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Simulation and Optimization of Extractive Distillation Dividing Wall
Column for Separating n-Butanol-Benzene-Water System

LI Jinwen,ZHOU Chuhang ,ZHAI Jian, LIAN Meihua,LI Ting,ZHENG Xueke ,ZHAO Yiwei

( Shenyang Ligong University , Shenyang 110159 , China)

Abstract; In wastewater containing n-butanol and benzene, multiple azeotropic systems exist. To
recycle n-butanol and benzene from the wastewater, an extractive distillation dividing wall column
was adopted to separate the n-butanol-benzene-water ternary system. The extractive distillation
process was simulated and optimized using Aspen Plus software, with non-random two liquid
(NRTL) equation as the thermodynamic model. By analyzing the effect of extractant on the vapor-
liquid equilibrium relationships and surface charge density for this azeotropic system,ethylene glycol is
optimally selected as the extractant for the separation system. The separation of the n-butanol-benzene-
water system with purities of water,n-butanol ,and benzene all reach 99. 9% . Then,with the total annual
cost( TAC) as the optimization goal, the sequential iterative method was employed to optimize the
process flow, and the optimal process parameters were determined. The optimized minimum TAC is
3.402 x 10° dollars. The research results can provide theoretical guidance for the practical application
of dividing wall column distillation technology in the separation of ternary azeotropic systems.

Key words extractive distillation ;dividing wall column ; n-butanol-benzene-water ternary azeotrop-
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Fig.1 Comparison on vapor-liquid equilibrium relationship of data predicted by NRTL model and experimental data
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Table 1 RMSD results between NRTL model

predictions and experimental data

oo AR YRMSD Trusp/K
# -k 0.015 0. 058
ETEE - K 0. 006 0.341
IETRE - 0. 005 0. 457

ARSI NRTL #6580 g4 T A A 5 s 4% 21
SR —oes AR 2 FiR .,

*2 NRTLEEWZTXEERSH

Table 2 Binary interaction parameters of NRTL model

Wi Woyj Ay Aji By B;;
IE T #* -0.978 0. 050 323. 860 519. 583
IE T 7K —2.040 13.110 763. 869 -3 338.950
S 7K 45.190 140. 087 591. 367 -5954.310
IETEE AL 0 0 412.074 —489. 235
E.S ZHIETAR 0 0 357.739 98. 988
K IR —1.244 1.752 586. 801 -1 130.220
IE TR 2B 1.217 5.399 6.268 —1 947. 460
S . -1.160 -0.091 1 040. 167 490. 971
K Z 0. 347 -0.056 34,823 -147.137
ES - F 8 bk 6 A5 ] 3.571 -3.298 -1 290. 520 1 308. 739
K N- HH et 6 g 7. 408 -2.243 -2 279. 960 533. 847
i AT LT 0 0 125. 280 -407. 991
L IN- FFY 56 A 1% 5 0 0 -387.121 261.479
7K ZHILTER 0.528 0. 891 -300. 008 ~236. 058
N,N-Z 5 L B 7K 1.872 -0.956 -423. 500 185. 200
N, N-H 5 2 Bk EN 1.205 -0.487 —286. 300 102. 700
N,N-ZH 5 2 ek IETEE 0.982 -0.613 -215. 800 156. 400
N,N-ZH & 2 BERk ZHETIR 0.325 0. 089 - 85. 600 22.300
N, N-Z U 2 Bk - 0.756 -0.321 - 198. 400 95.700
N, N-Z 5L 2 Pk i N- PP 1 A ) 0.215 0.076 -52.300 18. 900
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Fig.2 Phase diagrams of y-x for binary systems under different entrainers
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