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Simulation and optimization of pressure swing adsorption process for
He/N, using Aspen Adsorption
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Abstract: To address the technical challenges of helium purification from liquefied natural gas boil-off gas (BOG) ,
a novel pressure swing adsorption ( PSA) helium refining process was developed based on Aspen Adsorption software,
incorporating a multi-scale coupled model that includes mass, energy ,and momentum conservation equations.A systematic
comparison and screening of adsorbents were conducted, followed by an investigation of the impact of operational
parameters on separation performance.In terms of process design, an innovative dual-tower PSA process was proposed,
incorporating pressure equalization and vacuum desorption steps. The results demonstrate that the CMS-5000-A carbon
molecular sieve exhibits excellent separation performance, with its pore size range and operating conditions well-suited for
N,/He separation, achieving a remarkable selectivity ratio of 87.5:1 for N,/He. When the adsorption pressure is
maintained between 0. 3-0. 4 MPa, helium recovery rate increases by over 15%.With an adsorption bed height of 1. 0—
1. 1 m,the product purity >99.99% while maintaining low energy consumption.The dual-tower PSA process improves
helium recovery from 84. 7% in a single-tower system to 89. 8%.Combined with Bayesian algorithm optimization, the new
process reduces energy consumption by 52% - 68% compared to traditional cryogenic methods. This process offers
advantages such as short startup time and large operational flexibility, providing a reliable technical solution for
industrial-scale helium purification.

Key words: helium purification; pressure swing adsorption ( PSA); carbon molecular sieve (CMS); Aspen
Adsorption; bayesian algorithm
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