
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 28 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Physics and Chemistry of Liquids
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713646857

Phase Equilibria in the Systems Oxolane Vinyl Acetate, Oxolane Ethyl 1,1-
Dimethylethyl Ether and Vinyl Acetate Ethyl 1,1-Dimethylethyl Ether
Jaime Wisniaka; Hugo Segurab

a Department of Chemical Engineering, Ben-Gurion University of the Negev, Beer-Sheva, Israel b

Departamento de Ingeniería Química, Universidad de Concepción, Concepción, Chile

To cite this Article Wisniak, Jaime and Segura, Hugo(2000) 'Phase Equilibria in the Systems Oxolane Vinyl Acetate,
Oxolane Ethyl 1,1-Dimethylethyl Ether and Vinyl Acetate Ethyl 1,1-Dimethylethyl Ether', Physics and Chemistry of
Liquids, 38: 5, 553 — 565
To link to this Article: DOI: 10.1080/00319100008030303
URL: http://dx.doi.org/10.1080/00319100008030303

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713646857
http://dx.doi.org/10.1080/00319100008030303
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phys. Chem. Liq.. 2ooO. Vol. 38, pp. 553-565 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 2000 OPA (Overseas Publishers Association) N.V. 
Published by license under 

the Gordon and Breach Science 
Publishers imprint. 

Printed in Malaysia. 
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Vapor-liquid equilibrium at 94 kPa has been determined for the binary systems oxolane 
(THF) + vinyl acetate, oxolane + ethyl 1.1-dimethylethyl ether (ETBE) and vinyl ace- 
tate + ethyl I ,  I-dimethylethyl ether. The three systems present slight to moderate positive 
deviations from ideal behavior and, to a first approximation, can be considered to be- 
have like regular solutions. An azeotrope is present in the system vinyl acetate + 
ETBE that boils at  340.40K and contains 49.8% mol vinyl acetate. The activity 
coefficients of the systems were correlated reasonable well with its composition by the 
Wohl, Wilson, UNIQUAC and NRTL models. The boiling points of the binary systems 
were correlated with the Wisniak-Tamir equation. 

Keywords: Vapor - liquid equilibrium; ETBE; vinyl acetate; oxolane 

1. INTRODUCTION 

This work is part of our program to determine vapor-liquid equilibria 
(VLE) in systems formed of oxygenates and other organics, mainly 
gasoline components. Phase equilibria data of oxygenated mixtures 
are important for predicting the vapor phase composition that would 
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5 54 J.  WISNIAK AND H. SEGURA 

be in equilibrium with hydrocarbon mixtures. No isothermal or 
isobaric VLE data are available for the three binaries reported here. 

2. EXPERIMENTAL SECTION 

2.1. Purity of Materials 

Ethyl 1,l-dimethylethyl ether (96.0+ mass%) was purchased from TCI 
(Japan) and purified to 99.9+mass% by distillation using a 1-m 
high x 30 mm diameter Normschliffgeratebau adiabatic distillation 
column (packed with 3 x 3 mm SS spirals) working at a 1:lOO reflux 
ratio. Oxolane (99.9 mass%) and vinyl acetate (99.3 +mass%) were 
bought from Aldrich and used without further purification after gas 
chromatography failed to show any significant impurities. The prop- 
erties and purity (as determined by GLC) of the pure components appear 
in Table I. Appropriate precautions were taken when handling ETBE 
in order to avoid peroxide formation. 

2.2. Apparatus and Procedure 

An all glass vapor - liquid equilibrium apparatus model 602, manu- 
factured by Fischer Labor- und Verfahrenstechnik (Bonn, Germany), 
was used in the equilibrium determinations. Details of the equipment 
and its operation appear in a previous publication [l]. The equilibrium 
temperature is measured with a Hart Scientific thermometer, model 
1502, provided with a 4 mm diameter Pt-100 temperature sensor, with 
an accuracy o f f  0.005 K. The total pressure of the system is controlled 
by a vacuum pump capable to work at pressures down to 0.25 kPa. The 

TABLE I Mole percent GLC purities (mass%), refractive index nD at the Na D line, 
and normal boiling points T of pure components 

nD Tb (101.33kPa)lK 
Component (purity/mass%) exptl. lit. exptl. lit. 

oxolane (99.9) 1.4045' 1 .4049b 339.15' 339. 12b 
[298.15K] [298.15K] 

vinyl acetate (99.3) 1.3932' 1.3934b 345.7Ia 345.32' 

ethyl 1,l-dimethylethyl ether (99.8) 1.37594' 1.37564b 345.85a 345.86d 

a Measured; TRC a-6170 [13]. DIPPR [a]; Swamy and Van Winkle [3]; Krahenbiihl and 
Gmehling [14]. 

[298.15 K] [298.15 K] 

[293.15K] [293.15K] 
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VAPOR - LIQUID EQUILIBRIUM 555 

pressure is measured by a Vac Probs with an accuracy of f 0.07 kPa; 
a 5-L Erlenmeyer flask connected between the separating chamber 
and the Vac Probs dampens the pressure variations to  no more than 
0.01 kPa. Samples, taken by syringing out 0.7 mL after the system had 
achieved equilibrium, were analyzed by gas chromatography on a 
DAN1 model GC 1000 apparatus equipped with a thermal conductivity 
detector and a Spectra Physics Model SP 4290 electronic integrator. 
The column was 3 m long and 0.2cm in diameter, packed with SP-2100. 
Injector, detector, and column temperatures for the three binaries were 
(473.15, 493.15 and 313.15) K respectively. Very good separation was 
achieved under these conditions, and calibration analyses using syn- 
thetic mixtures were carried out to convert the peak ratio to the mass 
composition of the sample. The pertinent polynomial fits had a correla- 
tion coefficient R2 better than 0.99. Concentration measurements were 
accurate to better than * 0.005 mole fraction. 

3. RESULTS 

The temperature T and liquid-phase xi  and vapor-phase yi mole 
fraction measurements at P = 94kPa are reported in Tables 11-IV 

TABLE I1 Experimental vapor-liquid equilibrium data for oxolane (1) + vinyl 
acetate (2) at 94.00 kPa 

TIK XI Y l  YI 72 cm3 moI-' cm' moI-' cm3moI-' 
-Bill  - 8 2 2 1  -Biz/  

343.18 
342.83 
342.77 
342.48 
342.28 
342.00 
340.51 
340.44 
340.16 
340.05 
339.98 
339.60 
339.31 
338.54 
338.47 
338.00 
337.34 
336.80 
336.83 

0.000 
0.035 
0.048 
0.081 
0.101 
0.128 
0.303 
0.322 
0.351 
0.374 
0.41 8 
0.460 
0.497 
0.608 
0.617 
0.738 
0.864 
0.959 
1 .ooo 

0.000 
0.046 1.087 
0.059 1.019 
0.101 1.043 
0.129 1.075 
0.151 1.002 
0.343 1.007 
0.391 1.083 
0.397 1.017 
0.419 1.011 
0.467 1.011 
0.505 1.005 
0.564 1.049 
0.649 1.011 
0.662 1.018 
0.771 1.006 
0.887 1.010 
0.966 1.008 
1 .ooo 

1.001 
1.002 
1.002 
0.999 
1.014 
1.033 
0.987 
1.030 
1.033 
1.022 
1.036 
0.990 
1.050 
1.038 
1.045 
1.016 
1.033 

874 
874 
876 
877 
879 
888 
889 
89 1 
89 1 
892 
894 
896 
90 1 
902 
905 
910 
913 

1204 
1205 
1207 
1209 
121 1 
1224 
1225 
1228 
1229 
1229 
1233 
1235 
1 242 
1243 
1247 
1253 
1258 

1071 
1072 
1074 
1075 
1078 
1089 
1089 
1091 
1092 
1093 
1096 
1098 
1104 
1105 
1108 
1113 
1118 
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TABLE I11 Experimental vapor-liquid equilibrium data for oxolane (1) + ethyl 1,l- 
dimethylethyl ether (3) at 94.00 kPa 

TIK XI Yl YI 73 cm3 mo1-I cm' mol-' cm'mot-l 
- & I /  -&/ - 8 1 3 1  

343.47 0.000 
343.08 0.063 
342.43 0.118 
342.30 0.124 
342.27 0.132 
341.57 0.153 
340.87 0.202 
340.04 0.370 
339.68 0.410 
339.00 0.481 
339.15 0.499 
338.80 0.534 
338.38 0.640 
338.40 0.663 
337.90 0.729 
337.82 0.806 
337.76 0.809 
337.75 0.841 
337.40 0.889 
337.48 0.902 
337.38 0.916 
337.28 0.928 
337.27 0.943 
336.83 1.000 

0.000 
0.089 
0.162 
0.165 
0.176 
0.199 
0.252 
0.439 
0.476 
0.536 
0.549 
0.581 
0.682 
0.705 
0.763 
0.826 
0.829 
0.857 
0.899 
0.910 
0.921 
0.933 
0.946 
1 .ooo 

1.166 
1.155 
1.124 
1.128 
1.124 
1.101 
1.074 
1.062 
1.041 
1.023 
1.023 
1.015 
1.012 
1.012 
0.993 
0.995 
0.990 
0.993 
0.988 
0.988 
0.991 
0.989 

0.984 872 
0.981 876 
0.988 877 
0.985 877 
1.003 882 
1.016 886 
0.991 89 I 
0.999 894 

1.030 897 
1.041 900 
1.037 903 
1.027 902 
1.043 906 
1.073 906 
1.073 907 
I .078 907 
1.103 909 
1.111 909 
1.141 909 
1.133 910 
1.154 910 

1.028 898 

1385 
1392 
1393 
1394 
1401 
1409 
1419 
1423 
1430 
1429 
1433 
1438 
1437 
1443 
1444 
1445 
1445 
1449 
1448 
1449 
1451 
1451 

1063 
1069 
1070 
1070 
1075 
1081 
1088 
1091 
1096 
1095 
1098 
1102 
1101 
1106 
1106 
1107 
1107 
1110 
1109 
1110 
1111 
1111 

TABLE IV Experimental vapor-liquid equilibrium data for vinyl acetate (2) + ethyl 
1,l-dimethylethyl ether (3) at 94.00 kPa 

343.47 0.000 0.000 
343.65 0.016 0.024 1.496 0.986 1197 1378 1078 
341.84 0.141 0.181 1.357 1.003 1213 1398 1092 
340.65 
340.47 
340.27 
340.28 
340.32 
340.49 
340.41 
340.30 

0.280 
0.352 
0.445 
0.447 
0.467 
0.487 
0.501 
0.572 

0.322 
0.38 1 
0.456 
0.454 
0.472 
0.493 
0.503 
0.550 

1.263 
1.194 
1.137 
1.127 
1.120 
1.114 
1.108 
1.065 

1.029 
1.050 

1.093 
1.095 
1.087 
1.098 
1.164 

1.085 

1223 1412 
1225 1414 
1227 1416 
1227 1416 
1226 1415 
1225 1413 
1225 1414 
1226 1416 

102 
103 
105 
105 
105 
103 
104 
105 

340.35 0.638 0.623 1.078 1.153 1226 1415 1 I04 
340.53 0.639 0.608 1.044 1.195 1224 1413 1103 
340.78 0.721 0.676 1.020 1.270 1222 1410 1101 
341.00 0.755 0.710 1.015 1.286 1220 1408 1099 
341.16 0.771 0.724 1.007 1.303 1219 1406 1098 
341.10 0.802 0.757 1.014 1.331 1219 1407 1098 
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VAPOR-LIQUID EQUILIBRIUM 557 

TABLE IV (Continued) 

342.54 0.919 0.887 0.987 1.451 1207 1391 1087 
342.73 0.934 0.905 0.984 1.489 1205 1389 1085 
342.86 0.948 0.923 0.984 1.526 1204 1387 1084 
342.93 0.948 0.924 0.983 1.503 1203 1386 1083 
343.45 0.976 0.964 0.979 1.520 1199 1381 1079 
343.18 1.000 1.000 

344 3 
343 - 

342 - 

341 - 

b! -- 340 - + 

339 - 

338 - 

337 - 

336 + 
0.0 0.2 0.4 0.6 0.8 1 .0 

X I ' Y I  

FIGURE 1 Experimental data for the system oxolane (1) + vinyl acetate (2) at 
94.00kPa. Experimental data (0).  Smoothed data using the regular model, Eq. (4), with 
the A parameter given in Table VI (-). 

and Figures 1-6, together with the activity coefficients yi that were 
calculated from the following equation [2] 
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1.10 

1.05 

Y, 

1 .oo 
. 

I 

0 
0 

I 1 I I 

0.0 0.2 0.4 0.6 0.8 1 .o 
XI 

FIGURE 2 Activity coefficient plot of the system oxolane (1) + vinyl acetate (2) at 
94.00 kPa. Experimental data (0 ,o) .  Smoothed data using the regular model, Eq. (4), 
with the A parameter given in Table VI (-). 

where T and P are the boiling point and the total pressure, Vf is the 
molar liquid volume of component i, is the pure component vapor 
pressure, Bii and Bii are the second virial coefficients of the pure gases, 
B, the cross second virial coefficient and 

The standard state for calculation of activity coefficients is the pure 
component at the pressure and temperature of the solution. Equa- 
tion (1) is valid at low and moderate pressures when the virial equation 
of state truncated after the second coefficient is adequate to describe 
the vapor phase of the pure components and their mixtures, and liquid 
volumes of the pure components are incompressible over the pressure 
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344 , 
343 

342 

34 1 

z 
1 340 
I-. 

339 

338 

337 

336 I I I I I 

0.0 0.2 0.4 0.6 0.8 1 .0 

X I ’ Y I  

FIGURE 3 Experimental data for the system oxolane (1) + ETBE (3) at 94.00kPa. 
Experimental data (a). Smoothed data using the regular model, Eq. (4), with the A 
parameter given in Table VI (-). 

range under consideration. The pure component vapor pressures F$‘ 
were calculated according to the Antoine equation: 

Bi 
( T / K )  - Ci 

log(e/kPa) = A j  - (3) 

where the Antoine constants A;, Bi and Ci are reported in Table V. The 
pure component vapor pressure for vinyl acetate was taken from 
Swamy and Van Winkle [3] and for ETBE from Reich et al. [4]. The 
molar virial coefficients Bjj  and Bii were estimated by the method of 
Hayden and O’Connell[5] using the molecular parameters suggested by 
the authors and assuming the association parameter 7 to be zero for 
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0 
0 

1.15 

1.10 
Y, 

1.05 

1 .00 

0 
0 
0 

0.0 0.2 0.4 0.6 0.8 1 .o 

X I  

FIGURE 4 Activity coefficient plot of the system oxolane (1) + ETBE (3) at 94.00 kPa. 
Experimental data ( 0 , o ) .  Smoothed data using the regular model, Eq. (4), with the 
A parameter given in Table VI (-). 

mixtures of ETBE. Physical properties for pure components were taken 
from DIPPR [6] and liquid volumes were approximated using the 
Rackett equation [7]. The last two terms in Eq. (l), particularly the 
second one that expresses the correction due to the non-ideal behavior 
of the vapor phase, contributed between 1 to 3% to the activity co- 
efficients of the three binary systems; in general, their influence was 
important only at very dilute concentrations. The calculated activity 
coefficients are reported in Tables 11-IV and are estimated accurate 
to within f 3%. The results reported in these tables indicate that the 
binary systems containing oxolane show small deviations from ideal 
behavior, while the system vinyl acetate(2) + ETBE(3) deviates moder- 
ately from ideality and presents an azeotrope that boils at 340.40 K and 
contains 49.8 % mole vinyl acetate. The vapor-liquid equilibria data 
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344 

343 

z 
1 342 
b 

34 1 

340 
0.0 0.2 0.4 0.6 0.8 1 .0 

X I ' Y I  

FIGURE 5 Experimental data for the system vinyl acetate (2) + ETBE (3) at 
94.00kPa. Experimental data (a). Smoothed data using the regular model, Eq. (4), 
with the A parameter given in Table VI (-). 

reported in Tables I1 - IV were found to be thermodynamically 
consistent by the L-W point-to-point and area method of Wisniak [8], 
except at the very dilute ends and the point-to-point method of Van 
Ness et al. [9] as modified by Fredenslund et af. [lo]. For the three sets 
of data, Fredenslund's test consistency criteria was met using a one 
parameter Legendre polynomial, or symmetric model, which reduces 
the functionality of the excess Gibbs energy GE to the following relation 

GE = A x ~ x ~  (4) 

Pertinent statistics, including the value of parameter A in Eq. (4) for 
each binary system, are presented in Table VI. In addition, it was 
found that the residuals of the Fredenslund test were randomly 
distributed, as measured by the Durbin-Watson statistic. 
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1.6 

1.4 

Y, 

1.2 

0.0 0.2 0.4 0.6 0.8 1 .0 

XI 

FIGURE 6 Activity coefficient plot of the system vinyl acetate (2) + ETBE (3) at 
94.00kPa. Experimental data (e, 0) .  Smoothed data using the regular model, Eq. (4), 
with the A parameter given in Table VI (-). 

TABLE V Antoine coefficients, Eq. (3) 

Compound Ai Bi Ci 
oxolane' 6.12142 1 203.1 10 46.80 
Vinyl acetateb 6.52501 1349.872 46.63 
ethyl 1,l-dimethylethyl ether' 5.96651 11  51.730 55.06 

~ ~ _ _ _ _ _ _ ~  

a TRC k-6170 [13]; Fitted from the data of Swamy and Van Winkle [3]; ' Reich ef a/. (41. 

TABLE VI Consistency test statistics for the binary systems oxolane (1) + vinyl 
acetate (2), oxolane (1) + ETBE (3) and vinyl acetate (2) + ETBE (3) 

System A" 100 x Ayb APIKPA 

1 + 2  0.092 0.65 0.23 
1 + 3  0.107 0.45 0.65 
2 + 3  0.388 0.53 0.67 

a Zero th order Legendre polynomial (or Porter model) parameter in Eq. (4); Average absolute 
deviation in vapor phase mole fractions Ay = I/NCE, l ~ ; ' ~ ' '  - flIcI (N : number of data points); 
Xverage absolute deviation in pressure A f  = l/NC;, If - f OalCl. 
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Table VIshows that the model of Eq. (4) gives a good representation 
of the data of the system and, that according to it, the three binaries may 
be assumed, to a first approximation, to behave like regular solutions. 

The activity coefficients of the vinyl acetate + ETBE system were 
correlated well with the Wohl, NRTL, Wilson and UNIQUAC equa- 
tions [l l]. Pertinent parameters were obtained by minimizing the fol- 
lowing objective function (OF) 

and are reported in Table VJI, together with the relative deviation of 
equilibrium pressures and mole fractions. Inspection of the results 
given in Table VII shows that the four models fitted the binaries 
reasonable well. Table VII also includes the prediction based on the 
UNJFAC group contribution method [lo, 121, which results less accu- 
rate than previous models, particularly for the system vinyl acetate 
(2) + ETBE (3). 

It should be noted that the closeness of the boiling points of the pure 
components, compounded with the experimental error and the fact 
that the solutions are near ideal, is reflected in the dispersion between 
predicted and experimental values, as seen in the figures. 
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