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Abstract—The concentration profiles of the ternary system(acetone/methanol/water) in a distillation col- '
umn were predicted by the following four different solutions: the general or approximately linearized solu-
tions of Maxwell-Stefan equation, two solutions with the assumptions of the constant number of overall gas
phase mass transfer unit(Nog) along the dispersion height or the constant binary Murphree efficiency. The
experiments were performed in a 5cm L D. distillation column with 5 plates under the conditions of the
liquid flow rate of 2.0 g-mole/min and total reflux. The calculated concentration profiles were compared with
the experimental data. It showed that the concentration profiles with the constant binary Murphree efficiency
were severely deviated from the experimental data, but the profiles of the other three methods were in
good agreements.
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Fig. 1. Schematic diagram of experimental apparatus.
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Table 1, Specification of sieve plate column

Column diameter(mm) 50
Plate spacing(mm) 50
Number of holes per plate 350
Diameter of holes(mm) 1.5
Downcomer diameter(mm) 15
Weir height(mm) 2
Number of plates 5
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Table 2. Binary parameters of the Wilson equation(cal/g-

mole)
System Az—Au Ao~ Az
Acetone/Methanol —182.71 601.36
Methanol/Water 24394 435.14
Acetone/Water 283.34 1496.60
Table 3. Molar volume data(cc/g-mole)
Acetone  Methanol Water

Temp.(K) 228.15 273.15 27713
Volume 67.380 39.556 18.060
Temp.(K) 273.15 373.15 323.15
Volume 71483 44874 18.278
Temp.(K) 323.15 473.15 373.15
Volume 76.826 57.939 18.844
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Table 4. Comparison of flow rate ratio at bottom and top
plate

flow rate ratio F-factor* ratio

mol wt vol mol wt vol
Acetone/Methanol 1.348 4.344 5.499 2.343 7.550 9.557
Methanol/Water  1.156 2.055 2.597 1.146 2.037 2575
Acetone/Water 1116 2.114 2.117 2.044 3.706 3.711
*F-factor = (flow rate) X (gas density)"?
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Table 5. Effect of concentration on Murphree efficiencies
in the binary system

EMV=A+B'X'(%)

A B
Acetone/Methanol 53.95 9.19
Methanol/Water 73.33 —-4.88
Acetone/Water 78.78 363

*X : mole fraction of more volatile component

Table 6. Experimental and predicted concentration pro-
files

Exp. Gen. Num. App. Const.
data  sol. int. sol.  eff.
0405 0405 0405 .0405 .0405
2490 2490 2490 .2490 .2490
1842 2034 2002 .1967 .1922
4181 4042 4005 4013 3930
3575 3851 .3813 3710 .3763
4470 4186 4188 4214 3991
4984 5052 5026 4914 5084
4119 3917 3940 .3978 3653
5949 5800 5781 5687 .5926
3703 3624 .3653 .3690 .3322
0272 0272 0272 0272 .0272
3452 3452 3452 3452 3452
1068 1176 1158 .1120 .1146
5289 5216 .5198 5144 5123
2467 2479 2439 2324 2507
5783 5616 .5645 5606 5419
3801 .3658 .3607 .3455 .3824
5433 5341 5403 5416 .5023
0190 .0190 .0190 0190 .0190
1660 .1660 .1660 .1660 .1660
1241 1532 1508 1495 1408
3626 3558 .3484 .3494 3461
3004 3571 3544 3481 .3393
4306 3987 3946 3954 3831
4832 4960 4954 4878 4904
4043 3782 .3768 .3780 .3559
5842 5796 5800 .5737 .5855
3680 .3509 3507 3517 3241
*Component 1: mole fraction acetone
2 : mole fraction methanol
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HE Aol & ARY FEEEE e Aot o
714 24 8-A 2] FE & 70%+ Table 52 wh& 84| 4]
zAJ0] 0.5 of z} 2AJE-A A E9] s F3te|th
[Noc)7} #4bzolo wel dAF Asole ddi=
vl 2 Xkt 2454 i ge] YA} A=
Be 237} &S & F olrk ol 24 EAY d&

€ JdASTL sl AEY daA g U $E 9
EAE AMEEle] 3EAIY FEEEE A& Aol
A zghell 3 AL Jepih

6.d &

Acetone/methanol/water#| & A143 FFAYP=R
2y g3 2 A3E 4L F ok

(D 24 5AA i ol dg F=2 43 <7
$}3led AAE F-factoroll A FHHEE =43 AR}
24 molar flow rateo] A H3hk= Zle] eldsicth

(2) & Agel AHE3H Ao A& Maxwell-Stefan4] 2]
olutalL} linearized theory & AH8-%F 739, =+ [Nogl
7} A Babxold] we}l dAscty MR BFS BT
A s vimd A dA sl ot 248849 dA gl
Fhol F3slA AT e deokr S de
A A & a8 Jeplch

(3) 3AEAAMA cil2® dHEEo] vlHe] SRS
Zt= methanol?] 74 A4 ey 1x¥dg & s
vebct

NOMENCLATURE
a : interfacial area per umit volume [m™!]
[B] :inverted matrix of multicomponent mass trans-

fer coefficients [K-mole/(s)(m?)(mole frac-
tion)]™!, elements of which are defined by
equation (11) and (12)

c : molar density of fluid mixture [K-mole/m®]
[D] :matrix of diffusion coefficients [m?/s
Di : diffusion coefficient of binary pair i-k [m?/s]
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: Murphree plate efficiency

: equilibrium line

: operating line

: height of liquid [m]

: dimensionless height of liquid

: total height of liquid

: identity matrix with elements §;

: matrix of diffusion flux [K-mole/(s)(m?)]
: zero flux mass transfer coefficients of pair

i-k in multicomponent mixture [K-mole/(s)
(m?) (mole fraction)]

: matrix of zero-flux multicomponent mass trans-

fer coefficients [K-mole/(s) (m2)(mole frac-
tion) ]

: matrix of finite-flux multicomponent mass tarns-

fer coefficients [K-mole/(s)(m?)(mole frac-
tion) ]

: matrix of overall multicomponent mass trans-

fer coefficients [K-mole/(s)(m?)(mole frac-
tion) ]

:number of species in mixture
:number of real stages
: total molar flux of species i [K-mole/(s) (m?)]

matrix of number of multicomponent overall
gas phase mass transfer units

: superficial molar mass velocity of gas [K-

mole/(s) (m?)]

:mole fraction of species i, in the liquid mix-

tures

: mole fraction of species i, in the vapor mix-

tures

: position along film [m]

Letters

: parameter defined by equation (4) [K-mole/

(s)(m?) (mole fraction) ]

: film thickness

: kronecker delta

: dimensionless distance within the film

: matrix of correction factors

: matrix of dimensionless rate factor for multi-

component system, with elements given by
equations (2) and (3)

Matrix Notations

()
L1 :

column matrix of dimension (n—1)
square matrix, (n—1)X(n—1)
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[ 17" :inverted matrix
T J :diagonal matrix
Subscripts
b : bulk phase property
e : entering the plate
L,j,k :indeces
I : interfacial property
i : leaving the plate
X : liquid phase
y : vapor phase
Superscripts
:liquid phase property
y : vapor phase property
° : coefficients corresponding to finite matrix
’ : differenciation with respect to x
* : equilibrium conditions
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