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Abstract: Methylchlorosilane crude monomer is the

mixture of several components with a close boiling point,
which demands high mass purity in subsequent polysiloxane /lg_’ %

polymerization process. Traditionally, seven to ten

distillation columns are used to separate these N
methylchlorosilane components with huge energy

consumption. In the field of this research, prevailing

industrial seven-column scheme was simulated by using
Aspen plus software. The effect of distillation column

bottom extraction ratio, reflux ratio, feed stage and top
pressure on product concentration and heat duty were Double effect distillation  Heat pump distillation
studied systematically for the optimization of operation conditions using the method of double factors sensitivity
analysis. According to sensitivity analysis, the appropriate operation conditions of Mel column were as follows, that
molar bottom extraction rate was 0.92, molar reflux ratio was 130, feed position was at 210th theoretical stage and top
pressure was 0.18 MPa, respectively. According to energy calculation of seven-column scheme, heavies removal
column, low removal column and Mel column took up 96.2% of total heat duty consumption. In order to reduce energy
consumption, new energy saving scheme was studied and simulated. Thermodynamic analysis showed that pressure
was a non-significant influencing factor for key components separation of heavies removal column and low removal
column. So, a more energy-efticient distillation process, double effect distillation, had been studied for two columns to
achieve heat integration between heavies removal column condenser and low removal column reboiler. The result of
rigorous simulation showed that the new double effect distillation scheme, comparing to original two-column scheme,
can reduce total annual cost (TAC) by 39.70%. The thermodynamic analysis of Mel column showed that relative
volatility of key binary components was near 1. So the heat pump distillation scheme had been developed to improve
heat efficiency of Mel column. The result of rigorous simulation showed that heat pump distillation scheme, comparing
to original Mel column scheme, can reduce TAC by 41.42%.
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Table 2 The crude monomer feed data (annual average value)

Component Normal boiling point/'C Mass fraction/%
LB <40.0 0.54
MH 41.8 4.33
SICL4 57.6 0.07
M3 57.9 4.62
M1 66.4 8.28
M2 70.2 79.41
HB >70.0 2.75

Note: The flow rate of feed stream is 28582 kg/h, the temperature is 25 C, the
pressure is 0.8 MPa.
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Fig.2 Double factors sensitivity analysis curves of Mel column
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Table 3  Simulation results of seven-column distillation scheme after optimization
Column Cl 2 C3 c4 cs c6 c7
Feed/total stage 40/80 110/200 60/120 50/100 50/100 25/50 210/400
Top pressure/MPa (abs) 0.15 0.19 0.22 0.15 0.15 0.12 0.18
Molar bottom extraction ratio 0.03 0.89 0.91 0.54 0.96 0.04 0.92
Molar reflux ratio 6.0 60.0 37.6 39 60.0 4.0 130.0
Reboiler duty/ MW 16.58 15.31 0.75 0.46 0.45 0.37 19.67
Condenser duty/ MW 16.36 14.78 0.69 0.41 0.47 0.38 19.39
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Fig.3 Vapor liquid equilibrium curves of M2—HB and M3-M1 under different pressures
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Fig.4 Heavies removal column and low removal column double
effect distillation scheme
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Table 4 Original two-column scheme distillation and double
effect scheme distillation annual cost calculation result

Scheme Original two-column scheme Double effect scheme
Condenser duty/ MW 31.14 13.73
Reboiler duty/ MW 31.89 17.13
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