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Abstract. Isobaric vapour—iquid equilibrium (VLE) was measured for the system toluene + p-
xylene + 1,2-dichloroethane and for constituent binaries at pressures 26.66, 53.33, 79.99, and
101.32 kPa. A modified Wilson equation with a linear temperature dependence of the main
parameters (4; — 4;) was used to correlate the binary VLE data and to predict those of the ternary
system. Excess functions of the ternary system at 298.15 K were compared.
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INTRODUCTION

Knowledge of multicomponent vapour—iquid equilibrium (VLE) data is
important in the design of equipment for separation processes. In addition, such
experimental information can be used to test and develop prediction correlations.
The purpose of this study was to determine VLE for the ternary system
toluene + p-xylene + 1,2-dichloroethane and for three constituent binaries at four
constant pressures, 26.66, 53.33, 79.99, and 101.32 kPa. A Wilson equation [1]
whose main parameters (4; —4;) were assumed to be a linear function of
temperature was used to obtain afit of binary VLE data. As a continuation of our
previous investigation [2], the possibility of predicting the behaviour of the
ternary system from three binaries was checked. It appears that the ternary
system toluene + p-xylene + 1,2-dichloroethane has not been studied earlier.

* Corresponding author, siimer@chemnet.ee
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EXPERIMENTAL

All the substances used in this work were the same as in our earlier work [3].
Toluene and p-xylene (“purum” grade) were twice distilled. 1,2-Dichloroethane
(“puriss’ grade) was used without further purification. Densities and refractive
indices of pure liquids at 298.15 K agree well with the literature values, as seen
from Table 1.

The boiling temperature (T)Hiquid phase composition (Xx) equilibrium was
measured in a semi-micro ebulliometer [6]. Uncertainties of the boiling temperatures
were estimated to be less than 0.05 K, and those of the mole fractions composition of
theliquid mixturelessthan 5 x 107,

The T—x results for the binary systems toluene + p-xylene, toluene + 1,2-dichloro-
ethane, and p-xylene + 1,2-dichloroethane obtained in thiswork arelisted in Table 2.

The T-x datain binary systems were fitted with the Wilson modd [1] in theform

Ay A
Iny; =—In(x -4, ) | 1
ny, n(XI A|kxk)+Xk|:Xi +Aikxk Xk+AkiXi:| ( )

where y,; isthe activity coefficient of component i in the liquid phase and 4;,
and A,; areexpressed as

Ay =exp |:aik +%} , (2
A =exp |:aki +%} , )

including in the parameters a, and b, molar volumes of components and the
gas constant [2].

The vapour pressures of pure components P° needed for VLE calculation
were calculated by the Antoine equation

B

: (4)

|n(F’|/kPa)=A _T/K—_}_C_.

Table 1. Densities (d) and refractiveindices (n,) of pure components at 298.15 K

Component d, kgm™ n,
Exp. | Lit Exp. Lit.
Toluene 862.2 862.19° 1.4940 1.49413°
p-Xylene 856.7 856.6" 1.4930 1.4931°
1,2-Dichloroethane 1246.3 1246.372 1.4419 1.44212
&—from [4]
®_ from[5]
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Table 2. Isobaric vapour-iquid equilibria data: liquid phase mole fraction (x) and boiling
temperature (T) in binary systems

P = 26.66 kPa P =53.33 kPa P =79.99 kPa P=101.32 kPa
X, T,K X, T,K X, T, K X, T,K
Toluene (1) + p-xylene (2)
0.000 367.78 0.000 389.00 0.000 402.85 0.000 411.49
0.195 361.80 0.195 382.69 0.195 396.49 0.195 404.97
0.227 360.66 0.227 381.63 0.227 395.40 0.227  404.09
0.282 358.86 0.282 379.89 0.282 393.57 0.282  402.06
0.390 355.95 0.390 376.85 0.390 390.46 0.390 398.91
0.396 355.41 0.396 376.24 0.396 389.90 0.396  398.32
0.499 353.01 0.499 373.67 0.499 387.27 0.499 395.64
0.589 350.84 0.589 371.46 0.589 384.90 0589 393.26
0.680 348.90 0.680 369.33 0.680 382.68 0.680  390.97
0.785 346.66 0.785 367.06 0.785 380.27 0.785  388.53
0.867 345.36 0.867 365.47 0.867 378.61 0.867  386.77
0.903 344.29 0.903 364.35 0.903 377.56 0.903 385.73
1.000 342.65 1.000 362.63 1.000 375.66 1.000 383.76
Toluene (1) + 1,2-dichloroethane (2)
0.000 319.22 0.000 337.45 0.000 349.29 0.000 356.63
0.110 320.79 0.108 339.03 0.106 350.96 0.104 358.38
0.205 322.45 0.206 340.95 0.207 352.98 0.208  360.49
0.284 323.67 0.279 342.06 0.274 354.16 0.269 361.65
0.391 325.86 0.392 344.74 0.393 357.03 0.394  364.58
0.483 327.54 0.481 346.42 0.478 358.79 0.475  366.49
0.596 330.81 0.602 350.14 0.608 362.63 0.615 37042
0.695 333.22 0.697 352.65 0.699 365.29 0701 37317
0.781 336.01 0.787 355.55 0.793 368.31 0799 376.27
1.000 342.65 1.000 362.63 1.000 375.66 1.000 383.76
p-Xylene (1) + 1,2-dichloroethane (2)

0.000 319.22 0.000 337.45 0.000 349.29 0.000 356.63
0.100 321.40 0.098 339.62 0.095 351.54 0.093 358.95
0.199 323.46 0.194 342.11 0.189 354.23 0.184 361.79
0.292 325.89 0.291 344.86 0.290 357.32 0.289 365.11
0.326 327.29 0.322 346.15 0.318 358.61 0.314 366.32
0.377 329.72 0.382 349.03 0.387 361.63 0.392 369.48
0.464 332.78 0.468 352.33 0.472 365.22 0476 37317
0.555 337.01 0.558 356.49 0.561 369.68 0564 377.73
0.677 343.76 0.612 359.44 0.615 372.69 0.618 380.75
0.767 349.02 0.676 363.52 0.675 376.75 0.674  384.98
1.000 367.78 0.718 364.54 0.702 377.19 0.686  384.06

0.767 368.98 0.767 382.79 0.767 39110
1.000 389.00 1.000 402.85 1.000 411.49

The values of the constants A, B,, and C, aregivenin Table 3.

The values of the coefficients a, and b, of Egs. 2 and 3, calculated by the
Newton iteration method, together with the mean absolute relative error of
pressure (AP) arelisted in Table 4.
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Table 3. Constants for the Antoine vapour pressure equation (Eq. 4)

Component Temperature Constants
region, K
“ A ] 8 | ¢
Toluene 343-384 14.08406 3148.177  -51.172
p-Xylene 368411 13.82595 3178599  -66.279
1,2-Dichloroethane 319-357 14.5197 3117.876  —41.736

Table 4. Fitted coefficients of the modified Wilson equation (Egs. 2, 3) and calculated absolute
mean error (AP) of pressure for binary systems

System (1)+(2) | ap b | ay | by AP, %
Toluene + p-xylene -0.35434  118.040 0.43197 -124.937 0.32
Toluene + 1,2-dichloroethane 0.04946  -15.449 0.17245 —67.618 0.63

p-Xylene+ 1,2-dichloroethane  —-0.10223  —44.134 0.71791  -168.002 135

VLE datafor the system toluene + p-xylene were reported at a temperature of
363.15 K by Wichterle[7], at normal pressure by Schmelzer & Wolf [8] and by
Sartakovaet al. [9], and at 101.59 kPa by Kutsarov et al. [10]. It can be seen from
Fig. 1 that the data presented here are in the best agreement with those obtained
by Schmelzer & Wolf [8].

Experimenta data for the system toluene+ 1,2-dichloroethane have been
obtained by severa invegtigators, most of them are published dso in the data
collection [11, p. 109]. At normd pressure VLE data have been obtained by Jones et
a. [12], Alpert & Elving [13], Rollet et . [14], and at barostatic pressure by Sharma
& Singh [15]. Ellis reported VLE data a 26.66 kPa[16], and Riveng at 26.66, 39.99,
53.33, 79.99, and 101.32 kPa (cited in [11, p. 109]). Deviations from our results are
the smallest for those of Rollet et a.[14] and the greatest for those of Jones et
a. [12]. Figure 2 compares the above-mentioned experimenta results with the data
of this work. Riveng's data (measured a the same pressures used in our work)
deviate from our results just in the temperature determination, especidly at higher
1,2-dichloroethane concentrations. This may be caused by deviationsin 1,2-dichloro-
ethane boiling temperatures (see Table 5 for values measured by different authors).
Table 5 presents aso the boiling point of toluene.

The boiling temperatures of 1,2-dichloroethane at four pressures measured in
thiswork agree well with those obtained by Gutsche & Knapp [17] and Dohnal et
al. [18]. The sets of Antoine constants from these publications represent boiling
temperatures which differ from those of our work with an overall average
absolute deviation of 0.02 K.

VLE data for p-xylene+ 1,2-dichloroethane have been given in severa
publications[11, 15, 19, 20] at conditions which differ from those of this study.
Our P vs. T data for p-xylene measured at four pressures agree well with those of
Gupta & Rawat [21] with an overall average absolute deviation of 0.02 K.
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Table 5. Boiling temperature (T) of toluene and 1,2-dichloroethane at different pressures

Pressure, kPa T,K
Toluene 1,2-Dichloroethane
101.32 383.76° 383.75°, 383.76° 356.63? 355.75P, 356.60°
79.99 375.66° 375.65° 349.297 348.55°
53.33 362.63% 362.65° 337.45% 337.15°
26.66 342.65% 342.65°, 342.65¢ 319.22% 318.85°, 318.85¢
a_ this work

P _ Rivenq (cited in [11, p. 109])
°_Rollet et al. [13]
4_Ellis[15]

All present binary systems are nonazeotropic and weakly nonideal. As shown
by us earlier [3], these systems are close to ideal also at 298.15 K, because excess
molar enthal pies are only slightly negative.

Theisobaric VLE datafor the ternary system studied are givenin Table 6.

The prediction results obtained by the modified Wilson equation are presented
in Table 7. By assuming that the ideal gas law holds, calculations of VLE were
made using the values of coefficients for three constituent binaries given in
Table 4 and constants of the Antoine equation from Table 3. The mean absolute
error for boiling temperatures at all four pressures was 0.90 K.
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Table 6. Isobaric vapour—liquid equilibrium data, liquid phase mole fraction (x;), and boiling
temperature (T) in the ternary system toluene (1) + p-xylene (2) + 1,2-dichloroethane (3) at
different pressures (P, kPa)

X1 Xg X3 T,K
P=2666 | P=5333 | P=79.99 | P=101.32

0289 0289 0422 33392 35318 366.05 373.94
0413 0413 0174 34430  364.26 377.35 385.65
0177 0177 0646 32694 34588 - -

0553 0277 0170 34322 36295 375.90 384.05
0432 0216 0352 33565 35472 367.31 375.20
0286 0143 0571 32807 34662 358.68 366.15
0222 0444 0334 33880 35801 370.73 377.72
0163 0326 0511 33199 35139 364.0 371.94
0272 0544 0184 34758 - - -

0280 0560 0160 34958  369.25 381.84 390.20
0332 033 0332 33695 35574 367.82 376.39
0133 0734 0133 35336  373.60 386.65 394.83

—not determined

Table 7. Isobaric vapour—iquid equilibrium data for the ternary system toluene (1) + p-xylene (2)
+ 1,2-dichloroethane (3), predicted by the modified Wilson equation [2]

Experimenta data Predicted data
w | % [Tk Aot [ v | vo | n [ v | v [P
P =26.66 kPa

0289 0289 33392 -0.76 0200 0073 09946 09811 10076 205.8
0413 0413 34430 -116 0416 0160 09892 09813 1.0022 208.6
0177 0177 32694 -025 0095 0033 10041 0989% 10049 201.9
0553 0277 34322 -228 0517 0097 09958 09703 10075 2174
0432 0216 33565 -146 0313 0056 09983 09706 1.0097 211.3
0286 0.143 32807 -012 0162 0028 10047 09792 1.0068 201.0
0222 0444 33880 -0.92 0183 0138 09844 09881 1.0028 206.9
0163 0326 33199 -0.71 0104 0076 09914 09895 1.0051 2055
0272 0544 34758 -240 0293 0232 09800 0.9895 09937 218.0
0280 0560 34958 -3.03 0316 0253 09793 09899 09911 2229
0332 0336 33695 -057 0260 0097 09921 09806 1.0072 204.3
0133 0.734 35336 -1.76 0177 0405 09641 0997 09778 2129

P =53.33 kPa

0289 0.289 35318 -0.27 0208 0084 09945 09716 09986 403.6
0413 0413 36426 -0.64 0422 0175 09898 09783 0.9851 408.3
0.177 0177 34588 -0.10 0099 0038 10008 09705 1.0013 4014
0553 0277 36295 -1.78 0526 0107 09963 09663 0.9928 423.6
0432 0216 35472 -0.77 0323 0063 09983 09619 1.0005 410.3
0286 0.143 346.62 051 0169 0.032 1.0021 0.9623 1.0027 393.1
0222 0444 35801 010 0188 0154 09851 0.9828 0.9898 398.8
0163 0326 351.39 -049 0109 008 09909 09781 0.9974 406.6
0280 0560 36925 -1.93 0319 0274 09797 09880 09721 425.0
0332 0336 355.74 066 0268 0108 0.9926 0.9741 0.9959 391.4
0133 0.734 37360 -0.88 0176 0434 09637 09958 09556 411.1
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Table 7. Continued

Experimental data Predicted data
a | o [Tk [ AT [y [ v [ n | | rn|P

P =79.99 kPa

0289 0289 366.05 -030 0212 0087 09945 0.9657 09932 605.5
0413 0413 37735 -041 0425 0184 09902 09764 09750 607.2
0553 0277 37590 -157 0530 0112 09966 09639 0.9840 628.6
0432 0216 36731 -050 0329 0067 09983 09566 0.9949 609.3
0.286 0.143 358.68 092 0172 0.034 10006 0.9523 1.0002 5829
0222 0444 370.73 054 0192 0163 09855 09795 09819 590.4
0163 0326 36409 -043 0111 0091 09905 09713 09927 608.1
0280 0560 38184 -1.00 0320 0286 09798 09869 09611 617.7
0332 0336 367.82 160 0272 0114 09929 09703 09892 5715
0133 0.734 38665 -0.18 0175 0451 09633 09953 09427 603.2

P =101.32 kPa

0289 0289 37394 -020 0214 0.090 09945 09624 0.9900 764.4
0413 0413 38565 -041 0427 0189 09904 09753 0.9690 768.8
0553 0.277 38405 -152 0532 0115 09968 09624 09788 793.5
0432 0216 37520 -040 0332 0069 09983 09535 0.9917 768.8
0286 0143 366.15 120 0175 0.035 0.9998 0.9464 0.9987 733.2
0222 0444 377.72 172 0193 0168 09856 09778 09778 723.3
0.163 0326 37194 -035 0113 0095 09903 0.9673 0.9900 767.9
0280 0560 39020 -0.94 0320 0294 09799 09862 0.9544 780.0
0332 0336 376.39 115 0275 0119 09931 0.9677 0.9848 735.2
0.133 0.734 394.83 019 0175 0460 09631 0.9950 0.9352 756.0

" pressures calculated at experimental temperatures

By assuming that the main parameters of the Wilson equation (4; —4;) vary
linearly with the temperature up to 298.15 K, the ternary excess Gibbs energies
GE Vs, X a X; /xk =1 are shown in Fig. 3. In the same figure the experimental
HE data at 298 15K obtained by us earlier [3] and the entropic term TSE
calculated from the difference HE — GF are also plotted.

In Fig. 3a HE and TSF are s-shaped changing from positive to negative and to
positive again with increasing mole fraction of 1,2-dichloroethane, X;. Up to X,
about 0.2, TSF islarger than H &, which resultsin anegative GE. With increasing
X;, GF becomes positive when | TS |>|HF|. This phenomenon is vaid aso
when aromatic hydrocarbons are added as seen in Fig. 3b and ¢. Presumably, the
formation of charge transfer (or donor—acceptor) complexes between the aromatic
hydrocarbon and 1,2-dichloroethane and their decomposition are the most important
factorsinfluencing the signs and values of excessfunctionsin thisternary system.
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Kolmikstisteemi tolueen + p-ksilileen + 1,2-diklor oetaan
isobaariline auru ja vedeliku tasakaal

Helle Kirss, Mati Kuus, Enn Siimer ja Ludmilla Kudrjavtseva

Isobaarilist auru ja vedeliku tasakaalu mdddeti slisteemi tolueen + p-ksi-
leen + 1,2-dikloroetaan ja selles sisalduvate binaarsete susteemide puhul réhku-
del 26,66; 53,33; 79,99 ja 101,32 kPa. Kaksiksiisteemide auru ja vedeliku tasa
kaalu korreleerimiseks ja kolmikslisteemi oma ennustamiseks kasutati modifit-
seeritud Wilsoni vorrandit, arvestades selle pohiparameetrite (4; — 4;) lineaar-
set sbltuvust temperatuurist. Vorreldi kolmiksiisteemi liigfunktsioonide véartusi
298,15 K juures.
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