishes the elongation and fatigue life of struc-
tural materials under specific conditions, thereby jeopardizing the safety and reliability of the reactors. This paper focuses
on the LME issue in LFR structural materials, elucidating the LME behavior of key candidate structural materials-ferritic/
martensitic steel, aluminum-containing ferritic steel, austenitic steel, and aluminum-containing austenitic steel in high-
temperature liquid LBE, while clarifying their respective sensitivities to LME of various materials To address this formi-
dable challenge of LME, the paper examines various influencing factors, including temperature, oxygen concentration,
strain rate, pre-exposure, and metallurgical state, summarizing the current understanding of how these factors affect LME
and their underlying mechanisms. Finally, based on existing research findings, the paper provides an outlook on the fu-
ture prospects for enhancing the comprehension of the LME mechanism.
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(a) The engineering stress—strain curves of T91 steel tested at 350 °C in liquid lead—bismuth eutectic (LBE) and argon (Ar)

environments, (b) the secondary creep strain rates of CLA16 steel at 550 °C under various stress levels and testing conditions
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316 L materials under different environments
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(a) Variation of fatigue life of 9Cr1Mo steel with temperature in LBE and vacuum environments ; (b) fatigue fracture mor-

phology of T91 steel in vacuum and LBE environments ; (¢) EBSD Analysis of fatigue crack tip in T91 Steel exposed to liquid LBE at

temperatures spanning 150 C— 450 °C
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ments
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