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A new calculation method for the optimum design and the operation analysis
of the column is proposed. The Successive Iteration Method proposed previously
for a conventional column was modified for the azeotropic distillation column.
Advantages of the proposed method are: the exact treatment of non-distributed
components, the location of the feed plate is optimized, the applicability to
both one-liquid phase system in the column and two-liquid phase system in the
column, and quick convergency for the iterative calculations of the feed plate
matching. In the development, the degrees of freedom, the boundary conditions
at the column top, and the method for the determination of the activity coef-
ficients of the two-liquid phase are discussed. A sample calculation is presented
for the seperation of iso-propyl alchol and water with an entrainer of di-iso-
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propyl ether to illustrate the numerical evaluation.
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Figure 1. A schematic diagram of an azeotropic distillation column.
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Figure 2.

A graphical representation of distillation curves for
three cases of boundary conditions at column top.
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Table 1. Given values and calculated results of a sample calculation

Design problem Operation problem
Wxw (A)=0.68530 Waw(B)=0.000005 | W=0.6854055 W*=0.3146 N=5
Degrees of
Wow (C)=0.000006 R°=5.4 R*=1.5 | S=14 S*=4 Fp=5.5x10"°
freedom W*xn*(A)=0.00001 W*xw*(B)=0.314595| R°=5.4 R*=1.5
Results N=5 S=14 S*=4 Fy=5.46x10"8
i A B c A B C
1-st xw 0.999986  0.000007  0.000007 0.999963  0.000029  0.000008
Column o 0.1708 0.2173 0.6119 0.1684 0. 2157 0. 6159
Xz 0.1907 0.1261 0. 6832 0.1881 0.1243 0.6876
2-nd  xw* 0.000032  0.999967  0.000001 0.000063  0.999936  0.000001
Column yp* 0.1301 0. 8485 0.0124 0.1376 0. 8502 0.0122
xL¥ 0. 0464 0. 9495 0. 0041 0. 0459 0. 9500 0. 0041

n
- =~ -4---DESIGNING PROBLEM

a

(4) L.P.A.

»*
5 —‘(n)-—ﬁ OPERATION PROBLEM

X © 1.PE.
(B) WATER

Figure 3. The calculated results of the distillation curves
of a sample calculation
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HHEES LY, BEMED 8 >oBEMEY Table 1 1T
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1, Fig. 3, Fig. 4 /Rl 1 7ok, FtEHICAWI-KHE
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Table 2.

oo [T T T T 17 T T T T [ T T T 11
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X, @)

The relationship between ¢ and
xz(B) of a sample calculation.

Figure 4.

Vapor-liquid and liquid-liquid equilibrium relationships
for a sample calculation.

Vapor-liquid equilibrium constants

®112=1042 ®122=656 »]113=817 »133=1293
w223=1878 233=1504 @123=3161
Coefficients of Antoine equation ‘
a b c t
A 8. 96567 2063, 43 256. 570
B 8. 08289 —1738.55 234. 229
C 6. 83726 —1166. 92 227.375 ‘

Polynomial approximation of mutual solubility

x1(A)=b1+bexr(B)+bsx1(B)2+bax;(B)3+bsxr(B)*+bexi(B)°
b1=—0.082934 ba=2. 974665 bs=—7.406213 bs—=8. 849620
bs=—6. 043986 be=1.709072
Polynomial approximation of tie line at 25°C
¥ (B)=t1+texr(B) +tsx(B)2+taxr(B)3
; t1=1.004293 to=—10.591091 13=1.417021 t4=—1.398459
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Fo=feed moles of entrainer per unit feed
L =molal flow rate of liquid per unit feed
q —thermal factor of column feed
R =modified reflux ratio in the enriching

section of the 1-st column, defined by
Eq. 1
R°=reflux ratio in the stripping section of
the 1-st column
*=reflux ratio in the stripping section of
the 2-nd column
V =molal flow rate of vapor per unit feed
W =bottom product of the 1-st column per

unit feed
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W*=bottom product of the 2-nd column per
unit feed

Xn(i)=functions defined by Eqs. (10 and (1))

Xs(i)=functions defined by Egs. (3) and (4)

Xs*(i)=functions defined by Eqgs. (5 and (6

x(i)=liquid mole fraction of i-th component

y(i)=vapor mole fraction of 7-th component

Greek symbols
a(i)=relative volatility of the i-th component
r(i)=activity coefficient of the i-th component
¢e=parameter defined by Eq. (0
7(i)=modified product composition of the i-th
component, defined by Eq. (4
#1,02=correction parameter, defined by Egs.

23 and @4 respectively

Subseripts
[, I=kind of layer in the column
D=product from the column top
e —entrainer component
F=raw material
i, j,k/=kind of component
L,L*=reflux flow from the decanter to 1-st
column and to 2-nd column respectively
N =total number of plates in the enriching
section of the 1-st column
n =n-th plate from feed plate in the
enriching section of the 1-st column
S, S*=total number of plates in the stripping
section of the 1-st column and of the
2-nd column respectively
s=s-th plate from bottom in the stripping
section

W =product from the column bottom

Upperscripts
°=stripping section of the 1-st column

*=2-nd column
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