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Schematic Drawing of Azeotropic Distillation
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Table 1 Calculation Conditions and Physical Properties

Calculation Conditions

g-value 1 : molar rate F;=1, W=0.89, WIW=0.11
Feed composition : Benzene 0.001, Ethanol 0.890, Water 0.109

Physical Properties Benzene (1) -Ethanol (2) -Water (3)
Constants of NRTL Egq.

An=0.0, A,,=1096.899, A,;=2213.355
Ag=282.332, A;;=0.0, Ay= —86.763

a;;=1.0, a;,=0.295, a,;=0.267
a2;=0.295, a,,=1.0, ay3=0.270
a33=0.267, a3,=0.270, az3=1.0

Agr=3820.954, Ag,=1289.908, Ag;=0.0

Antoine’s Constants Boiling Point Heat of Vaporization
A | B |G T5(°0) i (cal/gmol)
Benzene 6.90565 | 1211.03 | 220.79 80.15 7352.0
Ethanol 8.04494 | 1554.30 | 222.65 78.35 9260.0
Water 7.96681 | 1668.21 | 228.00 100.00 9717.0
Constants for the Equation Cpy=a+ T+ T2
- Cpr(cal/gmol K)
a 8 7
Benzene —8.101 1.133x10-1 —7.206%10-5 31.58
Ethanol 2.153 5.113x 10-2 —2.004x10-5 26.55
Water 7.701 4.595x10-4 2.521x10-¢ 18.03
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Nomenclature

4;; ; parameter of NRTL Eq. (=)
A;, B;, C;; Antoine’s constant (—)
Cpr, Cpy ; heat capacity for liquid and vapor

phase (cal/gmol K)
F, FF ; flow rate of first and second column (gmol/hr)
L ; liquid flow rate (gmol/hr)
N1, N2; number of plate for first and second
column (=)
q; g-value (=)
¢B1, 982 ; heat required in a reboiler for first and
second column (cal/hr)
dc ; heat rejected in a condenser (cal/hr)

R ; gas constant (cal/gmol K)

R1 ; reflux ratio (—)
S ; Separation number defined by Eq. (3) (=)
T p ; boiling point (°C)

T, To ; temperature and surrounding temperature (K)

TTT ; water feed rate to decanter (gmol/hr)
TOO ; temperature in a decanter (&)
T1(), T26) ; temperature of ith stage for first and
second column (K)
T (1) ; temperature in a condenser (K)
Uj ; liquid side cut stream from stage j (gmol/hr)
V ; vapor flow rate (gmol/hr)
W ; vapor side cut stream from stage j (gmol/hr)

W, WW ; bottom flow rate for first and second
column (gmol/hr)
(—=Wyen), (—W)y) ; reversible and actual work

applied for the separation

(cal/gmol)
x; ; liquid composition of the ith component (=)
9; ; vapor composition of the ith component (—)
zij ; composition of the ith component of the
feed stream entering stage j (—)
7i ; activity coefficient in liquid phase for the
ith component (=)

7 ; thermodynamic efficiency calculated by Eq.(4) (—)

2; ; heat of vaporization for ith component (cal/gmol)
m ; total pressure (atm)
@, B, 7 ; constants for vapor heat capacity =)

Superscripts
i=component number
j=stage number
r=refers to feed
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Characteristics of Azeotropic Distillation Column

Hideto YosHmpa* and Masahiro YORIZANE*

The relaxation method was used for azeotropic distil-
For the Benzene-Ethanol-Water sys-
tem, various operating conditions were examined by use

lation calculations.

of thermodynamic efficiency and separation number.
For vapor-liquid calculations NRTL Eq. was used,
and Eq. (3) was used for separation number calcula-
Egs. (4), (5), (6) were used for thermodynamic
A schematic drawing of azeo-
It was

tions.
efficiency calculations.
tropic distillation column is shown in Fig. 1.
found from Figs. 3, 4, 5 that the ratio of liquid
to vapor flow rate for the first column should be less
than 1.3. From Figs. 6, 7, 8, it was also found that
the ratio of liquid to vapor flow rate for the second

* Faculty of Engineering, Hiroshima University (Saijyo,
Shitami, Higashi-hiroshima 724)

Keywords

column should be less than 1.2. Fig. 9 shows that
both the thermodynamic efficiency and separation num-
ber were maximized when the temperature of the feed
The maximum ther-
modynamic efficiency was about 0.07. Figs. 10, 11,
indicated that as the pressure of the column decreased,
the separation of ethanol and water improved. Fig. 11,
showed that as the pressure increased, the thermodynamic
efficiency decreased. Fig. 12 shows the relation between
mole fraction of bottom liquid and water feed rate to
the decanter. It indicated that as the water feed rate
to the decanter increased, the separation of bottom

was in the boiling condition.

liquid in the second column improved. But from Fig.
13, it was observed that the greater the water feed rate
to the decanter was the greater the reboiler duty.

Azeotrope, Benzene, Distillation, Ethanol, Thermodynamic efficiency
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