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Concentration Profiles and Murphree Efficiencies of
Acetone-Methanol-2-Propanol System in a Batch Distillation Column
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Abstract— Concentration profiles of acetone-methanol-2-propanol system, obtained experimentally using a 10 cm LD.-,
10 stages sieve-plate distillation column, were compared to theoretical profiles. The experiments were performed under 1
atm, total reflux condition and 2.8 gmol/min of vapor boil-up rate. Theoretical profiles were calculated by five different
methods : use of binary number of transfer units estimated by AIChE, Zuiderweg and Harris empirical correlations, numerical
integration of the Maxwell-Stefan equation and use of constant Murphree efficiency for all components. All theoretical profiles
were found to give good agreement with experimental ones, among which the profiles obtained using AIChE method showed
the excellent coincidence within 0.32% AAD. Being about 60 %, the component Murphree efficiencies were similar in
most stages but discontinuity in efficiency for methanol was observed for such stage showing the maximum concentration
in the column.

Key words: Ternary Batch Distillation, Concentration Profiles, Murphree Efficiency, Number of Transfer Units, Maxwell-
Stefan Equation
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Fig. 1. Schematic diagram of experimental apparatus.
1. Condenser 6. Temperature controller
2. Reflux divider 7. Manometer
3. Flow meter 8. Mantle
4. Sampling valves 9. Insulation
5. Temperature measurement

Table 1. Specification of sieve plate column

Column diameter(mm) 100
Number of plates 10
Plate spacing(mm) 150
Number of holes per plate 251
Diameter of holes(mm) 2
Weir length(mm) 84
Weir height(mm) 5
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Table 2. Feed compositions of binary system

Feed composition

Component(1-2) (W% component 1)

Acetone-Methanol 9.2-30
Acetone-2-Propanol 9.3-31
Methanol-2-Propanol 9.7-31

Table 3. Feed compositions of ternary system

Feed composition(wt%)
Acetone(1)-Methanol(2)-2-Propanol(3)
17.41-35.15-47.14
15.75-20.02-64.23
8.47-22.06-69.47
7.84-25.87-66.29
8.80-21.77-69.43
6.91-31.04-62.05
5.65-30.82-63.54

Run no.

NN R W=

Table 4. Binary parameter of the Wilson equation
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i J Binary system (cal/gmol) (cal/gmol)

1 2 Acetone(1)-Methanol(2) —128.1900  498.9400

1 3 Acetone(1)-2-Propanol(3) 205.7209  265.4683

2 3 Methanol(2)-2-Propanol(3) 231.9242 0.1696
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Fig. 2. Comparison of N, and N, for acetone-methanol system.
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Fig. 3. Comparison of N, and N, for acetone-2-propanol system.
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Fig. 4. Comparison of N; and N, for methanol-2-propanol system.
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Fig. 5. Murphree efficiency for acetone-methanol system.
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Fig. 10. Calculation procedure for the composition profiles.
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Table 5. Comparison of average absolute deviation

AAD
Run no. Component AIChE Zuiderweg Harris N,um' Const.
int. eff.
1 Ay, 0.0005 0.0411 0.0194 0.0395 0.0364
Ay, 0.0012 0.0158 0.0248 0.0372 0.0247
Ay, 0.0012 0.0256 0.0054 0.0036 0.0120
2 Ay, 0.0030 0.0374 0.0063 0.0510 0.0572
Ay, 0.0012 0.0043 0.0041 0.0531 0.0586
Ays 0.0026 0.0377 0.0065 0.0177 0.0033
3 Ay, 0.0064 0.0559 0.0361 0.0568 0.0701
Ay, 0.0037 0.0168 0.0166 0.0508 0.0799
Ay, 0.0033 0.0478 0.0225 0.0122 0.0104
4 Ay, 0.0043 0.0710 0.0730 0.0610 0.0645
Ay, 0.0044 0.0379 0.0414 0.0673 0.0820
Ay, 0.0010 0.0451  0.0385 0.0066 0.0227
5 Ay, 0.0038 0.0682 0.0532 0.0649 0.0772
Ay, 0.0038 0.0268 0.0250 0.0604 0.0922
Ay; 0.0011 0.0531 0.0352 0.0078 0.0161
6 Ay, 0.0062 0.0640 0.0720 0.0541 0.0565
Ay, 0.0053 0.0342 0.0418 0.0598 0.0703
Ay, 0.0021 0.0399 0.0339 0.0064 0.0206
7 Ay, 0.0042 0.0727 0.0839 0.0590 0.0575
Ay, 0.0055 0.0456 0.0511 0.0724 0.0756
Ay, 0.0018 0.0412 0.0387 0.0142 0.0261
Average Ay, 0.0041 0.0586 0.0491 0.0552 0.0599
deviation Ay, 0.0036 0.0259 0.0293 0.0573 0.0690
Ay, 0.0019 0.0415 0.0258 0.0098 0.0159
Ay 0.0032  0.0420 0.0347 0.0408 0.0483
AAD= 351, .|
10 ¥ i 1 H 1 T T 1
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Fig. 11. Experimental component Murphree efficiencies of ternary sys-
tem(Run #1).
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[E"™]  :matrix of Murphree tray efficiency [-]
E, : Murphree point efficiency for binary system [-]
[Eov] : matrix of Murphree point efficiency [-]
1] : identity matrix [-]
[K} : diagonal matrix of the first (n — 1) K values [-}
K, : equilibrium ratio for component i, j [-].
k; : overall vapor phase mass transfer coefficient [-]
L : molar flow rate of the liquid phases leaving the tray [mole/s]
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M] : matrix of equilibrium constants [-]
N : number of stages
N; : elements of [N,} ™' and [N,]”’ defined by Eq. (10)
N; : number of transfer units in binary system {-]
[N.] : matrix of numbers of transfer units for the liquid phase [-]
Nog : overall number of transfer units for binary system [-]
[Now]  :matrix of overall number of transfer units [-]
[Ny] : matrix of numbers of transfer units for the vapor phase [-]
A% : molar flow rate of the vapor phases leaving the tray [mole/s]
X : mole fraction of liquid phase [-]
x’ : pseudobinary composition defined by Eq. (15) [-]
y : mole fraction of vapor phase [-]
Ve : entering vapor-phase mole fraction [-]
Y. : average exiting vapor-phase mole fraction [-]
z : mole fraction of the appropriate phase [-]

: dimensionless coordinate in vapor flow direction [-]
: square matrix, (n — )X (m—1)

: column matrix of dimension (n - 1)

: inverted matrix

3z|0|A 2A}

: activity coefficient

: thermodynamic correction factor
: Kronecker delta

: stripping factor

: liquid phase
: vapor phase
: equilibrium

SRt

1,2,3

i’ j’

ov

AW N =

: component indices

k  :component indices

: liquid phase

: overall parameter referred to the vapor phase
: vapor phase
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