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Abstract — Concentration profiles of the acetone-methanol-2-propanol system, obtained experimentally using a batch distil-
lation column packed with 1-cm Pall rings were compared with theoretical profiles. The I.D. and the total packed height of the
column were 10-cm and 150-cm respectively. The experiments were performed under 1 atm, total reflux condition and a vapor
boil-up rate of 0.05 gmol/s. The theoretical concentration profiles were calculated using the matrix model proposed by Krishna
and Standart. The mass transfer characteristics of the system, such as mass transfer coefficients and the heights of a transfer
unit, were estimated by empirical correlations of Onda et al., Bravo and Fair, Billet, and Bolles and Fair. The calculated pro-
files were in reasonable agreement with the experimental profiles. It was found that the method of Bolles and Fair gave the best

results showing 0.021 AAD between predicted and measured concentrations.
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Fig. 1. Schematic diagram of experimental apparatus.
1. Condenser 5. Temperature controller
2. Reflux divider 6. Manometer
3. Flow meter 7. Mantle
4. Sampling valves 8. Insulation

Table 1. Feed compositions of binary systems

Feed composition
Component(1-2) (mol% of component 1)
Acetone-Methanol 5.33-21.34
Acetone-2-Propanol 5.38-23.06
Methanol-2-Propanol 6.72-25.91

Table 2. Feed compositions of ternary system

Feed composition(mol%)
Acetone(1)-Methanol(2)-2-Propanol(3)
15.10-37.86-47.04
12.34-26.24-61.42
9.71-24.94-65.35
7.31-24.28-68.41

Run no.
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338 o
AlEo] BX4L& chromosorb® 5719 stainless steel column(1/8 inch

Table 3. Binary parameters of the Wilson equation [16]

i j Binary systems Ay (cal/g mol)  A;—Ay; (cal/g mol)
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. Variation of number of transfer units for acetone-methanol
system.
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Fig. 4. Variation of number of transfer units for methanol-2-propanol
system.
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Fig. 5. Comparison of experimental and estimated concentration profiles
for acetone(1)-methanol(2)-2-propanol(3) system(Run No. 1).
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Fig. 6. Comparison of experimental and estimated concentration pro-

files for acetone(1)-methanol(2)-2-propanol(3) system(Run No. 4).
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Table 4. Comparison of average absolute deviation

AAD
Run
Component  Onda Bravo and . Bolles and
no. . Billet .
etal. Fair Fair

1 Ay, 0.0300 0.0324 0.0372 0.0270

Ay, 0.0356 0.0304 0.0154 0.0332

Ay, 0.0171 0.0286 0.0283 0.0414

2 Ay, 0.0173 0.0344 0.0327 0.0134

Ay, 0.0246 0.0192 0.0131 0.0244

Ay, 0.0162 0.0325 0.0285 0.0110

3 Ay, 0.0217 0.0234 0.0182 0.0288

Ay, 0.0362 0.0283 0.0081 0.0368

Ay, 0.0145 0.0328 0.0264 0.0080

4 Ay, 0.0256 0.0555 0.0503 0.0110

Ay, 0.0174 0.0059 0.0085 0.0219

Ay, 0.0342 0.0586 0.0418 0.0222

Ay, 0.0237 0.0364 0.0346 0.0201

Ay, 0.0285 0.0210 0.0113 0.0291

Ay, 0.0205 0.0381 0.0313 0.0138

Ay 0.0242 0.0318 0.0257 0.0210

1
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==
a' : effective interfacial area per unit volume [m%m?’]
A, : cross-sectional area [m?]
[ : mixture molar density [mol/m’]
h : packed height with a default value of 0.5 [m]
H : total height of packing [m]
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H; : height of transfer unit for liquid [m]

Hy, : height of transfer unit for vapor [m]

Kt : mass transfer coefficient for liquid [m/s]

k" : mass transfer coefficient for vapor [m/s]

K] : diagonal matrix of the first (n-1) K values [-]

[Koy]  : matrix of multicomponent overall mass transfer coefficient [m/s]
L : molar flow rate of the liquid phases [mole/s}

[M] : matrix of equilibrium constants [-]

Nj; : element of [NV]‘l and [NL]"1 defined by Eq. (9)

N : number of transfer units in binary system [-]

[N;] : matrix of numbers of transfer units for the liquid phase [-]
[Ny] : matrix of numbers of transfer units for the vapor phase [-]
[Noyl  :matrix of overall number of transfer units [-]

u; : superficial velocity of liquid [m/s]

uy : superficial velocity of vapor [m/s]

v : molar flow rate of the vapor phases [mole/s]
x : mole fraction of liquid phase [-]

x' : mole fraction of pseudo binary [-]

y : mole fraction of vapor phase [-]

z : differential height in packed column [m]

[ 1] : square matrix, (n-1)X (n-1)

() : column matrix of dimension (n-1)

[ T! :inverted matrix

Jz2jojA X}

i : thermodynamic correction factor

Y : activity coefficient

8 : Kronecker delta

4 : dimensionless coordinate

A : stripping factor

A

L : liquid phase

\% : vapor phase

* : equilibrium

Ciy=2

1,2,3 :component indices

i,j : component indices

L : liquid phase

ov : overall parameter referred to the vapor phase

v : vapor phase
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