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Experimental study and process simulation of CO, removal by membrane
separation for online reuse of xenon in medical anesthesia
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REN Xiaoguang®, L1U Jianhui', LIU Dandan', WANG Lina",
YU Haijun', KANG Guodong', CAO Yiming', JIE Xingming'
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Abstract: Medical xenon anesthesia gas will be mixed with a certain concentration of CO, after human
metabolic cycle. In order to meet the requirements of recycling, the CO, concentration should be reduced
to less than 0. 50%. Commercial polyetherimide (PED) and polysulfone (PSf) were used as raw materials
to prepare hollow fiber membranes. The permeation rates of O,, Ny, Xe and CO, in the two membranes
were measured. Using the volume fraction of 5. 0% CO,/25.0% O,/5.0% N,/65. 0% Xe (surrogated by
N,) as the feed gas, the effects of vent ratio (ratio of retentate gas and permeate gas flow), inlet pressure
and other parameters on the CO, removal performance were systematically studied through the self-made
PEI and PSf hollow fiber membrane modules at room temperature. Based on the experimental data, a two-
stage membrane separation simulation system was designed. The experimental results showed that the
CO, /N, and CO,/Xe separation coefficients of PEI membrane were higher than that of PSf membrane with
lower gas permeation rates. Increasing the vent ratio would increase the gas treatment capacity of
membrane, but lead to the increase of CO, concentration in the retentate gas. The increase of feed gas
pressure obviously promoted the CO, removal process driven by pressure difference, and produced more
gas that met the reuse standard. The pressure of the actual mixed gas CO, removal process was relatively
low, and the performance of the membrane module was more obviously affected by its gas permeation rate
on the premise that the two membrane separation coefficients were both high. The xenon recovery rate of
the two-stage membrane separation simulation system established based on the experimental data was
98.90%, and the CO, concentration in the regenerated xenon anesthesia mixture was not higher than
0.50% , which meets the requirements of recycling and greatly reduces the cost of anesthesia xenon.

Key words: xenon anesthesia gas; hollow fiber membrane; xenon recovery; CO, removal of mixed gas



