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Flowsheet modeling and simulation for an industrial soda plant

LI Jianlie, RONG Gang
(National Laboratory of Industrial Control Technology , Zhejiang University , Hangzhou 310027, Zhejiang, China)

Abstract: The industrial ammonia soda process models based on mass balance and energy balance were
developed, and the objective functions for data reconciliation and mixed integer nonlinear programming

(MINLP) were established. By training the parameters with process data obtained from a plant producing

600000 t  a ' of 99.5%

soda, the models

could be wused to simulate different operating

situations. Simulation data would be the data source of process optimization and data reconciliation.
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Fig. 1 Standard flowsheet of Slovay’ s process (abbreviations are international standards)
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Table 1 Main installations and balance types

Section Main installation Balance type
limestone kilning FCH masst energy
saltwater production CST, RT, SET mass

saltwater aminate ABM masst energy
saltwater carbonatation TCL, CL mass-t energy
heavy-soda calcination SHT, hydrator, LGS  mass+energy

ammonia distillation PLM, DS, RH mass+ energy

others CG, BL mass
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Table 2 Parameter sample for specific work condition

Parameter

Value

Quk
Cpock
Cp.ls
Cpar
Cp.cao
Cp.kar
Ct Is
Qs

rate of lime production

rate of furnace gas production

energy consumption rate of decomposition

energy consumption rate of limestone

energy consumption rate of furnace gas

energy consumption rate of equipment

27346. 2 kJ » kg !

0.782 kJ »
0.861 kJ »
1. 004 kJ «
0.993 kJ +
1. 003 kJ «

kg !+ K!
kg !« K!
kg !« K!
kg !« K!
kg !+ K!

94. 5%
1950. 5 kJ » kg™
35.815%
64.185%

80. 842%
2.345%
6.372%
10.441%

£3 NEMNRKBE

Table 3 Measuring accuracies
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Measuring point Parameter Precision/ %
F, Mis 0.5
F, M 0.5
F3 M 0.2
F, Mg, 0.5
Fs Mg, 0.2
TF, TS 1
TF; TS 1

TF; T 1
TF, TS, 0.5
TFs Ty, 0.5
X, ek 0.2
X s 0.3
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Table 4 Comparison of simulation data and plant data
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Table 5 Statistical data
Index Plant Contradistinction  Simulation
sample mean 695714 693287
sample variance 8224971 8905006
average error 3845. 40
maximal absolute error 7474. 86
maximal relative error 1.8%
minimal absolute error 913.59
minimal relative error 0.13%

Measuring point Simulation Plant
Fi/kg+ (8 )~} 1089956 1091966
Fy/kg+ (8 h) ! 85836 84301
Fy/kg+ (8 h)~! 763285 762259
Fi/kg+ (8 h)~! 695714 693287
Fs/kg+ (8 h) ! 1245355 1243862
TF,/C 14. 5875 15. 7740
TF,/C 14. 5875 15. 7740
TF;/C 14. 5875 15. 7740
F,/C 76. 2860 77.1661
TFs;/C 114. 1893 115. 666
X1/ % 94.5191 93.4715
X/ % 90. 2143 91. 2318
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