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Abstract: Krypton isotopes have important applications in fields such as nuclear physics and materials science.
However, the stable krypton isotopes exhibit extremely similar physical and thermodynamic properties, resulting in
nearly identical volatilities. Consequently, conventional distillation methods suffer from limited separation
efficiency and large equipment requirements. To improve the separation performance and reduce equipment size, a
cryogenic distillation system based on microchannel structures was designed and constructed. Separation
experiments were conducted using natural krypton under total reflux conditions in order to investigate the krypton
isotopes separation performance. The core of the system is a 5.5-meter—high distillation column, in which
microchannel structures were employed to enhance gas — liquid heat and mass transfer. During total reflux

operation, isotope abundances at the top and bottom of the column were measured using a residual gas analyzer
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(RGA) system. Based on the measured isotope abundances, the height equivalent to a theoretical plate (HETP) was
calculated to quantify the separation performance of the microchannel cryogenic distillation column. Experimental
results showed a clear difference in isotopic composition between the top and bottom samples once total reflux
conditions were reached. More volatile isotopes ("*Kr, #°Kr, #*Kr, and **Kr) were preferentially enriched at the top of
the column, while the less volatile isotopes ®**Kr and ®°Kr were enriched at the bottom. The HETP decreased
continuously with operation time and eventually stabilized at approximately 2 c¢m after 100 hours of operation,

indicating an excellent separation performance. These findings demonstrate the feasibility and high efficiency of

microchannel cryogenic distillation for krypton isotope separation.
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Table 1 Natural abundances of Kr isotopes
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Fig.1 Schematic diagram of the cryogenic distillation column
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Fig.2 Schematic diagram of the microchannel structure
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Fig.4 Temperature variations during the start—up phase of the

experiment
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Fig.5 Reboiler liquid level variation during the start—up phase

of the experiment
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