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Ethanol + 2-Methyl-1-butanol + Calcium Chloride System: Vapor—Liquid
Equilibrium Data and Correlation Using the NRTL Electrolyte Model

I. Santiago,* C. Pereyra, M. R. Ariza, and E. Martinez de la Ossa

Department of Chemical Engineering, Technology of Food and Technology of Environment. Faculty of Science, Campus R
San Pedro, Apdo. 40, 11510 Puerto RedldiZaSpain

Experimental VLE data for the system ethanol {12-methyl-1-butanol (2)+ CaCl (3) have been measured at

two different pressures (33.3 and 101.3 kPa) and three salt concentrations and have been correlated using the
NRTL electrolyte model. From the results obtained, we can conclude thap @a€3 not significantly affect the

relative volatility of the system and that the NRTL electrolyte model is suitable for fitting the equilibrium data

for the ethanol (1}t 2-methyl-1-butanol (2) calcium chloride(3) system with more than sufficient accuracy.

Introduction

Extractive distillation with salts consists of the addition of
salts to a system to be separated, thus altering by their presence [
the relative volatility of the mixture. This produces an alteration
of the vapor-liquid equilibrium (VLE) of the system, making
it possible to form or to break an azeotropé.The cause of 6 5 4 D2
these effects on relative volatility and the VLE is not fully
known, but it is known that it is closely related to other
phenomena that take place simultaneously: the alteration of the
boiling points in some cases, the solubilities of components in [
others, and modification to the composition of the vapor in the
equilibrium.

The thermodynamic resolution of the saline effect in the VLE 6
is extraordinarily complex because of the many possible Figure 1. System for the determination of low-pressure VLE: 1, vacuum
interactions that can take place. These depend as much on th&UMmP; 2, trap; 3, drying vessel (CajZ1, pressure control vessel; 5, mercury
degree of dissociation of the salt as on the composition of the manometer; 6, modified Othmer stil.
liquid, that is to say, on the reliability of the mixture composition

and to a lesser extent on the concentration of the salt. Therefore:glotSe Ob:ﬁ'nfhd usgl'g the NF\’t;I%éelIﬁ::t;olyte pred|;:rt]|ort1 médel.
it is not surprising that it is an arduous task to correlate and ata on the three binary sys at comprise the ternary

predict the VLE data of saline systems, in which satisfactory system under study have been used for the development of this

and generalizable results are difficult to obtain. In spite of this, model.
in recent decades, the increasing importance of processes o
extractive distillation with salts in industry has led many
researchers to try and obtain correlation and prediction Apparatus, Procedure, and Chemicalé modified Othmer
models for these systems. Thus in the past decade authors suchtill was used for the acquisition of VLE data at atmospheric
as Hda,* Mock et al.5> Sander et af,Ohe and Yan et af. pressure. For a study at low pressure, a vacuum device was
have proposed models that utilize thermodynamic equations,coupled to the previously cited still (Figure 1). The operating
improving on currently existing models since each new model method has been described in previous paffefsAuxiliary

can be generalized further and extended to multicomponentequipment includes a Crison 621 digital thermometer with six
systems, that is, those with several solvents and severalthermowells and an uncertainty aef 0.1 °C; two mercury

5 4

Experimental Section

electrolytes. manometers with an uncertainty éf 1 mmHg; two heaters
The objective of this work was to obtain experimental data With a magnetic stirrer system from Selecta Agimatic; and a
on the VLE of the ternary system ethanol (t)2-methyl-1- cryothermostatic bath from Hetofrig. The 2-methyl-1-butanol

butanol (2)+ calcium chloride (CaG) (3) at three concentra- (99 mass %) was purchased from Aldrich. Ethanol (99.8 mass
tions of salt (1, 3, and 10 %, approximately) and two working %) and 1-butanol (95 mass %) were obtained from Merck.
pressures (33.3 and 101.3 kPa). This system is of increasingAnhydrous calcium chloride (95 mass %) was obtained from
interest for the composition of the types of flavor that are Panreac. All chemicals were used without further purification.
retained in the fraction of isoamyl alcohol (2-methyl-1-butanol), CaCk was previously dried at 12TC in an oven and removed.
obtained as a byproduct in the distillation of wine. In addition, The water used was bi-distilled.

the experimental data on this system have been compared with Analytical Methods. The equilibrium composition of the
vapor phase was determined by gas chromatography (GC) using
* Corresponding author. E-mail: inmaculada.santiago@uca.es. 1-butanol as an internal standard. The chromatographic equip-
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Figure 2. VLE of the ethanol (1} 2-methyl-1-butanol (2)+ CaCk (3) system at two working pressures (33.3 and 101.3 kPa) and three salt concentrations.
x, A, 0, andO (0, 1, 3, and 10% salt, respectively); is the mole fraction of ethanol on a free salt basis.
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Figure 3. Activity coefficients of the solvents for the NRTL electrolyte model in the ethanol{B-methyl-1 butanol (2}t CaCk (3) system (1, 3, and
10 mass %) at two working pressures (33.3 and 101.3 kiBas the ethanol molar fraction on a free salt bagisO, andO (y ethanol: 1, 3, and 10 %
salt, respectively) and, B, and® (y 2-methyl-1-butanol, 1, 3, and 10 % salt, respectively).

Table 1. Vapor—Liquid Equilibrium Experimental Data for the Ethanol (1) + 2-Methyl-1-butanol (2) + CaCl, (3) System at Two Different
Operating Pressures (33.3 and 101.3 kPa) and Three Salt Concentrations (1, 3, and 10 mass %)

33.3kPa 101.3 kPa
X1 X2 X3 Y1 Y2 t/°C X1 X2 X3 Y1 Y2 t°C

~ 1% CaC}
0.059 0.933 0.008 0.330 0.670 93.7 0.032 0.960 0.008 0.189 0.811 126.3
0.136 0.857 0.007 0.575 0.425 85.8 0.052 0.940 0.008 0.277 0.723 123.4
0.233 0.760 0.007 0.741 0.259 77.6 0.174 0.819 0.007 0.603 0.397 110.6
0.369 0.624 0.007 0.857 0.143 70.0 0.304 0.689 0.007 0.772 0.228 101.2
0.423 0.571 0.006 0.882 0.118 68.2 0.378 0.615 0.007 0.829 0.171 97.7
0.534 0.460 0.006 0.926 0.074 63.6 0.483 0.511 0.006 0.881 0.119 93.2
0.568 0.426 0.006 0.937 0.063 62.6 0.516 0.478 0.006 0.894 0.106 91.5
0.745 0.250 0.005 0.969 0.031 58.1 0.651 0.344 0.005 0.939 0.061 87.3
0.864 0.131 0.005 0.986 0.014 55.2 0.835 0.160 0.005 0.977 0.023 82.0

~ 3 % CaC}
0.058 0.919 0.023 0.353 0.647 94.8 0.023 0.953 0.024 0.149 0.851 129.2
0.110 0.867 0.023 0.536 0.464 89.0 0.075 0.902 0.023 0.385 0.615 122.2
0.217 0.762 0.021 0.742 0.258 80.1 0.141 0.837 0.022 0.568 0.432 115.0
0.306 0.674 0.020 0.833 0.167 74.3 0.260 0.719 0.021 0.749 0.251 105.4
0.417 0.564 0.019 0.898 0.102 68.8 0.349 0.631 0.020 0.822 0.178 100.1
0.498 0.484 0.018 0.931 0.069 65.7 0.408 0.573 0.019 0.859 0.141 97.0
0.612 0.371 0.017 0.957 0.043 61.9 0.670 0.314 0.016 0.952 0.048 87.1
0.701 0.283 0.016 0.972 0.028 59.4 0.776 0.209 0.015 0.972 0.028 84.2
0.838 0.148 0.014 0.987 0.013 55.7 0.799 0.186 0.015 0.976 0.024 83.5

~ 10 % CaC}
0.024 0.896 0.080 0.178 0.822 101.2 0.023 0.897 0.080 0.171 0.829 131.3
0.116 0.807 0.077 0.572 0.428 90.1 0.071 0.851 0.078 0.412 0.588 124.9
0.172 0.754 0.074 0.691 0.309 84.9 0.137 0.787 0.076 0.602 0.398 116.8
0.246 0.682 0.072 0.788 0.212 79.3 0.195 0.731 0.074 0.709 0.291 111.2
0.354 0.579 0.067 0.872 0.128 72.9 0.298 0.632 0.070 0.811 0.189 104.3
0.398 0.536 0.066 0.893 0.107 70.7 0.394 0.540 0.066 0.876 0.124 98.3
0.549 0.391 0.060 0.939 0.061 64.4 0.521 0.418 0.061 0.930 0.070 93.0
0.637 0.307 0.056 0.961 0.039 61.5 0.613 0.330 0.057 0.949 0.051 89.5
0.686 0.259 0.055 0.970 0.030 60.2 0.715 0.232 0.053 0.970 0.030 86.1

ment was from Perkin-Elmer, Sigma 3D model with FID
detector, stainless steel color@ m by 2 mmi.d., and stationary

Analytical operating conditions were as follows:

temperature 200C; detector 200°C; oven 110°C; carrier
gas (nitrogen) 30 mimin~—1. The sample analyses were carried
phag 5 % Carbowax-1500 on Carbopack 80-100 mesh. out twice. The uncertainty of measured mole fraction w#as
injector

0

.002.



460 Journal of Chemical and Engineering Data, Vol. 52, No. 2, 2007

140,0 33.3 kPa 140,0 101.3 kPa Results and Discussion
1200 F 1200 f Experimental data on the VLE of the ternary system ethanol
(1) + 2-methyl-1-butanol (2+ CaCk (3) at two operating
L o 1000 - pressures are presented in Table 1 and represented in Figure 2.
N < As can be observed in Figure 2, salt does not notably affect the
800 r 800 ¢ relative volatility of the system, not even at concentrations near
saturation. The concentrations of ab8Wb6 by weight are the
600 ¢ % w0 most effective at both pressures, since at those concentrations
more separation is obtained between ethanol and 2-methyl-1-
400 0 02 o0s 06 o8 1o 00 0 02 o+ 06 o8 10 butanol in addition to being more economical.

x5, V1 X7, ¥1

Figure 4. VLE (t—xy) of the ethanol (1} 2-methyl-1-butanol (2}~ CaCb
system (3 mass %) at two working pressures (33.3 and 101.3 kPa):
experimental values; - - -, NRTL electrolyte model.

Table 2. Parameter Values of the NRTL Electrolyte Model for Each
Binary System at Two Working Pressures (33.3 and 101.3 kP3&)

In respect of the diminution of working pressure, this factor
does not represent a significant increase in the effectiveness of
the separation, although it does give a significant reduction in
the temperature of boiling of the system.

The usefulness of the NRTL electrolyte model for the
determination of equilibrium data of the ethanol 12-methyl-

binary systems P/kPa 1} T, a 1-butanol (2)+ calcium chloride (3) system has also been
ethanol (11 calcium chloride (3) 333 1.898 1.701 1.614 Studied. For this study, the experimental VLE data on the three
101.3 1.870  0.408 1.575 binary systems that compose the ternary system are needed, and
2-methyl-1-butanol (2)+ calcium 33.3 2425 8.985 1.143 ;
ehioride (3) 1013 2003 9110 11ies these data have been taken from the literatuté.

ethanol (1)+ 2-methyl-1-butanol (2) ~ 33.3 0.985-0.596 0.389

NRTL Electrolyte ModelWhen the NRTL electrolyte model

101.3 0.760 —0.464 0.382 . X .
is used with systems constituted by two solvents plus a salt,

the equilibrium condition refers only to the solvents since they
are the only species present in both phases. For pressures equal
to or less than atmospheric, the following expressions are

aj andj are the two components of each binary system.

Table 3. Activity Coefficients of the Ethanol (1)+

2-Methyl-1-butanol (2) + CaCl; (3) Ternary System at Pressures of applied:
(33.3 and 101.3) kPa Obtained According to the NRTL Electrolyte
Model

1% CaCh 3% CaCh 10 % CaC4 yiP = y1P1Xy @)
X1 Y1 Y2 X1 Y1 Y2 X1 Y1 Y2 YoP = 7,P,°X, 2)

33.3kPa

0.059 1.0957 1.0130 0.060 1.1358 1.0541 0.027 1.2934 1.2030
8-;% i-gggg 1-812; 8%5 i-ﬁgg i-ggig 8-122 ﬁggg ﬁggg whereP;° andP,° are the vapor pressures of the pure solvents;
0.371 10690 1.0189 0313 1.1077 10516 0265 12364 11723 /1 andyzare the activity coefficients of solvents; ard and
0.426 1.0630 1.0224 0.425 1.0928 1.0552 0.380 1.2091 1.1642 X2 are mole fractions of solvents in the liquid phase on a salt-
0.537 1.0500 1.0335 0.507 1.0812 1.0610 0.426 1.1984 1.1627 free basis.
0.572 1.0457 1.0384 0.622 1.0640 1.0766 0.584 1.1613 1.1675
0.749 1.0236 1.0822 0.713 1.0504 1.0978 0.675 1.1405 1.1806 The vapor pressure of ethanol and 2_methy|_1_butano| are
0.868 10106 1.1413 0.850 1.0315 1.1563 0.725 1.1295 1.1925 given by the Antoine equation, whose coefficients are given in
0033 11326 10110 002§011-31k8%% L0527 0.025 13661 12195 a previous pape The activity coefficients for the solvents 1
0.053 11292 10119 0.077 11689 10512 0.078 1.3439 12092 @nd2, according to the NRTL electrolyte model, are given by
0.175 1.1082 1.0131 0.144 1.1549 1.0501 0.148 1.3153 1.1972 the expressions:
0.306 1.0860 1.0182 0.266 1.1303 1.0508 0.211 1.2912 1.1882
0.381 1.0737 1.0234 0.356 1.1123 1.0541 0.320 1.2513 1.1768
0.486 1.0569 1.0343 0.416 1.1007 1.0579 0.422 1.2171 1.1714I G 173 1(Xy T X)) + X,G; 175 4
0.519 1.0517 1.0388 0.681 1.0546 1.0966 0.555 1.1766 1.1737 Iny, =|——~ =20 — X,
0.655 1.0325 1.0639 0.788 1.0398 1.1275 0.650 1.1506 1.1833 G (Ko T X) + X, + X6, 4
0.839 1.0122 1.1232 0.811 1.0370 1.1359 0.755 1.1257 1.2036

G3,1T3,1(xa + X))+ XG4T 1
(G (Xt X) + X + XZGZ,J)Z

For the analysis of the liquid phase, it was necessary to XoGy o712 CXG. . x
eliminate and to determine the salt concentration before the Gy (Kot X) + X Gt X,| 212
chromat.ographllc gnaly3|s. The exact gmount of salt. (gacCl Gy i3 A% + X + X,y o715 X.Gy 71 3
present in the liquid phase was determined gravimetrically by 5 X IXG . +xol™
weighing a sample taken from the reboiler. After evaporation L(Cs2Xa® Xd +X,G1,+ X)) a™ AP13T 223
of the solvents and drying of the salt, the sample was weighed X161 gt13 T XGa4T23 XGiat13

again. Each determination was carried out three times. The 13 (X, + X,G, 5+ X,G, 9 X+ XG5+ XG5 a
estimated concentration error was found tath8.15 %. Then ' ' X.G. e o+ X.Go o

the salt-free base concentration in the liquid phase was obtained Gy o o E 2823 (3
in the same way as in the vapor phase. 1K+ XG5+ X6, 9
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Table 4. Experimental and Calculated (Using the NRTL Electrolyte Model) VLE Data of the Ethanol (1)+ 2-Methyl-1-butanol (2) + CaCl; (3)
Systent®

33.3 kPa 101.3 kPa
X'1 texp t(:em:ci Vi1, exp Y1, caled X’1 texp t(:allr;d Vi1, exp Y1, caled
~ 1% CaCh
0.059 93.7 93.3 0.330 0.336 0.033 126.3 126.0 0.189 0.185
0.137 85.8 85.4 0.575 0.582 0.053 123.4 123.3 0.277 0.274
0.235 77.6 78.0 0.741 0.745 0.175 110.6 110.6 0.603 0.604
0.371 70.0 70.4 0.857 0.861 0.306 101.2 101.6 0.772 0.767
0.426 68.2 68.0 0.882 0.889 0.381 97.7 97.6 0.829 0.823
0.537 63.6 63.9 0.926 0.929 0.486 93.2 93.0 0.881 0.879
0.572 62.6 62.8 0.937 0.938 0.519 915 91.7 0.894 0.893
0.749 58.1 58.0 0.969 0.972 0.655 87.3 87.2 0.939 0.936
0.868 55.2 55.4 0.986 0.987 0.839 82.0 82.1 0.977 0.976
a® 0.306 0.0046 a° 0.201 0.0034
~ 3% CaCh
0.060 94.8 94.5 0.353 0.347 0.023 129.2 129.0 0.149 0.145
0.112 89.0 88.7 0.536 0.530 0.077 122.2 121.8 0.385 0.379
0.222 80.1 79.5 0.742 0.738 0.144 115.0 114.4 0.568 0.562
0.313 74.3 73.9 0.833 0.828 0.266 105.4 104.8 0.749 0.741
0.425 68.8 68.5 0.898 0.893 0.356 100.1 99.5 0.822 0.817
0.507 65.7 65.3 0.931 0.923 0.416 97.0 96.5 0.859 0.853
0.622 61.9 61.6 0.957 0.952 0.681 87.1 86.7 0.952 0.946
0.713 59.4 59.2 0.972 0.968 0.788 84.2 83.7 0.972 0.968
0.850 55.7 56.0 0.987 0.985 0.811 83.5 83.1 0.976 0.972
o° 0.366 0.0053 o° 0.484 0.0056
~ 10% CaCh
0.027 101.2 101.0 0.178 0.180 0.025 131.3 131.5 0.171 0.163
0.126 90.1 89.6 0.572 0.575 0.078 124.9 124.3 0.412 0.409
0.186 84.9 84.2 0.691 0.695 0.148 116.8 116.2 0.602 0.598
0.265 79.3 78.9 0.788 0.793 0.211 111.2 110.6 0.709 0.699
0.380 72.9 72.1 0.872 0.876 0.320 104.3 103.1 0.811 0.807
0.426 70.7 70.0 0.893 0.897 0.422 98.3 97.8 0.876 0.867
0.584 64.4 64.1 0.939 0.946 0.555 93.0 92.3 0.930 0.917
0.675 61.5 61.3 0.961 0.964 0.650 89.5 89.0 0.949 0.942
0.725 60.2 60.0 0.970 0.971 0.755 86.1 85.8 0.970 0.964
ob 0.519 0.0041 ob 0.631 0.0080

2 The temperature is expressed’{d and salt concentration in mass %a. is the ethanol molar fraction on a free salt ba8is.= (3 (X exp — Xcalcd?/N)*/3,
whereN = number of data points andis the temperature or the mole fraction of the ethanol in the phase vapor.

Iny,= Gs gtz dXat X) + XGy oty 5| o Gy o= expl-ay 271 ) (5¢)
27 2
Gy (X, + X) + X, + X,G
A% X)X G Gy = exp(-y 77, ) (5)
Gy o3 Xy T X)) + X6y 571 ' o
X
(Ga Xyt X) + X+ X1G1,2)2 X, = L (6)
X,Gy 121 X, X+ Xg(rg 1)
— - X,G, ; X
Gy (X T X + X,G, 1 + Xy 12l y X, ,
G373 1(Xa T X)) + X,G; 1751 X G, T3 B 2 Xy X+ Xg(rg 1o “
(G 1(XKa+ X) +X,G, 1+ Xy)? XaT XiGy 3t XG5 Zox (o Zox
+ X = — a 3 — ¢ 3 )
XG, XiGy 13+ XGyatas XGoal 3 _ a= X X X+ X(Tat 1) Xy + X+ Xe(Ta + 1) ®)
XK+ X Gzt ch"z,a)z Xe T X6y 31 X6y 5
X.G: o o+ X.Go T wherer indicates the number of ions (cations or anions) that
o ——o2 22823 (4 are present in CaglZ is the charge of the ion; and is the
(X + XG5+ X6, 9 disorder factor, in this model does not have the same physical

meaning as that in NRTL mod&l,for that reason that it has
where the subscripts ¢ and a represent the cation and anionP&€n considered as a third adjustable parameter.
respectively;r are the binary interaction parameteds;are This model needs a total of 9 parameters to calculate the
effective mole fractions; an are the Gibbs free energy. coefficients of activity of solvents in the system ethanol 1)
2-methyl-1-butanol (2) CaCk (3):
(i) six parameters for the solvert salt binary systemst; s,
73,1, 72,3 73,2, 03,1, 032

Their expressions are as follows:

G;; = exp(—ay°73)) (5a) (i) another three for the ethanot 2-methyl-1-butanol
system: T1,272,1, 01,2
Gs=expoy1y) (=12 (5b) These parameters have been obtained from experimental data

of corresponding binary systems and published in previous
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articles?~1! Table 2 shows these parameters for the two working Summary
pressures. Once the nine parameters of the model are known, it
is possible to calculate the coefficients of activity of solvents
in the ternary system. Table 3 gives the coefficients of activity
obtained with the NRTL electrolyte model, and Figure 3 shows
the variation of these coefficients with the mole fraction of
ethanol on a salt-free basis;.

It can be observed in all the casgsdecreases as the mole
fraction of ethanol increases, whereasncreases; in addition,  Literature Cited
almost all the values of these latter parameters are below unity, (1) Barba, D.; Brandani, V.; Di Giacomo, G. Hyperazeotropic ethanol
whereas the coefficients of activity of the ethanol present a salted out by extractive distillatio©hem. Eng. Scil985 40, 2282

According to the results obtained, we can conclude that the
NRTL electrolyte model is suitable to fit the equilibrium data
for ethanol+ 2-methyl-1-butanok- calcium chloride system
with great precision. This is the reason why we can use either
model to predict this system behavior for any operating condition
as well as for any salt concentration within the interval studied.

positive deviation from the ideal values. It is also notable, as @ ﬁ%- de la Ossa. E. Galal. A, Salt effect o th "
Py . . artinez de la Ossa, t.; alvl. A. Salt effect on the compaosition

could be expected, that the deviations with resp.ect .tO unity are of alcohol obtained from wine by extractive distillatiohm. J. Enol.

greater fory; than fory,, when the salt concentration increases. Vitic. 1991, 42, 252—254.

This finding becomes serious more when the pressure is 101.3 (3) Il,\lar_?jyana,l,ﬁ._s-; Nfalk, S. C.;_eF:ath, P. Salt egfegthin isogaricgﬂpor
Hs : H 1 iquid equilibrium of acetic acierwater systemJ. em. Eng. Data

kPa, and the diminution of; with x'; also becomes more 1985 30, 483-485.

pronounced. (4) Hala, E. Vaporliquid equilibria of strong electralytes in systems

Having obtained the activity coefficients, the VLE data can containing mixed solvenfluid Phase Equilib1983 13, 311.

(5) Mock, B.; Evans, L.; Chen, C. C. Thermodynamic representation of
phase equilibria of mixed-solvent electrolyte systeAI€hE J.1986
32, 1655-1664.
P =y,P°X; + y,P,X, 9) (6) Sander, B.; Fredenslund, A.; Rasmussen, P. Calculation of wapor
liquid equilibria in mixed solvent/salt systems using an extended
UNIQUAC equation.Chem. Eng. Scil986 41, 1171.

With eq 9, the temperature (implicit in the vapor pressure of (7) ghe,l_ks)- l:gegcgc;igz Tls;“ effect on vapdiquid equilibria. Fluid Phase

; quilib. ! .
pure so!\{ent) of the tem.ary system a.t a given pressure and (8) Yan, W.; Topphoff, M.; Rose, C.; Gmehling, J. Prediction of vapor
composition can be obtained. Later, with the egs 1 and 2, the liquid equilibria in mixed-solvent electrolyte systems using the group

composition of the vapor phase is calculatgdgndy.). contribution conceptFluid Phase Equilib1999 162 97-113.

In Table 4, the experimental data are compared with the ) g iRaM T it B8 B> Cecimt, o horice. from 30
values obtained for the composition of the vapor phase to 95°C. Chim. Ind 1985 67, 392-399.

(expressed as mole fraction of ethang),and the equilibrium (10) Martinez de la Ossa, E.; Pereyra, C.; Santiago, I. \ajiquid
temperature (iiC) applied to the NRTL electrolyte model, for Eﬂ;"'gﬁgé’ééhﬁg?tlr;angli'methy"l'b“ta“(" systenl. Chem.
each of the concentrations of salt used and the two working (11) Santiago, I.; Pereyra, C.; Martinez de la Ossa, E. Effect of addition of
pressures. The results for a salt concentration of 3 mass % are  calcium chloride on vapor pressure of 2-methyl-1-butadoChem.

; ; ; ; ; Eng. Data2004 49, 407-410.
shown graphically in Figure 4, in the—xy diagram. (12) Pereyra, C.; Mditez de la Ossa, E. A semiempirical equation for

As can be seen in the previously cited tables and graphs, the  vapour-liquid equilibrium in water-acetic acie-calcium chloride
differences between the results obtained and the experimental(lg) gg;eofpsﬂ- CQre;[‘J-SEPZQ-JD%QOL%JE ;6-05;‘1})%3%5‘23- in thermodynamic
?hnes are W':h'ndthz values SC_Cepteg f;{?thg typde of sygtg(r)ns, with excess functions for Ii’qu.id mixture&IChE J. 1968 14, 135-144.

e mean standard errors beimg= 0.417°C andom, = 0.
for temperature and composition of vapor phase, respectively. ) )

Therefore, it can be concluded that the NRTL electrolyte model Received for review September 12, 2006. Accepted December 1, 2006.
is valid for predicting the behavior of the system under study. JE060399S

be reproduced. Adding the equations eq 1 and eq 2 gives



