Highly effective hydrogen isotope separation through quantum sieving
Renjin Xiong*, Xiayan Yan, Yaqi Song, Jinfan Chen, Peilong Li, Degao Wang, Ge Sang,
Changan Chen, Tao Tang, Wenhua Luo
Institute of Materials, China Academy of Engineering Physics, P.O. Box 9071-12, Mianyang
621907, China. xrj902@163.com
Tritium plants represent integral facilities in controlled nuclear fusion energy systems, performing
trittum breeding, extraction, purification, storage, and recycling. Hydrogen isotope separation
constitutes a core technology within these plants, with its functionality spanning the deuterium-
tritium inner fuel cycle, outer fuel cycle, and tritium safety containment systems. This technology
critically governs the fusion reactor's tritium self-sufficiency and operational safety. Conventional
separation techniques—including cryogenic distillation (CD), Girdler-Sulfide processes, membrane
separation, electrolysis, thermal diffusion, chromatography, and thermal cycling absorption
purification (TCAP)—exhibit inherent limitations such as low separation efficiency and high energy
consumption. Recently, hydrogen isotope separation via quantum sieving in porous materials has
emerged as a promising frontier due to its ultrahigh selectivity. This work comprehensively reviews
field advancements and details our research group's recent progress in: (1) establishing a quantum
sieving separation research platform, (2) fabricating high-efficiency separation materials, and (3)
experimentally validating deuterium-tritium separation feasibility.
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Fig.1 Hydrogen isotope separation via quantum sieving in our research group
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