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Aggregated model high purity distillation column based on group methods
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(*College of Chemical Engineering and Materials Science . Zhejiang University of Technology , Hangzhou 310014, Zhejiang,
China® Department of Control Science and Engineering , Zhejiang University, Hangzhou 310027, Zhejiang, China)

Abstract: Because of the large scale feature of the rigorous model, process optimization on multi-stage
columns could be difficult to converge. In this paper, a reduced-order model based on the group method is
proposed for high purity distillation columns which correlates the component recoveries with absorption
factors and number of theoretical stages. Considering the strongly nonlinear characteristics of absorption
factor along the column of high purity distillation column, a piecewise linear fitting method is proposed to
obtain the component recoveries. Simulations are conducted under different loads to compare the
performance of the reduced-order model and the rigorous model. The results show that the model scale is
dramatically decreased from 2377 variables in the rigorous model to 34 variables in the proposed reduced-
order model, the convergence time is also greatly reduced from 6136 s to that around 1 s, but the model

accuracy is not damaged with very small errors between these two models.
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Table 1 Column specification, feed and operational

conditions of argon sidearm column

Column specifications Feed condition

Parameter Value Parameter Value
column number 197 flow/kmol « h™! 1189.3
reflux ratio 16 pressure X 107°/Pa 1. 39
feed location 197 vapor fraction 1
top pressure X 10 °/Pa 1.244  Nz/mol 0. 0002
pressure dropX 10 °/Pa  0.146  Ar/mol 0. 0967

0, /mol 0.9031

O Vo,
2.9, Lix,,
1—197

P

VN+],I'yN+1.I LNvXN.i
EI IRy R Y 1

Fig. 1 Simulation structure of argon sidearm column
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Table 2 Simulation results of argon sidearm column using

rigorous model and aggregate GM models

Ttem Rigorous model GM GM _Linear

top stage

flow(Vy)/kmol « h™! 26.5 26.3 26.3

temperature(T;) /K 89.5 89.7 89.7

02 (y0,)/mol 3.63X1071%  0.0052  2.86X10 8

AR(yar) /mol 0. 9924 0. 9871 0. 9924

Nz (y, )/mol 0.0076 0.0077 0.0076
bottom stage

flow(Ly)/kmol « h™! 1162. 7 1162.9 1162. 9

temperature( Ty) /K 93. 4 93. 4 93. 4

02 (20, ) /mol 0. 9237 0.924 0.9241

AR(zar) /mol 0.0762 0. 0759 0.0758

N: (a, ) /mol 3.96X107% 4.85X107° 4.99X 1077
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Fig. 2 Absorption factors profiles of argon

sidearm column
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Table 3 Number of variables and convergence time

using three models

Item Rigorous model GM GM_Linear
one section variables 2377 34 34
time/s 6136 1. 14 1. 35
two sections variables 54 54
time/s 3.18 2.99
three sections variables 74 74
time/s 4. 88 5.26
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