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Abstract Computer modeling and optimization works have been performed for the separation of the binary mixture
of 1-propanol and benzene through a pressure-swing distillation. PRO/II with PRIVISION V10.0 at Schneider Electric
company and NRTL liquid activity coefficient model were utilized. The sum of the total reboiler heat duties of the
low-high and high-low pressure column configurations were compared. To minimize the utility consumptions, low
column, and high column to obtain pure benzene at the top, the number of theoretical stages and optimal feed tray
locations for each distillation column were determined and the reflux ratios for each distillation column were also
adjusted. As a result of the optimization works, the sum of the total reboiler heat duties for the high-low and low-high
pressure configurations were 3.10x10° kcal/h and 2.75x10° keal/h, respectively. In the case where heat integration was
applied to low-high pressure configurations, 57.36 % of the total reboiler heat duties could be saved compared to
the high-low pressure configurations.
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Fig. 1. Vapor-liquid equilibrium diagram for the
I-propanol and benzene system at high

pressure(10 bar) and low pressure(l bar).
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Fig. 2. Schematic drawing of pressure-swing distillation
for low-high pressure distillation
configuration.

column

Fig. 3. Schematic drawing of pressure-swing distillation
for high-low pressure distillation
configuration.
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220
Contents Value 52.0 525 53.0 535 54.0 545 55.0
Mole fraction of Benzene
Total flow rate, Kmol/h 100.00 . . .
Fig. 4. Total reboiler heat duty of high-low pressure
Temperature, K 298.15 distillation columns based on various mole
percentages of benzene in high pressure
Pressure, bar 2.0 distillation column.
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Fig. 6. Number of theoretical stage base on various
reflux ratio at high pressure distillation column.

50

45

4

35

30

25

Number of theoretical stage

20

15
0240 0245 0250 0255 0.260 0265 0.270 0.275  0.280

Reflux ratio

Fig. 7. Number of theoretical stage base on various
reflux ratio at low pressure distillation column.
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Fig. 8. Total reboiler heat duties base on various reflux
ratios of high and low pressure distillation
columns.
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Fig. 9. Total reboiler heat duty base on various feed
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Fig. 17. Total reboiler heat duty base on various feed
tray locations for low pressure distillation
column.

Table 2. Results for optimized process

High-Low pressure distillation column

Column HP LpP
Number of stage 25 25
Reflux ratio 0.46 0.30
Feed stage location 16 15
Pump heat duty (kcal/h) 2,559.63
Condenser duty a0° kcal/h) -1.35 -1.27
Reboiler heat duty (10° kcal/h) 233 0.77
Low-High pressure distillation column
Column LP HP
Number of stage 25 25
Reflux ratio 13 18
Feed stage location 0.44 0.60
Pump heat duty (kcal/h) 13,084.82
Condenser duty (106 kcal/h) -1.50 -0.77
Reboiler heat duty (10° kcal/h) 1.48 1.27
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Fig. 18. Schematic diagram of pressure-swing distillation
for low-high pressure configuration with heat
integration.
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Nomenclatures

: liquid and vapor phase fugacity coefficient of
component % in mixture

: fugacity coefficient

T : absolute temperature [K]
P : pressure [bar]
P,;vap : vapor pressure of component %
R : gas constant [J/gmole K]
: liquid and vapor phase mole fraction of
X and y; .
component 2
W binary interaction parameters in NRTL model
Qs By
o : alpha function
T; : activity coefficient of component 7
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