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Table 1 Conditions for Calculations and Physical Properties
(Calculating Condition)
Total Stage Number | 15 ’ D=0.35 ‘ W—0.65 F—1.00
¢-Value j 1 l R.R.—=1~5 ‘ Side Cut Amount S=0~0.3

Feed Composition

n-Butanol or n-Propanol 0.25x10-3, Water 0.64975, Methanol 0.35

(Physical PropertiesD)

n-Butanol (1)-Water (2)-Methanol (3) System

Wilson’s Constant

Ay, =1.0000, A;,=0.02097, Ay3=1.58948
A;,=0.82795, Azp=1.0000, A3 =1.0920
A3,=0.3272, A3,=0.3821, As3=1.0000
Antoine’s Constant Boiling Point Heat of Vaporization
Ai Bi | G T(°C) 21 (cal/g-mol) at B.P.
n-Butanol 9.1362 2443.0 273.15 117.6 10610.0
Water 7.9668 1668.2 228.0 100.0 9117.0
Methanol 7.8786 1473.1 230.0 64.6 8430.0
Constants for the Equation Cpy=a-+ 5T +7yT? 1 Liquid Heat Capacity
a B . ] Cy1; (cal/g-mol K)
n-Butanol 0.7800 9.984 x 10-2 —5.354x10-5 43.10
Water 7.2190 2.374x10-3 0.267 x 10-¢ 18.03
Methanol 4.3980 24.274x10-3 —6.855x10-¢ 18.13
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Table 2 Calculated Results (No Side Cut)
Total stage number 15, g-value 1, D=0.35, W=0.65, F=1.00, R.R.=2.0

Feed composition ; n-Butanol (1) 0.25x10-3, Water(2) 0.64975, Methanol(3) 0.35

Feed Stage Peak Stage x(—) ;=K /K,(—) K (—) Temperat\’;{?(?f&]Peak Stage
j
4 14 0.848 2.192 1.258 84.45
6 13 0.802 1.677 0.911 82.53
8 12 0.762 1.379 0.753 82.05
10 12 0.828 1.795 1.214 87.69
12 10 0.658 0.937 0.505 80.15
13 9 0.669 0.954 0.544 81.49
Table 3 Calculated Results (No Side Cut)
Total stage number 15, g-value 1, D=0.35, W=0.65, F=1.00, R.R.=2.0
Feed composition ; n-Propanol (1) 0.25x10-3, Water(2) 0.64975, Methanol(3) 0.35
Feed Stage Peak Stage x(—) a,=K /K, (—) K, (—) Temperatt;{f?(?f Peak Stage
j
4 13 0.680 2.434 1.154 77 .84
6 12 0.649 2.168 1.034 77 .45
8 12 0.729 2.721 1.472 81.14
10 11 0.660 2.107 1.119 79.55
12 9 0.402 1.047 0.558 75.00
13 9 0.450 1.147 0.633 76.45
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Table 4 Calculated Results (No Side Cut)

Total stage number 15, g-value 1, D=0.35, W=0.65, F=1.00
Feed composition ; n-Propanol (1) 0.25x 10-3, Water(2) 0.64975, Methanol(3) 0.35

Reflux Ratio Feed Stage Temperatz{j (Ef Peak Stage K, (-) K, EZE?SK’C?“SY
1.0 8 78.24 1.213 1.928%*
2.0 8 81.14 1.472 1.619%*
3.0 8 79.58 1.007 1.464**
4.0 8 80.63 1.005 1.371%*
5.0 8 81.09 0.985 1.309**
1.0 12 71.92 0.499 0.500%
2.0 12 75.00 0.558 0.666%*
3.0 12 78.76 0.710 0.750%
4.0 12 79.83 0.727 0.80%*
5.0 12 80.38 0.733 0.833*

** : calculated by Eq. (10), * ; calculated by Eq. (8)
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Table 5 Calculated Results (Liquid Side Cut)

Total stage number 15, g-value 1,

Feed composition ; n-Butanol (1) 0.25x10-3,

R.R.=2.0

Water(2) 0.64975, Methanol(3) 0.35

Side Cut Stage | Separation Number | (— W,,,)cal qc cal gp cal D w N (=)
8 1.9651 253.69 8874 .82 8952.41 0.35 0.64 0.01 0.3515
9 1.9761 253.45 8874.85 8950.10 0.35 0.64 0.01 0.3516
10 2.0170 252.88 8874 .86 8944 .38 0.35 0.64 0.01 0.3519
11 2.0993 251.32 8874.95 8928.22 0.35 0.64 0.01 0.3529
12 2.1711 248.29 8874.97 8897.12 0.35 0.64 0.01 0.3555
13 2.1844 245.93 8875.02 8872.64 0.35 0.64 0.01 0.3582
8 2.9373 259.59 8877.13 9062. 34 0.35 0.62 0.03 0.3378
9 2.9389 260.18 8875.60 9059.65 0.35 0.62 0.03 0.3387
10 2.9373 259.87 8874.77 9052.76 0.35 0.62 0.03 0.3392
11 2.9159 258.16 8874 .33 9029.38 0.35 0.62 0.03 0.3405
12 2.8179 254.53 8874 .82 8981.27 0.35 0.62 0.03 0.3441
13 2.5900 249.82 8874 .96 8921.94 0.35 0.62 0.03 0.3503
8 2.8240 249.96 8880.74 9055.72 0.35 0.55 0.10 0.3266
9 2.8294 253.26 8877.22 9053.52 0.35 0.55 0.10 0.3304
10 2.8312 254.50 8876.12 9052.36 0.35 0.55 0.10 0.3319
11 2.8313 254.66 8874 .46 9047.97 0.35 0.55 0.10 0.3325
12 2.8281 253.87 8874.22 9033.88 0.35 0.55 0.10 0.3336
13 2.7838 251.26 8874 .83 8985.65 0.35 0.55 0.10 0.3383
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Table 6 Calculated Results (Vpour Side Cut)

Total stage number 15, ¢g-value 1, R.R.=2.0

Feed composition ; n-Butanol (1) 0.25x10-3, Water(2) 0.64975, Methanol(3) 0.35

Side Gut Stage | SSPAration | -y yeal g cal g5 cal gc'cal| D w S, 7(=)
8 2.015 260.06  8874.97  9092.61  85.80 | 0.35 0.64 0.0  0.3460
9 2.091 259.61  8874.57  9089.83  85.93 | 0.35 0.64 0.01  0.3460
10 2.196 258.79  8874.85  9084.49  86.09 | 0.35 0.64 0.01  0.3461
11 2.207 256.32  8874.66  9062.46  86.2¢ | 0.35 0.64 0.01  0.3474
12 2.481 256.28  8874.76  9059.11  87.13 | 0.35 0.64 0.01  0.3480
13 2.490 253.83  8874.94  9028.17  88.20 | 0.35 0.64 0.0  0.3516
8 2.9263 259.74  8881.73  9339.19  265.86 | 0.35 0.62 0.03  0.3354
9 2.9354 264.12  8877.82  9336.79  267.00 | 0.35 0.62 0.03  0.3409
10 2.9384 266.04  8876.38  9335.66  267.53 | 0.35 0.62 0.03  0.3434
11 2.9391 266.62  8875.99  9333.57 267.75 | 0.35 0.62 0.03  0.3444
12 2.9371 266.18  8874.76  9323.25  267.92 | 0.35 0-62 0.03  0.3454
13 2.9111 264.44  8874.66  9288.92  268.57 0.35 0.62 0.03  0.3489
8 2.799 274.96  8893.19  9985.19  900.75 | 0.35 0.55 0.1 0.3548
9 2.820 287.98  8883.46  9979.26  903.76 | 0.35 0.55 0.1 0.3712
10 2.898 293.5]  8878.31  9975.69  905.04 | 0.35 0.55 0.1 0.3791
11 2.831 295.97  8876.18  9973.96  905.59 | 0.35 0.55 0.1 0.3822
12 2.831 296.50  8875.98  9971.39  905.73 | 0.35 0.55 0.1 0.3831
13 2.830 296.22  8874.89  9961.98  905.85 | 0.35 0.55 0.1 0.3843
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Nomenclature

B ; separation number defined by Eq. (11) (=)

D ; flow rate of distillate (mol/hr)
F ; flow rate of feed (mol/hr)
H ;L ;liquid holdup at stage j (mol)

L, L’ ;liquid flow rate at the stripping and

rectifying section (mol/hr)
L; ;liquid flow rate at stage j (mol/hr)
K; ; equilibrium ratio (=)
N ;number of plates (=)
gp ; heat required in a reboiler (cal/mol)
dc ; heat rejected in a condenser (cal/mol)
4¢’ ; heat rejected in a side cut stage (cal/mol)
q ; g-value (=)
R.R. ; reflux ratio (=)
R ; gas constant (cal/mol K)
r; 3 activity coefficient in liquid phase (—)
Sy, Sy ;liquid and vapor side cut stream (mol/hr)
t, 4t ; time and time interval (hr)

Tp, Tw, Ts, T, ; temperature at distillate, bottom,
side cut stage and surroundings

(K)

V; ; vapor flow rate at stage j (mol/hr)
V, V' ; vapor flow rate at stripping and rectifying
section (mol/hr)

W ; flow rate of bottom (mol/hr)
P ; vapor pressure of i-th component (-)
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x;; ; composition of the i-th component leaving

stage j (—)

xp, xw ; distillate and bottom composition (=)

ij 3 vapor composition of the i-th component
leaving stage j (—)

(— Wiyev)s (—W) ; reversible and actual work
applied for the separation

(cal/mol)

z;; ; composition of the i-th component of the
feed stream entering stage j (=)
157 ; relaxation factor (hr/mol)
A;; ; Wilson’s constant (—)
7 ; thermodynamic efficiency (—)

(Superscripts)
n=iteration number
o=initial value

Summary

(Subscripts)
{=component number
J=stage number
F=refers to feed
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Distillation Calculations with Trace Components

Hideto Yosuma*V, Hiroshi Yamane*? and Masahiro YORIZANE*D)

The relaxation method was used for the distillation
calculations involving trace amounts of a component
in the n-Butanol-Water-Methanol and #n-Propanol-
Water—Methanol systems.

Tables 2, 3 indicate that the temperature of the stage,
where the amount of the component becomes maximum,
is approximately constant and the mean value is 83.1°C
for the n-Butanol-Water-Methanol system, and it is
77.9°C for the n-Propanol-Water—Methanol system. It
is also found that these values are independent of the
location of the feed stage.

In the case there is no side cut, the equilibrium ratio
of the trace component at its maximum concentration,
can be estimated by Eq. (8) and Eq. (10) at the stripping
and rectifying sections, respectively. The calculated re-

*1)  Faculty of Engineering, Hiroshima University (3,
Sendamachi, Naka-ku, Hiroshima 730)

*2)  Mitsui Petrochemical Industries, Co., Ltd., Otake
Factory (Waki-cho, Kuga-gun, Yamaguchi 740)

Keywords

sults are shown in Table 4 for different reflux ratios.

Figs. 4, 5, 6 show that concentration profiles of the
trace component in the column are nearly equal whether
the number of liquid side-cut stage is one or two when
the total amount of side cut is the same.

Both Figs. 7, 8 give the relation between separation
number defined by Eq. (11) and side cut stage for various
side-cut flow rates. These figures show that there exist
optimum values for the side-cut stage and side-cut flow
rate.

The effective side-cut stage is an intermediate stage
located between feed stage and the stage where the
amount of the trace component becomes maximum for
the no side-cut case.

Figs. 9, 10, 11 indicate that there exists a region
where both the separation and thermodynamic -effi-
ciencies for the vapor side cut case are higher than those
for the liquid side cut case.

Distillation, Calculation, Trace component, Side cut, Thermodynamic efficiency
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