
Accepted Manuscript

Control of extractive distillation process for separating heterogenerous ternary
azeotropic mixture via adjusting the solvent content

Yong Wang, Xia Zhang, Xiaobin Liu, Wenting Bai, Zhaoyou Zhu, Yinglong
Wang, Jun Gao

PII: S1383-5866(17)32331-6
DOI: http://dx.doi.org/10.1016/j.seppur.2017.09.008
Reference: SEPPUR 14017

To appear in: Separation and Purification Technology

Received Date: 19 July 2017
Revised Date: 2 September 2017
Accepted Date: 3 September 2017

Please cite this article as: Y. Wang, X. Zhang, X. Liu, W. Bai, Z. Zhu, Y. Wang, J. Gao, Control of extractive
distillation process for separating heterogenerous ternary azeotropic mixture via adjusting the solvent content,
Separation and Purification Technology (2017), doi: http://dx.doi.org/10.1016/j.seppur.2017.09.008

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.seppur.2017.09.008
http://dx.doi.org/http://dx.doi.org/10.1016/j.seppur.2017.09.008


  

1 

 

Control of extractive distillation process for separating heterogenerous ternary 

azeotropic mixture via adjusting the solvent content 

Yong Wang
a
, Xia Zhang

a
, Xiaobin Liu

a
, Wenting Bai

a
, Zhaoyou Zhu

a
, Yinglong Wang

a
*, Jun 

Gao
b
 

a
College of Chemical Engineering, Qingdao University of Science and Technology, Qingdao 

266042, China 

b
College of Chemical and Environmental Engineering, Shandong University of Science and 

Technology, Qingdao, 266590, China 

Corresponding Author 

*E-mail: yinglongw@126.com. 

Abstract 

  The existence of heterogeneous azeotrope of toluene-water and homogenous azeotrope of 

toluene-methanol makes it difficult to separate the toluene-methanol-water mixture. Two methods 

of three column extractive distillation and two column extractive distillation using decanter were 

explored to separate the ternary azeotrope. Diethylene glycol and N-methyl-2-pyrrolidone were 

used as heavy solvent in the two processes, respectively. The UNIQUAC physical model was used 

in both simulations. Based on the minimum total annual cost, variables of the two processes were 

optimized and the results indicated the two column extractive distillation using decanter can save 

51.4 % of total annual cost than three column extractive distillation. The dynamics of two column 

extractive distillation using decanter was studied due to its superiority of economics. Several 

common control schemes were used to investigate the controllability of two column extractive 

distillation using decanter and all schemes showed poor controllability on feed composition 

disturbances. An improved control structure was designed to achieve better control of the process. 

In the improved control scheme, the temperature controller of column C1 was replaced by a 

proportional controller, and a certain amount of solvent flow rate was increased. The integral 

squared error was calculated to compare the dynamic performances of the improved control 

structure with different solvent flow rate, and a suitable amount of solvent was found in view of 

the controllability and economy. 
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1. Introduction 

  Toluene and methanol are both widely used as solvents and raw materials in chemical industry. 
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