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Abstract — In this study, modeling and optimization work were performed to obtain nearly pure anhydrous ethanol
from aqueous ethanol mixtures using benzene as an entrainer. NRTL liquid activity coefficient model was adopted for
phase equilibrium calculations and PRO/II with PROVISION 6.01, a commercial process simulator, was used to simu-
late the azeotropic distillation process. We used the total reboiler heat duties as an objective function and the concen-
tration of ethanol at concentrator top as a manipulated variable. As a result, 76 mole percent of ethanol at concentrator
top gave an optimum value which minimized the total reboiler heat duties of three distillation columns.
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Fig. 2. A schematic diagram of azeotropic distillation process for ethanol dehydration using benzene as an entrainer.
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Table 2. Azeotropic compositions and temperatures of binary and
ternary systems

Weight percent composition

Compounds  BP(°C) ten?pZ:r(:truor E‘(ﬁc) In Upper  Lower
azeotrope layer layer

a. Ethanol 78.5 78.2 95.6

b. Water 100.0 44

a. Benzene 80.1 678 -

b. Ethanol 78.5

a. Benzene 80.1 69.4 91.1 99.94 0.07

b. Water 100.0 8.9 0.06 99.93

a. Benzene 80.1 64.6 74.1 86.0 4.8

b. Ethanol 78.5 18.5 12.7 521

c. Water 100.0 7.4 1.3 43.1
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Fig. 4. Ternary liquid-liquid phase diagram for ethanol-water-ether
and distillation curves.
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Table 3. NRTL binary interaction parameters for each binary set
AL)) B(LJ)

Component I Component J AL BUI) Alpha  Units
Ethanol Water 0.498538 —456.0020 0.1448 K
1.015340 536.2640
Ethanol Benzene —0.448518  440.5140 0.5355 K
-2.748070  1472.2400
Water Benzene 3611500  716.6600 0.2000 K

-5.803300  2933.8999
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Fig. 7. A schematic diagram around a decanter.
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Table 4. Feed stream information

Table 5. Material balance around decanter

Component Mole %
Ethanol 10.00
Water 90.00
Temperature (K) 298.15
Pressure (kPa) 300.00
Flow rate (Kmole/hr) 100.00
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AB7IE
T : absolute temperature [K]
F : feed flow rate to concentrator [Kmole/hr|
D : concentrator top flow rate [Kmole/hr|
B : concentrator bottom flow rate [Kmole/hr]
\% : azeotropic column overhead vapor composition
R : decanter upper phase liquid composition
w : decanter lower phase liquid composition
F, : recycle stream composition to azeotropic column
from stripper
F, : total feed flow rate to tray i [Kmole/hr|
L, : total liquid flow rate from tray i [Kmole/hr|
\' : total vapor flow rate from tray i [Kmole/hr]
Q, : heat added to tray I [MM Kcal/hr]
T, : temperature of tray I [K]
Xi; - In(x; ) natural log of the liquid mole fractions
Yi; : In(y; ;) natural log of the vapor mole fractions
TjeXlD : experimental bubble point temperature
chal : calculated bubble point temperature
yoF : experimental bubble point composition
yjca' : calculated bubble point composition
le,exp . experimental liquid phase composition of phase |
le’“‘l : calculated liquid phase composition of phase |
xjH’exP : experimental liquid phase composition of phase 11
xj">cal : calculated liquid phase composition of phase 11
NC : number of components
NT : number of trays
N : number of experimental data points
Xp : dilute ethanol mole fraction
Xp : ethanol mole fraction at concentrator top
Xp : ethanol mole fraction at concentrator bottom
Xyzeo : mole fraction of ethanol at azeotrope
Obj.(1) : objective function 1
0bj.(2) : objective function 2
Y; : activity coefficient of component i
Xjy Xy, : liquid mole fraction of component j and k
a;. ;. by, b, oy binary interaction parameter in van der Waals
mixing rule
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