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Mass exchange network design using simultaneous optimization
of composition differences

DU Jian, GAO Zhihui, CHEN Li, YAO Pingjing
(School of Chemical Engineering ., Dalian University of Technology, Dalian 116012, Liaoning, China)

Abstract: As one of the branches of process integration, the synthesis of mass exchange network (MEN)
has attracted more and more attention in the area of process systems engineering. When synthesizing a
MEN, the composition differences (e) reflect the impetus of mass transfer between rich and lean streams
and affect the operating cost and capital cost significantly, so they should be optimized in order to obtain a
real optimal MEN. However, so far they are usually given arbitrary values in most literatures, which
cannot guarantee an optimum MEN obviously. This paper presents a simultaneous method to solve the
problem of ¢ in a single-contaminant or multi-contaminants system, which builds the superstructure model
of the MEN first, takes total annualized cost (TAC) as an objective and considers ¢ as a set of variables to
balance operating cost and capital cost. Then the mathematical model is solved by means of an improved
genetic algorithm. Finally, the minimum TAC and corresponding e values, as well as an optimal MEN are

also obtained simultaneously.
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Fig. 1  Structure of stage-wise superstructure
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Table 1 Comparison of MINLP model with NLP model in this paper
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Table 2 Streams data of single-contaminant example

Rich stream Gi/kg s ! e youtlim Lean stream Lim/kg e st D Xout-lim
R, 2.0 0. 005 0.0010 S 1.8 0.0017 0.0071
R, 4.0 0. 005 0.0025 Sy 1 0.0025 0. 0085
R; 3.5 0.011 0.0025 S; o 0 0.017
Ry 1.5 0.010 0. 0050
Rs 0.5 0. 008 0. 0025
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Optimal MEN of single-contaminant example
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Table 3 Detailed results of single-contaminant example
‘hﬁ/é?il sl s B i e
1 2. 50 0.0163 0.017 1.5 0.01 0.0088 0.0018
2 2.50 0.0079 0.0163 3.5 0.011 0.005 0.021
3 1. 80 0.0039 0.0071 1.5 0.00880.005 0.0057
4 1. 80 0.0017 0.0039 4.0 0. 005 0.004 0. 004
5 1. 00 0.0025 0.0085 4.0 0.004 0.0025 0.006
6 1.01 0 0.0079 2.0 0. 005 0.001 0. 008
7 1. 14 0 0.0079 3.5 0.005 0.0025 0.009
8 0. 35 0 0.0079 0.5 0.008 0. 0025 0.0028
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Table 4 Comparison of composition differences

Strategy €1 €2 €3
MINLP modelt'" 4X107% 4X10t  4xX10°4
this paper 2X107% 1X10°¢ 1X10°6
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Table 5 Result comparison of single-contaminant example
Ttem Objective function External MSA /kg « 7! TCC/ $ TAC/$ «a!
minimal utility 6] TCC 2.48 298000 140000
MINLP modelt'7 TAC 2. 904 210520 134000
this paper TAC 2.50 210520 121000
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Table 6 Streams data of multi-contaminants example
Rich G; i o Lean Li‘m . | "
yin, Y, Youlim youlim xin, Xin, Xoulim Xouylim
stream /kg e s ! stream  /kg e 57!
R, 0.9 0. 07 0. 06 0.0003 0. 005 Si 2.3 0. 0006 0 0. 031 0.171
R, 0.1 0.051 0.115 0.0001 0.01 S, oo 0. 0002 0 0.0035 0.103
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Table 7 Detailed result of multi-contaminants example
H:S CO; ; Pl
isjs ate
Unit v N j k‘,l 1bL
SV ko STk ‘y?u; k1 «"»7"?.”;&.1 SV ke ST k2 \yfmj‘ k.2 *f:m,lﬁz /kg s number
1 0. 0700 0. 0006 0.0013 0. 0337 0. 0600 0. 0000 0. 0083 0. 0249 1. 868 11
2 0.0510 0. 0006 0.0034 0.0151 0.1150 0. 0000 0.0212 0. 0289 0.321 3
3 0. 0013 0. 0002 0.0003 0. 0035 0. 0083 0. 0000 0. 0047 0.0119 0.269 3
4 0. 0034 0. 0002 0. 0001 0.0035 0.0212 0. 0000 0.0063 0.0152 0.098 3
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Table 8 Result comparison of multi-contaminant example
Strat Objective Ly L, TCC TAC
rategy function /kg- 571 /kg' 571 €i,1,1 €i,1,2 €i,2,1 €i,2,2 /$ ca 1 /$ va 1
Ref. [7] TAC 2.195 0.331 3.0X107%  2.4X107% 1.8X10°* 2.4X10°° 113800 429700
this paper TAC 2.189 0. 367 6.5X107° 9.8X107* 1.9X107° 1.2xX107* 91000 412500
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