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ABSTRACT 

Ternary vapour-liquid equilibria (VLE) and liquid-liquid equilibria (LLE) for four 
systems are calculated using the UNIQUAC model in three cases: (1) binary parameters 
alone; (2) binary parameters plus ternary parameters obtained from only ternary LLE; and 
(3) binary parameters plus ternary parameters obtained from both ternary LLE and VLE. 
The most satisfactory results are obtained in case 3. 

INTRODUCTION 

Common activity coefficient equations based on the local composition 
concept contain only parameters due to the interactions between binary 
pairs of molecules and do not include any ternary parameters. These 
equations work considerably well for predicting ternary vapour-liquid equi- 
libria (VLE) on the basis of binary data alone. On the contrary, the 
equations have difficulties in the prediction of ternary liquid-liquid equi- 
libria (LLE), which imposes a severe test on the ability of solution models. 
In a ternary mixture there is an interaction among three unlike molecules. 
Hence, the original UNIQUAC model was modified to include three ternary 
parameters ascribed to the unlike ternary interaction (11. When a ternary 
mixture degenerates to a binary, these ternary terms vanish. The newly 
modified UNIQUAC model greatly improves the correlation of ternary LLE 
for various ternary mixtures. 

This paper presents some results obtained in the simultaneous correlation 
of ternary VLE and LLE for selected mixtures containing two completely 
miscible binaries and one partially miscible binary. 
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SOLUTION MODEL 

A modification of the UNIQUAC model [l] gives the ternary excess 
molar Gibbs energy and the activity coefficient of component 1 as follows 

(2) 

-4; 

where 2 is the coordination number taken as 10. The segment fraction Cp,, 
the surface fractions ej and @,l, and the binary parameters, T,~, are expressed 

bY 
rixi 

‘i= Cjyixj 

ei= & 
cl*% 

0; = cjq;xj 

aij 
7ij=exp -T 

i ! 

(3) 

(4 

(5) 

(6) 

7231~ T132 and 7123 are ternary parameters to be obtained from ternary 
experimental phase equilibrium data. 

CALCULATED RESULTS AND DISCUSSION 

Binary systems 

The molecular structure constants of the pure components, Y, q and q’, 
were taken from ref. 2 and are shown in Table 1. The value of q’ for 
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TABLE 1 

Molecular structure constants for pure components 

Component r 4 4’ 

Acetonitrile 1.87 1.72 0.95 
Benzene 3.19 2.40 2.40 
n-Butanol 3.45 3.05 0.88 

Ethanol 2.11 1.97 0.92 
Ethyl acetate 3.48 3.12 3.12 
n-Heptane 5.17 4.40 4.40 
Methanol 1.43 1.43 0.96 
n-Propanol 2.78 2.51 0.89 
Water 0.92 1.40 1.00 

acetonitrile was obtained empirically to give better agreement with ternary 
LLE for mixtures containing acetonitrile [3]. Binary VLE and mutual 
solubility data were used to obtain the UNIQUAC parameters. The com- 
puter program used for VLE data reduction is similar to that described by 
Prausnitz et al. [2], minimizing the objective function given by 

N (Pi-Fi)’ 
4= c I 2 

i=l (JP 

where the standard 

+ (T-t)’ + (xli-Jli)2 + (Yli-Pli)2 

4 4 2 
OY 1 

deviations are as follows; up = 1 Torr for pressure; 
u T = 0.05 IS for temperature; a, = 0.001 and 9y = 0.003 for compositions. 
The binary parameters from the mutual solubilitres were obtained by solving 
equations of isoactivity in two-liquid phases for components. The parame- 
ters are given in Table 2 and are used to calculate ternary LLE and VLE. 

Ternary systems 

For the simultaneous correlation of ternary LLE and VLE the following 
objective functions were used to obtain the ternary UNIQUAC parameters 

7231~ T132 and ‘123 

F,= 5 mini$(xip-Zirx)2+ 5 
k i j WI 

F3=f rnin~~(xijk-Pia)Z+ 5 
k i j m 

where a circumflex represents the calculated value and min denotes mini- 
mum values. F2 is for ternary LLE and isothermal VLE data and F3 for 
ternary LLE and isobaric VLE data. Ternary phase equilibrium calculations 
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were performed using three different methods: method I correlates both 
LLE and VLE data simultaneously; method II correlates only LLE data and 
obtained ternary parameters are used to calculate VLE; method III predicts 
LLE and VLE using the binary parameters given in Table 2 without any 
ternary parameters. The ternary parameters were obtained for four systems 
and are listed in Table 3. An optimum-parameter searching program is 
based on the simplex method [14]. The ternary calculated results are given in 
Table 4 and are compared with the experimental results in Fig. 1. Table 4 
shows that the calculated LLE based on binary data alone are not satisfac- 
tory (method III} and the best correlation of ternary LLE data is obtained 
by method II, which sometimes gives a little worse prediction of VLE than 
those of method III. For the acetonitrile-benzene-n-heptane system, meth- 

BENZENE 
A A 

Mole frac,,o” 

ETHANOL 
06 A I\ 04 

WATER Mole tracfmn ETHYL ACETATE 

METHANOL 

WATER Mole froctlo” n- BUTANOL 

WATER Mole troctlon n- BUTANOL 

Fig. 1. Calculated and experimental liquid-liquid equilibria: A, acetonitrile-benzene-n- 
heptane at 45OC 151; 8, water-eth~ol-ethyl acetate at 40° C 171; C, water-methanol-n- 
butanol at 30°C 1121; D, water-ethanol-n-butanol at 25OC (131. O--.--O, Experimental 
tie-line. Calculated: - - -, based on binary data alone; - - -, fitted to ternary LLE data 
only: -, fitted to both ternary LLE and VLE data. 
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TABLE 3 

Ternary constants 

System Temp. Number Method a Ternary parameters Refer- 

(“C) of data 
points 

T231 T132 T123 
ence 

Acetonitrile(1) 
-benzene(2) 
- n-heptane(3) 

45 b 9 b I - 0.1177 0.1825 0.0652 [5] b 

45 ’ 51’ II - 0.0991 - 0.1427 0.3993 [5] c 

Water(l) 40 5 I 0.0003 0.7756 0.3120 [7] 

-ethanol(2) 40 8 II 0.0002 1.5703 0.6051 [7] 
-ethyl acetate(3) 

Water(l) 30 6 I - 4.1029 6.2153 -0.6188 [ll] 

-methanol(2) 85-92 24 II - 0.1141 1.1137 0.1753 [12] 

- n-butanol(3) 

Water(l) 
-ethanol(2) 
- n-butanol(3) 

25 10 I - 3.9887 10.681 -0.6611 [13] 

85-93 21 II - 3.7566 12.292 - 0.5948 [12] 

a Method I correlates both ternary LLE and VLE data. Method II correlates only ternary 
LLE data. 

b Ternary LLE data. 
’ Ternary VLE data. 

ods I and II give nearly the same results. For the other systems, method I 
yields the highest accuracy of vapour-phase mole fraction. 

LIST OF SYMBOLS 

'ij 

F 

5 
E 

4; 
4,: 

ii 
T 

X, 

Yi 
Z 

Greek letters 

UNIQUAC binary interaction parameter related to rjj 
objective function 
excess molar Gibbs energy 
total pressure 
molecular-geometric area parameter for pure component i 
molecular-interaction area parameter for pure component i 
molecular-geometric volume parameter for pure component i 
universal gas constant 
absolute temperature 
liquid-phase mole fraction of component i 
vapour-phase mole fraction of component i 
lattice coordination number, here equal to 10 

activity coefficient of component i 
area fraction of component i in combinatorial contribution 
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TABLE 4 

Ternary calculated results 

System Data Property Method I a Method II b Method III ’ 

type AAMd RMSe AAM RMS AAM RMS 

Acetonitrile(1) 
-benzene(2) 
- n-heptane(3) 

LLE 6x f 
VLE GP(Torr) 

SY,( x 103) 
Sy,( x 103) 
6y,( x 10)) 

Av. 6y( x 103) 

Water(l) LLE Sx 
-ethanol(2) VLE SP(Torr) 
-ethyl acetate(3) SY,( x 103) 

Q2(X103) 
&Ys( x 103) 

Av. Sy( x 103) 

Water(l) 
-methanol(a) 
- n-butanol(3) 

LLE 6x 
VLE ST( o C) 

SY,( x 103) 
SY,(X 103) 
SYs( x 10’) 

Av. 6y( x 103) 

Water(l) 
-ethanol(2) 
- n-butanol(3) 

LLE Sx 
VLE ST(OC) 

6y1(X103) 
SYZ( x 103) 
SY,( x 103) 

Av. 6y( x 103) 

2.36 
5.75 
3.99 
3.61 
4.45 

8.88 
14.23 
10.80 
17.40 
14.10 

0.57 
8.45 
7.38 

12.31 
9.38 

0.60 
9.35 
5.97 

13.35 
9.56 

0.79 0.81 3.06 
3.82 2.93 4.43 4.69 6.61 
7.17 5.53 7.03 7.78 9.72 
4.82 3.36 4.08 4.48 5.76 
5.28 4.78 6.28 7.27 8.74 
5.76 4.56 5.80 6.51 8.07 

2.09 0.72 6.55 
12.45 18.74 20.98 14.06 17.87 
16.89 20.81 22.21 28.61 19.07 
15.24 21.93 26.08 21.65 28.27 
23.27 27.81 32.87 42.00 63.57 
18.47 23.52 27.05 30.75 36.97 

0.55 1.04 2.25 
0.70 1.24 1.47 0.79 0.96 

10.19 24.05 25.38 11.63 13.44 
8.31 16.28 19.33 8.66 10.30 

15.22 12.78 17.54 11.79 15.54 
11.24 17.70 20.75 10.69 13.09 

0.44 0.35 3.89 
0.77 0.98 1.18 0.37 0.53 

11.03 9.72 13.27 12.22 13.89 
7.66 13.30 15.14 4.61 7.03 

16.82 13.50 17.14 12.73 15.93 
11.84 12.17 15.18 9.85 12.28 

a Correlates both ternary LLE and VLE data, 
b Correlates only ternary LLE data. 
’ Uses the binary parameters listed in Table 2. 
d Absolute arithmetic mean deviation between the experimental vahtes and calculated results. 

1 
0.5 

, i =l, 2, 3; j = I, II; k =l,. . ., M. 

t9; 
to the excess molar Gibbs energy 
area fraction of component i in residual contribution to the 
excess molar Gibbs energy 
standard deviations for the pressure, temperature, liquid 
composition and vapour composition measurements, respec- 
tively 

7ij UNIQUAC binary parameter 

rijk UNIQUAC ternary parameter 

‘i segment fraction of component i 
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