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Abstract: In the process of pervaporation separation for aqueous ethanol solution through cellulose tri-acetate( CTA)
membrane, the modelling on the solution—diffusion permeation mechanism was built up on the basis of sorption and per-
meation experimental results. Also its function type and parameter were examined. The composition of sorption equilibri-
um in three component system( Ethanol/Water/CTA) were compared with the calculated value by Flory-Huggins equa-
tion using the pure component sorption data. In order to apply the thermodynamic equilibrium relationship between the
membrane free composition in the membrane and the equilibrium composition in the liquid phase, the apparent activity
coefficients in the membrane were correlated by Wilson and Van Laar type equations. Due to the nonideal behaviour in
this system, however, the results were not satisfied. Diffusion equations were expressed with the concentration gradient
considering permeate alone, and a concentration-dependent diffusion coefficient which includes a parameter was used.
And this model was fitted with the measured permeation rates. If the permeation rate and the amount of sorption of one
component were much larger than those of the other, the bulk flow term could not be negligible. The flux and selectivity
were increased with increasing temperature, and with decreasing downstream pressure.
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Table 1. Coefficients for the Functions y.,(0,) or x1
(Uy). zrn=av'+bv3+cvl+dp, +e

a b c d e
1.983 —b5.655 6.828 -5.297 4,932

o : Volume fraction of ethanol in mixtures
U, : Volume fraction of ethanol referred to the
nonsolvent part in the ternary system.

Table 2. Sorption Values and Binary Interaction Pa-
rameters of CTA/Ethanol and CTA/Wate

Solub8lity Volume fraction %
(g penetrant/
100g dry polymer) (penetrant)
CTA /ethanol 9.135 0.1335 1.323
CTA/Water 3.83 0.0466 2.216
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40 0.5 0.435 0.132 16.91
40 4.0 0.420 0.235 8.37
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sith Abggrh.

NP
A : parameter defined by eq.(18) [-]
A’ : parameter in Van Laar eq. [—]
a . activity in feed [—]
B : parameter defined by eq.(19) [-1]
B’ : parameter in Van Laar eq. [-]
C : parameter defined by eq.(20) & (21) [—1
D : diffusion coefficient in the membrane [m?®-s™']
AGE . excess free energy of mixing [J - mol™]
Ea . apparent activation energy [kJ - mol™']
J @ diffusion flux defined by eq.(17) [kg - m™% + s7']
N : permeate flux [kg -m2.s7']
R : gas constant [J-mol™ K]
r ; diffusion distance [m]
T : absolute temperature [K]
U : volume fraction referred to nonsolvent

<% oo << =

RN <

DO R AN R

. weight fraction inr feed(binary)

: mole fraction in feed(binary)

. weight fraction in the membrane(binary)
: mole fraction in the membrane(binary)

T N/(N+N,)

. plasticization coefficient or parameter

part in the ternary system [—]

: mass averager velocity [m-s™]
u; . velocity of component i with repect to

stationary coordinate [m-s™]

: molar volume [cm?® - mol™']

. volume fraction in the binary system [—1]

. weight fraction in the membrane(ternary) [ —]

defined by eq.(22) & (23) [-]
. separation factor in sorption and )

pervaporation by €q.(2) & (5) [—]
. apparent activity coefficient in the

membrane [-1]
» activity coefficient in feed [-]
. thickness of membrane [m]
. parameter in wilson eq. [-]
. chemical potential [J - mol™]
. density of membrane [kg - m™?]

. volume fraction in the membrane(ternary) [ —]

X

}

ol

0
1
2
3.
d
G

. Flory—Huggins interaction parameter [-
[

L

correction coefficient of permeate flux

= XI.

[=]

pure property

. ethanol

. water

CTA membrane

. dry membrane

: membrane interface contacting with gas phase
Lj:
L:
M:

component 1, j
membrane interface contacting with liquid phase
average value in the membrane

i total
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