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ABSTRACT 

Gupta, S.K., Rawat, B.S., Goswami, A.N., Nanoti, S.M. and Krishna, R., 1989. Isobaric 
vapour-liquid equilibria of the systems: benzene-triethylene glycol, toluene-triethylene 
glycol and benzene-N-methylpyrrolidone. Fluid Phase Equilibria,: 46: 95-102. 

Isobaric vapour-liquid equilibria have been determined at 101.325 kPa for three binary 
mixtures: benzene-triethylene glycol, toluene-triethylene glycol and benzene-N-methylpyr- 
rolidone. The data have been correlated with reasonable accuracy using the NRTL, Wilson 
and UNIQUAC equations using a non-linear regression approach based on the maximum- 
likelihood principle. 

INTRODUCTION 

Triethylene glycol (TEG) and N-methylpyrrolidone (N-MP) are used 
industrially as solvents for the selective removal of aromatic hydrocarbons 
such as benzene and toluene from naphtha (Somekh, 1963; Muller and 
Hoehfeld, 1971). The vapour-liquid equilibrium (VLE) data for binary 
mixtures of benzene-TEG and toluene-TEG are not available in the 
literature; for the mixture benzene-N-MP, isothermal VLE data are re- 
ported by Fabries et al. (1977) at temperatures ranging from 20 to 100°C 
and by Gierycz et al. (1985) for 60.1 and 80°C. 

Knowledge of VLE data is required for the design of extractive distilla- 
tion and solvent recovery columns in the separation processes of aromatics, 
and it is the objective of the present paper to generate isobaric VLE data for 
the three binary mixtures mentioned. 

* To whom all correspondence should be addressed. 

0378-3812/89/$03.50 © 1989 Elsevier Science Publishers B.V. 



96 

EXPERIMENTAL DETAILS 

Chemicals 

Pure benzene and toluene were obtained from BDH, India. TEG and 
N-MP were procured from Aldrich Chemicals, U.S.A., and BDH Chemicals, 
U.K., respectively. TEG and N-MP were distilled under vacuum and their 
middle fractions were collected for use in the study. The purities of all the 
above chemicals were checked by measuring their densities and refractive 
indices, which indicated a minimum purity of 99%. 

Experimental procedure 

For all three systems the VLE data were determined in a Smith and 
Bonner still (Smith and Bonner, 1949). The still was slightly modified by 
providing a closed magnetic stirrer. The procedural details have been de- 
scribed earlier by Rawat et al. (1980). 

Analysis of TEG in the vapour phase 

Since there is a large difference between the boiling points of TEG and of 
the hydrocarbons used, the amount  of TEG present in the vapour phase was 
so small that is posed a problem of analysis. Therefore, a titration method 
(Gyenes, 1967) was used; this involved the acetylation of the hydroxyl 
groups by acetic anhydride in the presence of perchloric acid, which acted as 
a catalyst. Ethyl acetate was used as a solvent. The detailed procedure is 
reported in the literature (Fritz and Schenk, 1959; Gyenes, 1967). About  2 
ml of the vapour sample were collected in a conical flask after equilibrating 
the phases for about 3 h. The sample was titrated as indicated above. The 
method is sensitive enough to determine small traces of glycols to an 
accuracy of about _+ 0.4%. This accuracy was verified using various synthetic 
mixtures prepared in the concentration range 0.1-5.0 wt.% TEG. 

Analysis of N-MP 

The concentration of N-MP in the vapour phase was determined by a 
gas-liquid chromatographic technique. The accuracy of the values de- 
termined was checked by analysis of synthetic mixtures. 

RESULTS AND DISCUSSION 

The VLE data (P,  t, x, y) for all three binaries are presented in Table 1. 
For phase equilibrium data reduction, the following thermodynamic relation 
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was used 

d p i y i p =  yixi~b~Pi s exp[v/h(P - P i S ) / R T ]  (1) 

The data of the three binaries were correlated by NRTL (Renon and 
Prausnitz, 1968). Wilson (1964) and UNIQUAC (Abrams and Prausnitz, 
1975) equations. The correlation parameters for these equations were ob- 
tained following the procedure described by Prausnitz et al. (1980) using a 
non-linear regression approach based on the maximum-likelihood principle. 
The best correlation parameters in each case were obtained by minimizing 
the following objective function, S 

m c e) 2 S= E (pie--Pie)2 (T/ - T/e) 2 (xC-xi (2)  

i=1 (I2 4- 02  q- 02 

The superscripts c and e indicate calculated and experimental values respec- 
tively. The estimated variances in pressure, temperature and liquid phase 
mole fraction are calculated using the values 

o e = 1 mmHg o T = 0.05 ° C o x = 0.001 (3) 

In the regression, the vapour phase compositions were not included in view 
of the fact that the concentration of high boiling-point constituents in the 
vapour phase is very small and consequently subject to large relative errors. 

The second virial coefficients required for calculating the vapour phase 
fugacity coefficients in eqn. (1) were calculated using the method of Hayden 
and O'Connell (1975); the physical properties of pure components used in 
this calculation step are presented in Table 2. The properties for benzene 
and toluene were taken from the literature (Gmehling et al., 1980; Prausnitz 
et al., 1980). For TEG and N-MP the properties taken from the literature 
included the dipole moment (Riddick and Bunger, 1970), UNIQUAC struc- 
tural parameters (Sorensen and Arlt, 1979), solvation and association 
parameters (Fredenslund et al., 1977) and Antoine constants (Marsden, 
1963; Gierycz et al., 1985). The critical constants for N-MP and TEG were 
calculated using the method of Hakuta and Hirata (1970). The radius of 
gyration values for N-MP and TEG were calulated using the method 
suggested by Fredenslund et al. (1977). The liquid molar volumes of the pure 
components required in eqn. (1) were calculated at the desired temperatures 
using values of the critical compressibility factor (Table 2) in the Rackett 
equation (Rackett, 1970). 

The calculated correlation parameters for the three binaries corresponding 
to NRTL, Wilson and UNIQUAC equations are presented in Table 3, 
together with the corresponding values of the root mean square deviations. 
As seen from Table 3 the results of benzene-TEG, toluene-TEG and 
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T A B L E  3 

Correlation parameters for the systems studied 

System Equation Parameter t a p a x a y a 
(K) (° C) (mmHg) (mole (mole 

fraction) fraction) 

Benzene N R T L  Ag12/R 1309.53 0.21 3.70 0.0028 0.0005 
- T E G  Ag21/R - 245.27 

a 0.22 

Wilson AXa2/R 164.25 0.36 6.68 0.0098 0.0005 
AX21/R 1759.36 

U N I Q U A C  Au12/R 213.77 0.17 3.18 0.0027 0.0005 

Au21//R - 1.27 

Toluene N R T L  Aga2/R 177.09 0.22 4.36 0.0024 0.0008 
- T E G  AgE1/R 357.55 

a - 1.04 

Wilson AX12//R 284.96 0.20 3.95 0.0062 0.0008 
A?~21/R 1158.25 

U N I Q U A C  Aul2/R 159.26 0.30 5.86 0.0024 0.0008 
Au21/R 40.16 

Benzene N R T L  A g12/R 61.63 0.09 1.76 0.0019 0.0043 
N-MP Ag21/R 57.62 

a - 6.26 

Wilson AX12/R 63.32 0.13 2.41 0.0023 0.0036 
Ah21/R 114.62 

U N I Q U A C  Au12/R -44 .23  0.14 2.48 0.0024 0.0036 
Au21/R 112.78 

a Root  mean square deviation. 

benzene-N-MP systems are best represented by UNIQUAC, Wilson and 
NRTL equations, respectively. Considering the large differences in boiling 
points of the binary systems, the deviations are within an acceptable range. 

LIST OF  SYMBOLS 

Ag 12, Ag m 

m 
P 
Pc 
q 
r 

NRTL parameters (J mo1-1) 
number of experimental points 
pressure (mmHg) 
critical pressure (bar) 
UNIQUAC area parameter 
UNIQUAC volume parameter 
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R 
RD 
S 
t 
T 
To 
/3 

X 

Y 
zo 

gas constant 
mean radius of gyration (.~) 
objective function, eqn. (2) 
temperature (° C) 
absolute temperature (K) 
critical temperature (K) 
liquid molar volume (m 3 mol-1) 
liquid phase mole fraction 
vapour phase mole fraction 
critical compressibility factor 

Greek Letters 

o/ 

3, 
AU 12, mu 21 

A~kl2, Ah21 
r/ 

o .2 

¢ 

NRTL parameter 
activity coefficient 
UNIQUAC parameters (J mol-1) 
Wilson parameters (J mol-1) 
association parameter 
dipole moment (D) 
variance 
fugacity coefficient 

Superscripts 

c calculated value 
e experimental value 
s saturated condition 

Subscripts 

i ith component 
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