
Accepted Manuscript

Energy-saving thermally coupled ternary extractive distillation process by 
combining with mixed entrainer for separating ternary mixture containing 
bioethanol

Yongteng Zhao, Kang Ma, Wenting Bai, Deqing Du, Zhaoyou Zhu, Yinglong Wang, Jun Gao

PII: S0360-5442(18)30189-0

DOI: 10.1016/j.energy.2018.01.161

Reference: EGY 12273

To appear in: Energy

Received Date: 16 November 2017

Revised Date: 22 January 2018

Accepted Date: 29 January 2018

Please cite this article as: Yongteng Zhao, Kang Ma, Wenting Bai, Deqing Du, Zhaoyou Zhu, 
Yinglong Wang, Jun Gao, Energy-saving thermally coupled ternary extractive distillation process by 
combining with mixed entrainer for separating ternary mixture containing bioethanol,  Energy
(2018), doi: 10.1016/j.energy.2018.01.161

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.



ACCEPTED MANUSCRIPT

1

Energy-saving thermally coupled ternary extractive distillation process by combining with 

mixed entrainer for separating ternary mixture containing bioethanol

Yongteng Zhaoa, Kang Maa, Wenting Baia, Deqing Dub, Zhaoyou Zhua, Yinglong Wang a,*, Jun 

Gaoc

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

266042, China

b ShanDong Xin Hua Pharmaceutical Company Limited, ZiBo, 255022, China

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

Technology, Qingdao, 266590, China

Corresponding Author

*E-mail: yinglongw@126.com

Abstract

The major intrinsic obstacle of extractive distillation is the high energy consumption. It is an 

actual problem for reducing energy consumption of extractive distillation processes. Two 

thermally coupled ternary extractive distillation processes were studied to separate the ternary 

azeotropic mixture tetrahydrofuran/ethanol/water using a single component solvent (dimethyl 

sulfoxide ) and a mixed solvent (dimethyl sulfoxide and ethylene glycol ) as entrainer. The 

optimal conditions of all ternary extractive distillation processes were obtained based on the 

minimal total annual cost. Thermodynamic efficiency and CO2 emissions index were also 

considered to evaluate the energy efficiency and environmental impact of alternative ternary 

extractive distillation processes. The results show that the use of mixed entrainer can result in 

reduction in both energy consumption and total annual cost for the same ternary extractive 

distillation configuration. Comparisons of the conventional ternary extractive distillation process 

and thermally coupled ternary extractive distillation process 1 (combining extractive distillation 

column with entrainer-recovery column) with mixed entrainer show that a thermally coupled 

extractive distillation sequence with a side rectifier present the best results. However, thermally 

coupled ternary extractive distillation process 2 (combining extractive distillation column with 

entrainer-recovery column) does not show good result due to existence of remixing effect.
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