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Abstract: To address the limitations of conventional screening methods based solely on relative volatility, which are
insufficient to reveal the molecular origin of entrainer selectivity and potential azeotrope—formation risks, this study
adopts a multiscale entrainer screening strategy that integrates macroscopic relative volatility analysis with
microscopic o —profile surface charge density distributions and intermolecular interaction energy calculations. This
approach not only evaluates the ability of an entrainer to regulate vapor-liquid equilibrium behavior, but also
elucidates the origin of entrainer selectivity in terms of hydrogen—bond donor/acceptor characteristics and

intermolecular interaction strength, thereby improving the reliability and mechanistic interpretability of entrainer
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screening. N—methylformamide (NMF) was identified as a highly effective entrainer for the separation of the
Hexamethyldisiloxane (HMDSO)/1, 2—dichloroethane (DCE) azeotropic mixture due to its strong interaction with
both components and superior separation performance. To further enhance energy efficiency, a heat—integrated
extractive distillation process was proposed and systematically optimized. The key process parameters including the
number of trays, feed stage locations, reflux ratio, and entrainer flow rate were optimized by balancing economic and
environmental objectives. Compared with the conventional extractive distillation process without heat integration,
the heat—integrated process reduced the total annual cost (TAC) by 1.24% and the operating cost by 1.67%. The
optimized heat—integrated flowsheet resulted in a TAC of $1.78 million/year and an operating cost of $1.32 million/

year, demonstrating its potential for efficient and sustainable azeotropic separation.

Keywords: extractive distillation; heat integration technology; azeotropes; separation mechanism; economic

analysis; multi—scale solvent screening
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Fig. 2 Multi-scale solvent screening model developed in this work
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Fig. 3 Feasibility results of pressure—swing distillation
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