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Abstract

This article organically integrates chemical process simulation, multi-objective intelligent optimi-
zation algorithms, and fundamentals of chemical safety design, focusing on the practical engineer-
ing problem of azeotropic separation of acetone and methanol. The separation feasibility of pres-
sure-swing distillation is analysed through the variation trend of binary thermodynamic phase di-
agrams at different pressures. Furthermore, the initial simulation parameters (such as flow rate
and composition of recycled streams) of the pressure-swing distillation process is determined through
heuristic calculations. We build up a double-column pressure-swing distillation process model for
separating acetone-methanol based on Aspen Plus, and the heuristic results are verified. Further-
more, intelligent teaching aids such as DeepSeek are utilized to assist students in learning the real-
time data linking methods on Aspen Plus and Matlab platforms. Then, the multi-objective genetic
algorithm is used to optimize the pressure swing distillation process with economic, environmental,
and safety performance as objective functions. Above all, this course integrates the cutting-edge
course content such as advanced process simulation software Aspen Plus and intelligent optimiza-
tion algorithms with existing knowledge of chemical thermodynamics, chemical principles, and
safety systems engineering. It organically combines professional theoretical knowledge, cutting-
edge disciplinary knowledge, and engineering practice applications together, which will strengthen
the basic training of college students’ professional skills, stimulates their interest in solving engi-
neering problems, and comprehensively enhances their innovative thinking ability.
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Figure 1. Binary T-xy diagram of acetone-methanol azeotropic mixture at 100 kPa and 1000 kPa
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Figure 2. Conceptual design flowsheet of acetone-methanol azeotropic mixture using pressure-swing distillation
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Figure 3. Initial pressure-swing distillation process for separating acetone-methanol azeotropic mixture
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Table 1. Ranking results of Pareto front solutions based on TOPSIS
F= 1. £F TOPSIS WA RIEFIAMEHEF

T TAC/10° RMB CO/t/h PRI/%/% H7
1 345.5775 5.7865 21.4528 6
2 349.7185 5.7643 21.4731 1
3 345.3549 5.7917 21.4988 3
4 350.4374 5.7639 21.4757 2
5 349.7387 5.7641 21.4761 5
6 345.7466 5.7646 21.4738 7
7 350.1643 5.7640 21.4761 4
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Figure 5. Optimal pressure-swing distillation process
5. RIMTERBIBERR

REHRALE R I 50 AT WU R R IR EO D 50, TRALJE /T C1 AT C2 BE RIS R EL 3 501
38 A1 60, WBTH I AR FHATAGE R 5 73 I FEARE] T 1.62 F12.98, FL7 dh 28 fReF— 2.
Table 2. Comparison of economic, environmental, and safety performance before and after optimization of pressure swing

distillation process

2. TERBIZMURIENENF. FEMRE ML

TZ TAC/10° RMB COu/t/h PRI/%/%
VLY 638.2344 11.0956 21.8409
fiibfE L2 349.7185 5.7643 21.4731
FEAK i 45.2053% 48.0488% 1.6840%
DOI: 10.12677/ces.2025.1312939 110 ClE e E= R


https://doi.org/10.12677/ces.2025.1312939

it <5

22 T A TEREIE L2 ET S I TAC. CO, A1 PRI XFEL. MEHRTLIEH, Eidfith, TAC #1
CO, /IR T 45.2053%7A01 48.0488%, L ZfalatE PRI KT 1.6840%. #HLL FAEGRIML T4t
A BT EAMUAE S BRI TR I T B e s, [FR WA B3g s 7 T2 R 2 ek,

4. &

T2 R, 454 7 0B i B & 31T . Aspen Plus ARV RE 2 B R4k = J7 T N 25 .
WAk TRy LA N R R oA B BT Ak 22 AR R AT WS A0 AT, P oy B R A P AT M, RIS 2
B LA N A N R A R S B AR R TR I R S R = SR A SR BT 46 1R 38 5Kt B AIE PR DR iR B
A N TR B Aspen Plus #5378 RS (R FE SR B BB 0 0 i 2k o0 25 I NRTVR %R
HURINZ BAREAA RS, ST T SRR ATE - B - a2 SR, B IR R, BT
] 7R R TR AR RE 7T, PR E T AR E T RE DRI RS BE Fy, B S I R R A B
#eE T HA MATLAB FIRN R T 2B a0 BYERE )7, SEBRHECFRCRER M, 12551\ Aspen Plus il
MATLAB 4k T %2 4 Bt SRAR v] DLSUR 5% AR I 52 20 Mo 5 2 58 77, M TR I 8 HE i 7 F BT 25 B i
W, RTFAE R AR T AR 5 R g

UEAh, T R I URAR BT R 75 A OC s RS B A B B 45 16 A2 PR N B 1 B 25 EX AL 4% (1)
PERER — R, BEWIIEIT Aspen Plus Al MATLAB S8t . N T B b2 AR B NG 1 58 4 I
REf B TR, 16 PPT YR 75 ZBUMXAH O E K U N A AT 32 1)

EHEWHE

HIRBHOR A ARE 207 SCERT R0 H RO OT B (b T2t W kst 55
#(202459), H T o 55 B8 B0 SUE R LI B BT R AR 2 e TR WAL R R RS
ST FT(232132), HRTTT @& HE BOHSCERT A0 E A H N LR AR e 2 R 00 A A R R
W —— DL RSB0 B 9 1611(252162)

&5k

AEAR, TAHZE, XK, % (WL wil) WREEEEREI]. (L3EHEm, 2019, 45(12): 178-179.

(1]

2] B HLRESR T (LTawit) RRECARR]. m#CAT, 2019(9): 81-83.

(31 JAfEL, 23 PN I T2 AR MIBSL BT, (e TRsE 0, 2021, 38(6): 21-25.

4] BREE, fk0iE, 20 H LAY R MU IR 2 S AR I RERD]. L LESHAE, 2020(1): 32-39.

[5] Li, W, Sun, D., Zhang, T., Dai, S., Pan, F. and Zhang, Z. (2014) Separation of Acetone and Methanol Azeotropic System

Using lonic Liquid as Entrainer. Fluid Phase Equilibria, 383, 182-187. https://doi.org/10.1016/j.fluid.2014.10.011

[6] Luyben, W.L. (2008) Comparison of Extractive Distillation and Pressure-Swing Distillation for Acetone-Methanol Sep-
aration. Industrial & Engineering Chemistry Research, 47, 2696-2707. https://doi.org/10.1021/ie701695u

[7] Liu, X, Xu, Q.,Ma, C., Zhang, F., Cui, P., Wang, Y., et al. (2024) Design and Multi-Objective Optimization of Reactive
Pressure-Swing Distillation Process for Separating Tetrahydrofuran-Methanol-Water. Separation and Purification Tech-
nology, 329, Article 125160. https://doi.org/10.1016/j.seppur.2023.125160

[8] Luyben, W.L. (2013) Distillation Design and Control Using Aspen Simulation. John Wiley & Sons.
https://doi.org/10.1002/9781118510193

[9] Sun, S., Huang, H., Shi, Z., Du, M., Kong, Z.Y., Wang, M., et al. (2025) Towards Sustainable Recovery of Tetrahydro-
furan, Ethyl Acetate, and Methanol from Waste Effluent via Thermal Coupled Extractive Distillation and Multi-Objec-
tive Optimization. Process Safety and Environmental Protection, 194, 619-629.
https://doi.org/10.1016/j.psep.2024.12.043

[10] Yang, A., Sun, S., Kong, Z.Y., Zhu, S., Sunarso, J. and Shen, W. (2024) Energy-Efficient Heterogeneous Triple-Column
Azeotropic Distillation Process for Recovery of Ethyl Acetate and Methanol from Wastewater. Computers & Chemical
Engineering, 183, Article 108618. https://doi.org/10.1016/j.compchemeng.2024.108618

DOI: 10.12677/ces.2025.1312939 111 ClE e E= R


https://doi.org/10.12677/ces.2025.1312939
https://doi.org/10.1016/j.fluid.2014.10.011
https://doi.org/10.1021/ie701695u
https://doi.org/10.1016/j.seppur.2023.125160
https://doi.org/10.1002/9781118510193
https://doi.org/10.1016/j.psep.2024.12.043
https://doi.org/10.1016/j.compchemeng.2024.108618

Wl 5

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Babaie, O. and Nasr Esfahany, M. (2021) Optimum Process Configuration for ETBE Production Based on TAC Mini-
mization. Separation and Purification Technology, 256, Article 117744. https://doi.org/10.1016/j.seppur.2020.117744

Gao, X., Yang, Y., Chen, M., Cheng, Q. and Lu, K. (2022) Novel Heat Pump Reactive Distillation and Dividing-Wall
Column Reactive Distillation Processes for Synthesizing Isopropyl Acetate to Save TAC and Reduce CO2 Emissions.
Chemical Engineering and Processing-Process Intensification, 171, Article 108746.
https://doi.org/10.1016/j.cep.2021.108746

B, AR, MK, % CRE-KEROE S LR T2 2 B UEp). AisikcqibinT), 2022, 38(5):
1135-1147.

Alcocer-Garcia, H., Segovia-Hernandez, J.G., Prado-Rubio, O.A., Sdnchez-Ramirez, E. and Quiroz-Ramirez, J.J. (2019)
Multi-Objective Optimization of Intensified Processes for the Purification of Levulinic Acid Involving Economic and

Environmental Objectives. Chemical Engineering and Processing-Process Intensification, 136, 123-137.
https://doi.org/10.1016/j.cep.2019.01.008

Waheed, M.A., Oni, A.O., Adejuyigbe, S.B., Adewumi, B.A. and Fadare, D.A. (2014) Performance Enhancement of
Vapor Recompression Heat Pump. Applied Energy, 114, 69-79. https://doi.org/10.1016/j.apenergy.2013.09.024

Smith, R. and Delaby, O. (1991) Targeting Flue Gas Emissions. Chemical Engineering Research and Design, 69, 492-
505.

Zhu, J., Hao, L. and Wei, H. (2021) Sustainable Concept Design Including Economic, Environment and Inherent Safety
Criteria: Process Intensification-Reactive Pressure Swing Distillation. Journal of Cleaner Production, 314, Article
127852. https://doi.org/10.1016/j.jclepro.2021.127852

Shariff, A.M., Leong, C.T. and Zaini, D. (2012) Using Process Stream Index (PSI) to Assess Inherent Safety Level during
Preliminary Design Stage. Safety Science, 50, 1098-1103. https://doi.org/10.1016/j.ss¢i.2011.11.015

Wik, £CH, KLH, 4. HET Aspen Plus ({6 T fE 2 2 BRI SRR ] KB H AR 5EH,
2023, 40(9): 150-156.

DOI: 10.12677/ces.2025.1312939 112 ClE e E= R


https://doi.org/10.12677/ces.2025.1312939
https://doi.org/10.1016/j.seppur.2020.117744
https://doi.org/10.1016/j.cep.2021.108746
https://doi.org/10.1016/j.cep.2019.01.008
https://doi.org/10.1016/j.apenergy.2013.09.024
https://doi.org/10.1016/j.jclepro.2021.127852
https://doi.org/10.1016/j.ssci.2011.11.015

	人工智能与化工安全设计课程的融合路径探索
	摘  要
	关键词
	Exploration of the Integration Path of Artificial Intelligence-Enabled Chemical Safety Design Course
	Abstract
	Keywords
	1. 引言
	2. 课程设计与实施
	2.1. 分离过程设计
	2.1.1. 热力学分析
	2.1.2. 分离过程启发式设计

	2.2. 变压精馏过程模拟
	2.3. 多目标智能优化 
	2.3.1. 经济指标TAC
	2.3.2. 环境指标CO2排放
	2.3.3. 安全指标PRI
	2.3.4. 多目标优化设计


	4. 结论
	基金项目
	参考文献

