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The definition of technical words “correlation” and “prediction” in the vapor-liquid equilibrium
(VLE) calculation have been considered. “Correlation” should be used when VLE is calculated by using
the experimental VLE data of a mixture concerned. Namely, this means the evaluation of the model
parameters of an activity coefficient equation from experimental VLE data. On the other hand,
“prediction” is acceptable when VLE can be obtained by calculation, with no VLE data of a mixture
concerned, based on the knowledge of molecular structures and the pure component properties of
constituent pure components. As a useful prediction method, UNIFAC has been widely adopted. The
performances of UNIFAC and GC-W proposed by the present study are compared and discussed in the
prediction of VLE for various binary mixtures consisting of non-polar and polar components.

Key Words: vapor-liquid equilibrium, correlation, prediction, Wilson equation,
group-contribution method, pure-component property, UNIFAC
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Table 1 Coefficients of Egs. (8) and (9) for various classified binary systems

. i b1, Ci2 di2 €12
i 1)+ (2 Ref.

Binary system (1) + (2) e A by Car dy e
Paraffinic + Aromatic [5] 15.2407  1.65x102% -2.07x10° -6.36x1072 —-6.40x10°°
hydrocarbon -6.1894 -9.94x10* -8.26x10° 1.28x10°  9.51x10°°
Cyclohexane + Paraffinic [5] 0.1807 0 1.08x1073 0 -6.53%x107*
or Aromatic hydrocarbon -0.1174 0 -1.82x10°° 0 7.86x10°*
Ether + Paraffinic [4] 03419 -—264x10° 2.18x107° -1.46x10"° 2.17x107™*
hydrocarbon -0.1808  2.73x10° -2.42x107°  1.58x10° -9.98x107*
Ether + Alcohol [7] 05183 -2.64x10° 3.83x10* 5.37x10™* -4.90x107*
-0.9481 2.92x107° -1.63x10° 1.25x10°  8.27x10™*
Ketone + Cyclohexane [4] 1.1806 -3.60x10° -8.74x10* -2.55x10°  3.14x107*
or Aromatic hydrocarbon -1.0989  3.38x10°  1.29x107°  3.62x10° -1.55x107°
Ketone + Alcohol [4] 11034 -432x10"° 1.88x10° -1.51x10"° -4.66x107*
-1.3730  5.17x10° -2.29x10°  1.96x10°  6.50x107*
Ethanol + Hydrocarbon [4] 0.1137 0 2.31x10°° 0 —7.48x107*
0.4269 0 —-2.20x10°° 0 -3.21x10™
Cs, Cyalcohol + Hydrocarbon  [9] —0.3488 -2.13x10°  2.02x10°  8.82x10™* -4.85x10™*
0.2225  1.45x10° -2.04x107°  4.42x107 -4.31x107°

Alcohol + Carbon [8] -0.4423 -3.51x10°° 0 1.06x10°° 0

tetrachloride 0.2227  1.90x10°° 0 -2.32x107 0

+ Chloroform [8] 0.1026 —6.25x10°° 0 4.90x10™ 0

0.2440  2.23x107° 0 -3.82x107* 0

+ Tetrachloroetylene  [8] -0.3874 -2.16x107° 0 1.12x1073 0

0.2504  1.07x10° 0 —-4.19x107 0

+ Trichloroethylene  [8] -0.3882 —2.42x107° 0 9.90x107* 0

0.2048  1.63x10° 0 -3.38x10™* 0

+ 1, 2-Dichloroethane [8] -0.6188 —1.44x107° 0 1.16x10°° 0

0.4475  6.28x107* 0 -5.71x107* 0
Ester + Hydrocarbon [11] -0.2302 -3.40x10° 2.32x10°% 1.25x10° -1.80x10°*
0.0518  3.02x10° -1.97x10° 8.22x10° -5.06x107*
Formate + Alcohol [11] -5.2125 4.43x10* 154x10* 1.71x1072 -5.84x107*
5.1923  2.45x10% -9.24x10™* -1.74x102  9.13x107*
Acetate + Alcohol [11] -0.1734 -2.24x107° 1.43x10° 1.88x10° -4.31x107*
0.0602 2.42x10° -1.75x107° -1.84x10°  6.93x107*
Propanoate or Butanoate [11] 06111 -3.30x10° 2.55x10° -5.19x10* -4.56x107*
+ Alcohol 0.0904 321x10° -2.85x10° -1.83x10°  6.83x107*
Water + Alcohol [4] 0.2944 0 2.83x10°° 0 ~7.12x107*
-0.2090 0 1.84x10°° 0 2.84x107*
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Table 1 continued

(11)11

Binary system (1) + (2) Ref.  ap b1, C12 di, €12
do1 D21 Co1 dyy €21
Hydrocarbon + Acetic acid [12] 0.4502 -1.74x107 0 —7.72x107* 0
0.2259  1.39x107 0 -4.64x107* 0
Hydrocarbon + Propionic acid [12] 0.5217 —2.34x10°° 0 ~7.85x107* 0
-0.1836  2.05x10°° 0 3.40x107* 0
Hydrocarbon + Butyricacid ~ [12] 0.3737 -2.90x107° 0 7.50x107° 0
0.2139 -5.22x107° 0 -1.32x107* 0
Ketone + Carboxylic acid [12] -2.4445 -559x10°  151x10° -532x107° 5.44x1073
1.7977 580x10° -1.58x102  7.45x107° —5.27x107°
Ester + Carboxylic acid [12] —2.9147 -5.78x107* 0.0 2.10x102 —7.36x10"°
3.3831  9.28x10°* 0.0 -2.19x107°  7.07x10°°
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Fig.7 Prediction of VLE for cyclohexane (1) +
propionic acid (2) at 101.3kPa. Experimental:
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Fig.8 Prediction of VLE for butyl formate (1) + formic
acid (2) at 101.3kPa. Experimental: (0); GC-W:
(—); UNIFAC: (---)

Table 2 Deviations in prediction by GC-W and UNIFAC

. GC-W UNIFAC
Binary system (1) + (2) Ayi %] AL[CT A% At[C]”
Diethyl ether + 2-Methylbutane 2.2 0.3 1.9 0.3
Methyl i-butyl ketone + 2-Butanol 2.0 0.1 4.9 1.6
2-Propanol + Toluene 14 0.3 4.0 0.8
Methanol + Carbon tetrachloride 24 0.4 3.8 0.4
i-Propyl acetate + 2-Propanol 15 0.2 7.0 1.8
Water + 2-Propanol 21 0.3 1.7 0.2
Cyclohexane + Propionic acid 2.0 0.6 2.4 1.2
Butyl formate + Formic acid 31 0.7 7.4 0.6

Avg. 2.1 0.4 4.1 0.9

_ o 1Q
*Ay1[%1=%i7‘ Vi “Vioo *x4t[C)= =)

yl‘exp

tcalc -t exp

N = number of data points
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7=. GC-W X Wilson 2. (BUIk CTh B DI &%
350 1IZESN TS 72D, UNIQUAC 1237
L T2 UNIFAC L0 BAF R4 5% C
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T 2 U ST D AR A X T A — X
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fift HRC 7
a = interaction parameter between groups [K]
p = total pressure [Pa]
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pe = vapor pressure of pure component [Pa]
Q. = surface area parameter of group k [-1
R = gas constant [3-mol?t- K™
Ry = volume parameter of group k [-1
t = temperature [C]
T =absolute temperature [K]
v = liquid molar volume [cm®-mol ]
x = mole fraction of liquid phase [-1
X =group fraction of group k [-1
y = mole fraction of vapor phase [-1
z = co-ordination number (z = 10) [-1

y = activity coefficient of component [
I =activity coefficient of group [
& = solubility parameter [(3-cm™®)°S
& = interaction parameter between unlike molecules[-
6 = surface area fraction [
A = interaction energy due to attractive force [J-mol™
A =Wilson parameter [-
v = number of group [
¢ =segment fraction [

LI B D B D

Subscript

b =normal boiling point

k =groupk

1 =component 1

2 =component 2

25 = standard temperature (25°C)

Superscript

C =combinatorial part
R =residual part

(i) =molecule i
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