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Abstract: In the petrochemical industry, separation is a crucial process stage that accounts for a large share of
energy consumption. The complexity and efficiency of separation technologies directly determine product quality,
energy use, and environmental performance. Many difficult—to—separate systems, such as aromatics and non-—
aromatics, olefins and alkanes, pose serious challenges to traditional separation technologies due to their similar
component properties and the tendency to form azeotropes and near—boiling substances. This paper first
systematically reviews and analyzes the types and characteristics of difficuli—to—separate petrochemical systems and
then discusses the applications and limitations of conventional separation technologies such as distillation,
extraction, and crystallization. It further examines the process innovations and bottlenecks associated with emerging
techniques, including ionic liquid—based extractive distillation, membrane separation, and adsorption. Finally,

future development directions are proposed to meet the requirements of low—carbon and green processes, aiming to
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achieve efficient, energy—saving, and environmentally friendly separation of difficult—to—separate petrochemical

systems and promote the low—carbon, green, and sustainable development of the petrochemical industry.

Keywords: mass transfer; separation; optimized design; process system
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Fig.4 Relationship between the separation methods of aromatic isomers and their separation efficiency
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Fig.5 Separation of the cyclohexane—iso—propanol-water system using a mixed extractant based on molecular mechanism
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