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Abstract: China is a helium-poor country, and the efficient and low-cost helium extraction from natural gas is one of the main ways
to alleviate the shortage of helium resources. In this paper, three most commonly used technologies of helium extraction from natural
gas, i.e., cryogenic method, pressure swing adsorption method, and membrane separation method, are reviewed systematically, and their
characteristics are presented. There are many ways to extract helium from natural gas, and process design requires screening, integration
and demonstration of different helium extraction technologies for different feed gas compositions and parameters. It is in urgent need to
form the process with the lowest helium extraction cost while ensuring helium recovery efficiency and purity. The following results are
obtained. First, the cryogenic method separates helium from other gases based on the differences in boiling points. In view of the natural
gas components and economy, the cryogenic method is usually applied in preliminary purification and natural gas liquefaction. Second,
the pressure swing adsorption method takes advantage of the selective adsorption of gases by adsorbents for separation, and it is usually
used for final purification. Third, the membrane separation method makes use of the membrane for separation based on the differences in
the size of gas molecules. Due to its low energy consumption and relatively low purity, it is usually coupled with other technologies, and
the selection of specific technology is based on the actual conditions. In conclusion, a new active + passive helium extraction technology
proposed on the basis of natural gas liquefaction and co-production not only adopts the BOG helium extraction (i.e. passive helium
extraction) technology, but also avoids the discontinuous helium extraction caused by environmental impacts. The crude helium recovery
rate can reach up to 99% or more, with subsequent integration of other helium purification technologies to obtain high purity helium with
a purity of 99.99% or more. Moreover, by summarizing the application scope and stages of the three helium extraction processes, and by
proposing a new active-positive helium extraction coupled with natural gas liquefaction technology, new ideas can be provided for the
high-quality development of helium extraction industry in China.

Keywords: Helium extraction from natural gas; Cryogenic method; Pressure swing adsorption method; Membrane separation method;
BOG; Active + passive
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