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Abstract—In the multicomponent distillation, the concentration profiles for the n-hexane/n-heptane/n-octane system and
the methanol/2-propanol/water system are predicted by following three methods :

(1) assumption of constant number of overall vapor phase transfer units, [Nov]

(2) solution of Maxwell-Stefan equation based on linearized theory

(3) the general solution of Maxwell-Stefan equation
The experiments are performed in a 1 in. diameter Oldershaw column with 10 plates and 15 plates respectively, in order to
compare the predicted concentration profiles with the measured concentration profiles. The predicted concentration profiles
using the assumption of constant [Nyy] are deviated from the measured concentration profiles for both systems. But the
predicted concentration profiles using other two methods are in good agreement with the measured concentration profiles.
And three methods are used to predict the required number of stages for a specified separation. In non-ideal system the
predicted numbers of stages are different from each other. But in ideal system three methods predict almost same numbers
of stages with each other.
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Fig. 1. Schematic diagram of experimental apparatus.
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Table 1. Binary parameters of Wilson Model

System Arp-Aay Aoy
n-hexane/n-heptane 315.3933 —337.4396
n-heptane/n-octane 556.4732 -419.5532
n-octane/n-hexane 520.5444 - 481.9129
MeOH/IPA -27.612 278.391
IPA/H,O 1225.086 1241.189
H,0/MeOH 379.196 342910
Table 2. Molar volume(cc/g-mol)
n-Hexane n-Heptane  n-Octane MeOH IPA H,0
131.61 146.56 162.54 40.73 76.92 18.07
Table 3. Antoine parameters
A B C
n-hexane 6.9158 1189.640 226.280
n-heptane 6.89386 1264.370 216.640
n-octane 6.93142 1358.800 209.855
MeOH 7.76879 1408.360 223.600
IPA 8.87829 2010.330 252.636
Water 8.07131 1730.630 233.426
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Table 4. Atomic diffusion volume

Atomic and structural diffusion volume increments v

C 15.9 H 231 0 6.11

Table 5. Diffusivity ratio

Dw/Di  DyDy  Dy/Dy
n-hexane/n-heptane/n- 1.1783  0.9141 09285  1:n-hexane
octane system 2 :n-heptane
3 :n-octane
MeOH/IPA/Water 0.6502  0.6439 2.3884  1:MeOH
system 2:1PA
3 : Water
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Fig. 5. Effect of concentration on Murphree efficiency MeOH/Water,
IPA/Water, MeOH/IPA systems.
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Fig. 6. Comparison of experimental composition profiles with predicted
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Fig. 7. Comparison of experimental composition profiles with predicted
composition profiles(for Run 2).
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Table 6. Deviation between experimental composition and predicted

composition

Standard Maximum
deviation" deviation”

Run 1 Method 1 0.0510 0.1602

Method 2 0.0257 0.0884

Method 3 0.0268 0.0624

Run 2 Method 1 0.0609 0.1676

Method 2 0.0174 0.0526

Method 3 0.0209 0.0549

1) Standard Deviation=

vz
Y. (Experimental Composition — Predicted Composition)®
No. of Observations

2) Maximum Deviation = Max(Deviation)
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Fig. 8. Comparison of experimental composition profiles with predicted
composition profiles(for Run 3).

-Stefan2] 2] S5 o] &3lod S Az}o) v o WAL o]
€ vehlla glow, Ay sle] 28 2gste] 78 FE o] 43} 7
ot AdutalE o)4-shs APolls A 2 AFHE YL ¢ 5 9)
o} 2 o] el AlAERe], YukElE o] 43l 2HL o=
3leidl BRAY <% ¢lAl(mass transfer rate factor)E o]-43s}e 7+
¥ EY2E A o] oid $HAAe) Pesteg, Ay
Bo] 2& A 437 sol vl o] B Xzke] 2 €}

4-4-2. MeOH/IPA/Water 7

102t2.2 FA % Oldershaw column- o]-4-3}e] Aoz e
A FE EEE Yol AAE 2 L o] g8 29 5
| x Exso}vasly] Y8 a2 7 R 242 Fig 84 £AS)
et &, 15402 g ZRFAE £Y8 AR sle] Fig.9¢] o}
el ict.

ZH7ke] el vehvbRo] MeOH/IPA/Water#| ¢} 2-2- nojAbA <)
Ale] 74, [NaRkE dAstcka 7138 ¥ Rk Maxwell-Stefan

eyt 1T T T T T T T T T

_— \__\_w_;_\ .. ® i

0.9 — \\\-\_\ —

F Caloulated ™~ 3 ]

08 Calcul ~._ e ~ 3

r | —— Method 1 h 3

07 Method 2 E

g 06f| — — Method 3 3

Z F 1

é_ 0.5 = Experimental S

8 04b| * MeOH NN

| = IPA P AR NE

- H,0 -~ - ]

0.3 — a R - A |

C rd rd a —A

02 [ A s

E - - -

E A WA

01— — s 7 -
:’:_../ —"" m a Rt /

008 & 1 B L8t —p~T") | 47| | | ]

0123 456 7 8 9 10111213 14 15

Stage No.

Fig. 9. Comparison of experimental composition profiles with predicted
composition profiles(for Run 4).
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Table 7. Deviation between experimental composition and predicted
composition
Standard Maximum
deviation” deviation”
Run 3 Method 1 0.0244 0.0410
Method 2 0.0145 0.0296
Method 3 0.0136 0.0273
Run 4 Method 1 0.0838 0.1681
Method 2 0.0249 0.0401
Method 3 0.0239 0.0398

1) Standard Deviation=
172

>, (Experimental Composition — Predicted Composition)’
No. of Observations

2) Maximum Deviation=Max(Deviation)
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4-5. Design Problem
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Fig. 10. Composition profiles for design problem by three methods(n-

hexane/n-heptane/n-octane).
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Fig. 11. Composition profiles for design problem by three methods
(MeOH/IPA/Water).
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a : interfacial area per unit volume [m’/m’]

A, :active bubbling area on tray [m’]

B :inverse of binary diffusion coefficient [s/m’]

(B]

[

Kov
[Kov] :

[k]
ke]:
M,

N¢
[Nov] :
NOVB

: matrix function of inverted binary diffusion coefficients [s/m’]
: mixture molar density [mol/m’]

: Maxwell-Stefan diffusivity for pair i-j [m’/s]

: froth height [m]

: identity matrix

: molar diffusion flux relative to the molar average velocity [mol/

m’ s]

: overall mass transfer coefficient {m/s}

matrix of multicomponent overall mass transfer coefficients
[m/s]

: matrix of multicomponent zero mass transfer coefficients [m/s]

matrix of multicomponent finite mass transfer coefficients [m/s]

: molar mass of component i [g/mol]
: molar flux of component i [mol/m’ s]
: mixture molar flux [mol/m’ s]

Matrix of overall number of gas phase mass transfer units

: overall number of binary gas phase mass transfer units
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P :pressure [atm]
r : coordinate direction or position [m]

I, :inner edge of film [m]

I, :outer edge of film [m]

[R] :matrix auction of inverted binary mass transfer coefficients
T  :temperature [K]

V  :molar flow rate of mixture [mol/s]

X;  :composition of component i in the liquid phase
y;  :composition of component i in the vapor phase
azjola 2xt

n  :dimensionless distance

k  :Maxwell-Stefan mass transfer coefficient in a binary mixture [m/s]
A;  :binary parameter of Wilson equation

Y : atomic diffusion volume

(¢) :column matrix of dimensionless mass transfer parameters

[®] :matrix of mass transfer rate factors

[¥] :matrix of mass transfer rate factors in linearized film model

S X}
av  :denotes that suitably averaged properties are used in the deter-
mination of the indicated parameter

les]

: quantity entering zone under consideration
: component i property

: quantity leaving zone under consideration
: quantity evaluated at position =3

: quantity evaluated at position n=0
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