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Abstract 

Vapour-liquid equilibrium data for the ternary ethanol + acetonitrile + acetone system at 
45°C have been measured using a modified Boublik recirculating still. The experimental 
results are analysed by use of two activity coefficient models with binary parameters alone: 
UNIQUAC associated-solution and extended UNIQUAC. The former gives smaller deviations 
between experimental 
latter. 

and calculated vapour composition and pressure values than does the 
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Greek letters 

Superscript 

* 

INTRODUCTION 

I. Nagata and K Miyazaki/ Irhermochim Acia 206 (1992) 285-296 

molar liquid volume of pure component I 
true molar volume of alcohol mixture 
true molar volume of pure alcohol liquid 
liquid-phase mole fraction of component I 
vapour-phase mole fraction of component I 
coordination number equal to 10 

activity coefficient of component I 
area fraction of component I 
standard deviations in pressure, temperature, liquid- 
phase, and vapour-phase mole fractions 
binary parameter as defined by exp(-a,J/T) 
vapour-phase fugacity coefficient of component I at sys- 
tem temperature T and pressure P 
vapour-phase fugacity coefficient of pure component I at 
system temperature 2” and saturation pressure P,S 
segment fraction of ethanol monomer in mixture 
segment fraction of ethanol monomer in pure ethanol 
segment fractions of acetonitrile and acetone monomers 

reference state of 50°C 

The thermodynamic properties of ternary alcohol mixtures have been 
studied in this laborato~. As part of the programme of experimental 
studies of ternary mixtures containing one alcohol and two polar nonassoci- 
ating components, this work reports vapour-liquid equilibrium (VLE) 
results for the ethanol + acetonitrile -I- acetone system at 45°C and the 
experimental data are compared with those calculated from the UNIQUAC 

associated-solution and extended UNIQUAC models [1,2]. The VLE of the 
three binary systems constituting the ternary system are available from the 
literature: ethanol + acetonitrile at 40°C [3]; ethanol + acetone at 50°C [3]; 
acetonitrile + acetone at 45°C [4]. 

EXPERIMENTAL 

C.P. Ethanol was distilled in a glass column packed with McMahon 
packing after drying over calcium oxide. Acetonitrile (Wako Pure Chemical 
Industries Ltd., guaranteed reagent grade) was used as received. Acetone 
(Wako Pure Chemical Industries Ltd., special grade) was fractionated after 
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TABLE 1 

Densities and vapour pressures of pure components 

Component 

Ethanol 
Acetonitril~ 
Acetone 

Density at 25°C (g mol-‘1 

Obs. Lit. [S] 

0.78509 0.78504 
0.77661 0.7766 
0.78442 0.78440 

Vapour pressure at 45°C (mmHg) 

Obs. Lit. IS] 

174.0 173.68 
208.3 208.35(6) 
509.1 509.08 

drying over calcium chloride. Densities of the compounds used were 
measured with an Anton Paar densimeter (DMA40). The measured densi- 
ties and vapour pressures of the compounds compare well with the litera- 
ture values as shown in Table 1 [5,6]. 

Vapour-liquid equilibrium data were obtained using a modified Boublik 
recirculating still as described previously 171. Compositions of the liquid 
and vapour-phase samples were analysed using a gas chromatograph 
(Shimadzu GC-7A) and an electronic integrator (Shimadzu Chromatopac 
E-1B). The experimental errors of the measured variables were 0.16 Torr 
for pressure; 0.05 K for temperature; 0.002 for liquid and vapour mole 
fractions, 

RESULTS AND DATA ANALYSIS 

The ternary experimental VLE results of the ethanol + acetonitrile + 
acetone system at 45°C are given in Table 2, together with the activity 
coefficients yI and the fugacity coefficients qb, calculated with eqns. (1) 
and (2). 

P& YI 
(1) 

In &= 
i (2) 

where P is the total pressure, y, the vapour-phase mole fraction, x1 the 
liquid-phase mole fraction, Pf the pure-component vapour pressure and 
YIL the pure-liquid molar volume estimated by the modified Rackett 
equation [S]. The second virial coefficients B, were calculated from the 
method of Hayden and O’Connell [9]. 

The experimental data were correlated by the UNIQUAC associated-solu- 
tion 117 and extended UNIQUAC models [2]. The models give the activity 
coefficients of components as follows. 

UNIQUAC associated-solution model 

According to the model assumptions, ethanol molecules (A) form open 
chains A, (A,_* + A, = Ai) and chemical complexes A,B and A,C with 
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acetonitrile (B) and acetone (C) (A, + B, = A,B and A, + C, = AC). The 
equilibrium constants of the three reactions are assumed to be independent 
of the degree of association and are given by 

=Kz exp[->($-&-)I (3) 

(4) 

where @Ai, (DAi+l, @‘Al, QAia, am, QAi, and Qc,,, are the segment fractions 

of Ai> Ai+r> A,, AiB, B,, A,C and C,, respectively; h,, h, and h, are 
the enthalpies of hydrogen bonding and complex formation. yr is the 
molecular size parameter of pure component I. 

+qB l-ln(FeJiJB)- f: ;;a 

K 1 

(6) 

(7) 

where 2 is the coordination number set as 10 and the segment fraction @r, 
the surface fraction 8, and the binary adjustable parameter 7JI related to 
the energy parameter a,, are expressed by 

@I = rEXI/ I!%5 (8) 
J 
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4 = WI/ C4JXJ 
J 

(9) 

TJI = exp( -aJI/T) (10) 
In yc of acetone (C) is given by changing the subscript B to C in eqn. (7). 

The monomer segment fractions <pAI, ani and @c, are obtained by 
simultaneous solution of eqns. (11-13). 

(11) 

(12) 

(13) 

The true molar volume of the ternary mixture V is 

KABrB@A1 @‘cl 

(1 -K&41) + rc I -I 

If aA = 1, QAl and I’ reduce @z and VT. 

@A”; = [2K, + 1 - (1 + 4KA)0’5]/2K; (15) 

1 (1 - K4QA1) - = 
YF rA 

(16) 

The values of r and q were estimated from the method of Vera et al. 
m. 

Extended UNIQUAC model 

The activity coefficient of component I is expressed by 

(l7) 

K 

The values of r, q and q’ were taken from Prausnitz et al. [ll] and Nagata 
[2]. These values are given in Table 3. 
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TABLE 3 

Pure-component molecular structural parameters 

Component UNIQUAC associated-solution Extended UNIQUAC 

r 4 r 4 

Ethanol 1.69 1.55 2.11 1.97 

Acetonitrile 1.50 1.40 1.87 1.97 
Acetone 2.06 1.85 2.57 2.34 

4’ 

0.92 

q”.* 
q”.2 

The binary VLE data were reduced by minimizing the objective function 

F= 5 pi-Q2 + pi-q2 + (h-x”1J2 + (YldlJ2 

i=l [ 4 4 a,2 2 
aY 1 

IO - 

‘0 - 

O- 

O- 

4- 
a 

3- 

2- 

I-( 

0. ( 

I I I I 

* 

I I I I I 
I 0. 2 0. 4 0. 6 0. 8 1. 0 

Mole fraction of component1 

Fig. 1. Vapour-liquid equilibria for ethanol (1) +acetonitrile (2) at 40°C. (- ) Calcu- 
lated from the UNIQUAC associated-solution model. Experimental: (0) liquid-phase mole 
fraction; (A ) vapour-phase mole fraction. 
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Fig. 2. Vapour-liquid equilibria for ethanol (1) + acetone (2) at 50°C. (- 1 Calculated 
from the UNIQUAC associated-solution model. Experimental: (0) liquid-phase mole fraction. 

where a circumflex denotes the calculated value, and the standard devia- 
tions of the measured variables are ap = 1 Torr for pressure; aT = 0.05 K 
for temperature; a; = 0.001 for liquid mole fraction; oY = 0.003 for vapour 
mole fraction. The computer program used is similar to that described by 
Prausnitz et al, 1111. In the binary and ternary data reduction the pure 
component vapour pressures were taken from the literature [5,6]. 

The association parameters for ethanol are KA = 110.4 at 50°C [12] and 
h, = -23.2 kJ mol-’ 1131. The solvation constant and the enthalpy of 
complex formation are as follows: ic, = 50 at 40°C and h,, = - 17 kJ 
mol-’ [l] for ethanol + acetonitrile; KAc = 35 at 50°C and hAc = -21 kJ 
mol-l for ethanol + acetone. 

Table 4 gives the binary calculated results. Figures 1 and 2 compare the 
calculated values derived from the UNIQUAC associated-solution model with 
the experimental results for the ethanol + acetonitrile and ethanol + 
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TABLE 5 

Ternary calculated results for the ethanol (1) + acetonitrile (2) + acetone (3) system at 
45°C 

Deviation Model a Vapour mole fractions Pressure 

6Y1 
(x 103) $103) 

6Y3 SP SP/P 
(x 103) CmmHd (o/o) 

Absolute mean I 1.6 4.2 4.2 1.94 0.59 
II 2.5 4.1 4.9 3.02 0.89 

Root mean square I 1.9 5.8 5.3 2.82 0.89 
II 3.1 5.6 6.0 3.79 1.12 

a I, UNIQUAC associated-solution model; II, extended UNIQUAC model. 

acetone systems. All the three systems show positive deviations from 
Raoult’s law. 

Table 5 shows the ternary predicted results based on the binary parame- 
ters. The UNIQUAC associated-solution model gives the smaller deviations in 

ACETONITRILE 

l Liquid 

* Vapor 

- Exptl. 

-- Calc. 

Fig. 3. Equilibrium tie-lines: calculated values are obtained from the UNIQUAC associated- 
solution model. 
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the vapour compositions and pressure than the extended UNIQUAC model, 
showing that agreement is good. In Table 2 the predicted values based on 
the UNIQUAC associated-solution model are given and nos. 10, 11, 13-20 
data points show that the experimental activity coefficients of acetone are 
less than unity and the UNIQUAC associated-solution model (the extended 
UNIQUAC model also) is able to predict these values quite well. The 
calculated tie-lines are illustrated with the experimental results in Fig. 3. 
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