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Surrogate model-based optimization of combined separation for urea synthesis
feed gas

CAO Yujie, ZHANG Qiao, FENG Xiao, YANG Yang
(School of Chemical Engineering & Technology, Xi’ an Jiaotong University, Xi’ an 710049, Shaanxi, China)

Abstract: To address the problems such as low resource utilization efficiency in industrial gas applications, this
paper proposes a surrogate model-based integrated separation and optimization method for multicomponent
industrial gases. Surrogate models are developed for pressure swing adsorption (PSA) hydrogen purification,
monoethanolamine(MEA) —based CO, capture, and membrane separation processes to rapidly predict separation
performance and determine optimal operating conditions. The results show that all surrogate models achieve a
prediction accuracy of R? > 0.96, demonstrating high reliability. The gas integrated separation scheme obtained via
model optimization can meet the production demand of 2.057x10 ¢ t of urea per year. Compared with the
conventional process, the proposed method significantly improves resource recovery efficiency with lower equipment
investment: the hydrogen recovery rate is increased from 70% - 90% to approximately 99.90%, the CO, recovery
rate reaches 92.70%, and the CH,4 recovery rate is raised to 92.43%, with an annual carbon emission reduction
potential of approximately 28,047 t CO2. Meanwhile, the surrogate model enables rapid optimization under process

constraints, providing an efficient tool for the optimization of industrial gas separation processes. This study offers a
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novel approach for the efficient and low—carbon utilization of multicomponent industrial gases.
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Fig.1 Optimization Flowchart of Gas Separation Surrogate Model
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Fig.2 Simulation Schematic Diagrams of Various Gas Separation Processes
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Fig.4 Comparison of total equipment investment between the two processes
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