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Computer aided design for entrainer in heteroazeotropic distillation

by combining group contribution method with graph principle

YANG Zhensheng, ZHAO Xianxing, LI Chunli, FANG Jing
(School of Chemical Engineering and Technology, Hebei University of Technology, Tianjin 300130, China)

Abstract: Heterogeneous azeotropic distillation is an effective technology to separate close boiling point or
homogeneous azeotropic mixture. The first step is to select appropriate entrainers. A computer aided
molecular design (CAMD) methodology for the entrainer in heterogeneous azeotropic distillation is
presented in this study. The CAMD methodology is comprised of three step-by-step stages, which are
molecular synthesis, molecular screening and molecular recognition. In the stages of molecular synthesis,
groups are pre-selected, the total number and types of the groups for the synthesized molecule are limited,
and the automatic combination of groups is completed by using a graph algorithm.In the stages of
molecular screening, the basic molecular library is formed by using several limited rules of basic physical
properties, such as molecular weight and boiling point. The molecules in the basic molecular library are
screened when they form the heterogeneous azeotropic with input components to be separated. As a result,
a series of entrainer candidates are listed. In the stages of molecular recognition, the fuzzy comprehensive
assessment function, which is composed of several important factors, such as temperature and
composition of heterogeneous azeotropic point, and heat of vaporization of entrainer, is used to rank

entrainer candidates. Consequently, a group of appropriate entrainers are obtained. For acetic acid-water
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system and acetonitrile-ethyl acetate system, several better entrainers are obtained. It indicates that the

CAMD methodology and the computer procedure is practical and reliable, and the resulting entrainers is

the basis for research or conceptual design of heterogeneous azeotropic distillation processes.

Key words: heterogeneous azeotropic distillation; entrainer; computer aided molecular design; graph

principle; group contribution method
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Table 1 Pre-selected groups for molecular synthesis

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
CH; OH CH3;CO CH;COO HCOO CH;0O COOH CH;NH, CH;NH CH;CN CH;NO,
CH; CH,CO CH,COO CH, O COO CHNH; CH;NH CH3;N CHNO; Cy-CH; Cy-CH;OCH; ACH ACH;
CH CHO CNH; CHNH CH:N Cy-CH AC ACH,

C Cy-C ACH
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Fig. 2 Membership function of azeotropic composition
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Table 3 Output of molecular design for possible heterogeneous entrainers

Molecular structure Name yie AT zl zl r M, —IlglLCsy P B Sequencing
2CH;,1CH,,1CH,1CH;CO 4-methyl-2-pentanone 0.621 25.40 0.9140 0.0035 35.72 100 2. 45 8200 0. 7566 1
5ACH,1ACCH; toluene 0.557 20.85 0.9948 0.0003 33.49 92 3.47 5500  0.7356 2
1CH;,2CH,,1CH;COO propyl acetate 0.517 18.81 0.8590 0.0026 34.33 102 3.07 1500  0.6668 3
1CH;,3CH;,1CH;COO butyl acetate 0.713 25.62 0.8741 0.0009 35.93 116 3.52 5300  0.6358 4
2CH;,1CH;,1CH,1CH;COO isobutyl acetate 0.642 24.75 0.8761 0.0009 35.87 116 3.40 6000 0.6321 5
6Cy-CH, cyclohexane 0.298 10.75 0.9986 0.0002 29.98 84 2.68 7900  0.6242 6

x4 EHOSTEZEEBESANLEDERAES
Table 4 Output of molecular design for possible heterogeneous entrainers

Molecular structure Name yie AT ) zl r M, —lglLCsy P B Sequencing
6Cy-CH, cyclohexane 0.478 12.45 0.9583 0.0913 29.98 84 2.68 7900 0. 6888 1
2CH;,4CH; n-hexane 0.423 11.63 0.9577 0.0576 28.91 86 3.02 10000 0. 6358 2
3CH;,2CH,,1CH 3-methylpentane 0.365 10.8 0.9597 0.0568 28.11 86 2.90 8700  0.6099 3
1CH;,4Cy-CH;,,1Cy-CH methyl cyclopentane 0.418 9.35 0.9609 0.0895 28.95 84 2.56 16000 0. 5832 1
2CH;,5CH; n-heptane 0.622 9.95 0.9458 0.0419 31.84 100 3.47 14700 0. 5824 5
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