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Introduction

 Investigation concerned with the effect of salt addition on the vapor-liquid equilibria of binary systems are of industrial importance. In the air-cooled absorption chiller operation, the information on the VLE data of the system including LiBr can be helpful in developing a new working fluid. 

 The present work studies the VLE for the systems of water+1,3-propanediol and water+1,3-propanediol+LiBr with varying concentration of salt. The addition of LiBr to this solvent mixture increases the amount of 1,3-propanediol in the vapor phase at equilibrium. This indicates a preferential association of LiBr with water.

 For the salt-free system, the correlations by activity coefficient models such as Wilson(1964), NRTL(1968), UNIQUAC(1975) equations were carried out, and the extended UNIQUAC model of Sander et al.(1986) was applied to the calculations of water+1,3-propanediol+LiBr VLE data.

Experimenatal

 Chemicals.  The chemicals used were distilled water, 1,3-propanediol(Aldrich,98%), LiBr(Aldrich, 99+%). All chemicals were used without further purification.

 Procedure.  The recirculation still used is shown in Figure 1. Liquid sample, about 230mL, was fed into equilibrium vessel A through port L. Energy was supplied from silicone oil(Dow corning, 200®fluid,550cs) heated by electrical heater H. By increasing the temperature of silicone oil gradually, the superheat of either liquid or vapor phase may be prevented.

 When sufficient time had elapsed and the system was thought to have achieved equilibrium, a sample was taken in a very short time in each phase. To prevent partial condensation, the vapor jacket was wrapped with an electrical heating tape controlled by a variable power source. The stirring bar in equilibrium vessel increase the effect of mixing in the salt-containing solution .

 Method of analysis.  The compositions of the vapor phase condensate samples are determined from measurements of their refractive indexes at 35℃ with an Abbe-type refractometer. Since the liquid phase contained a salt, the salt was separated using an evaporating apparatus. The liquid phase composition other than the salt(salt-free basis) was analyzed by a refractometer. And the mole fraction of salt in this liquid phase was obtained from the mass of the separated salt.

 The accuracies in the calibrations were within 
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Results and Discussion
Experimental data.  The apparatus was checked by comparisons of vapor-liquid equilibrium measurements for ethanol +water with literature values at 101.3 kPa. Obseved data had satisfactory agreement with data from the references[1]. 

 Furthermore, vapor-liquid equilibrium for water(1)+1,3-propanediol(2) was measured at 101.3kPa. These results was shown in Figure 2. A thermodynamic consistency test was applied to the experimental data by using the point test of Fredenslund et al.(1971) and the area test of Herington(1951). The result of point test was 0.004 when the order of Legendre polynomial was 5. Thermodynamic consistency was also confirmed in the Herington’s test.

 Isobaric VLE data at 101.3kPa were measured for the system water(1)+1,3-propanediol(2)+LiBr(3), and the results are presented in Table 2. The liquid concentration is presented on a salt-free basis 
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 represent the number of moles of solvents 1and 2). This makes it easy to investigate the effect of salt presence on the VLE behavior of the salt-free system. In this work, the presence of salt increases the relative volatility of 1,3-propanediol.

 When a salt is dissolved in homogeneous liquid mixture, it will form liquid-phase associations or complexes with one species in the liquid more than the other. This interaction will reduce the activity of the more attracted component and increase the activity of the less attracted component. Hence, the less attracted component is expelled or salted out from the liquid solution. In our case, the 1,3-propanediol molecules are less attracted to salt ions and tend to go into the vapor phase.

 Calculation of Phase equilibrium.  Experimental data for water(1)+ 1,3-propanediol(2) were correlated using Wilson(1964), NRTL(1968) and the UNIQUAC(1975) models for liquid-phase activity coefficients. The bubble point ,T, and vapor composition ,y, were calculated from the models. The vapor pressures of pure solvents were determined from the equations given in the references[2]. Model parameter values, mean absolute deviations in vapor phase composition (
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) and bubble point temperature(
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) are presented in Table 1.

 In the case of a mixed solvent-salt system, the results were correlated using the extended UNIQUAC activity coefficient model of Sander et al[3]. The model parameters are ion specific ones, and no ternary parameters are required. The results of the calculations using Sander’s model are shown in Figures 3 and 4. The model represented experimental data with good accuracy, especially at a low salt concentration. The mean absolute deviation in vapor composition was 0.013 and the corresponding error in bubble point was 0.70 K. The deviations in the calculated values were found to be rather high at high salt concentration. The UNIQUAC volume(
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) and surface area(
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) parameters are taken from the original paper of Sander et al. (1986). Fortunately, Li+-H2O, H2O-Li+, Br­-H2O, H2O-Br­ interaction parameters are existed in the Sander’s paper. Moreover, the solvent-solvent parameters were given by the salt-free system correlation. The other model parameters were estimated by minimization of the following objective function:
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 refer to the experimental and calculated activity coefficients, respectively, and 
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is the number of data points. The calculated and experimental activity coefficients were obtained assuming that vapor phase is ideal. Since the pressure is atmospheric and considering other sources of uncertainties in the experimental measurements, this assumption is acceptable. The UNIQUAC reference interaction parameters 
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parameters are presented in Tables 3 and 4.

Conclusion
 The experimental VLE data at 101.3 kPa for the system of water+1,3-propanediol and water+1,3-propanediol+LiBr were measured. The salt investigated in this work exhibited a salting-out effect on 1,3-propanediol. This salt effect increases as the salt concentration increases. 

 Experimental data of the salt-free system are very well correlated using the Wilson, NRTL, UNIQUAC models. Model parameters are obtained and used to calculate the VLE for the salt system. The extended UNIQUAC model of Sander et al. was found to correlate the experimental data of the salt system with reasonable accuracy.
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Table 1. Results of the Correlation with Wilson, NRTL, and UNIQUAC Models for water(1)+1,3-propanediol(2) 

Model
parametersa
(T
(y

Wilson

[image: image18.wmf]12

l

D

= 2651.40,
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= 744.92
0.17
0.006

NRTL
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 = -3640.6, α= 0.3
0.70
0.005

UNIQUAC
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 = -401.56, 
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 = 1175.0
0.40
0.004

a All energy parameters are expressed in Jmol-1
[image: image1.wmf]005

.

0

±

[image: image37.wmf]y

1

 (exptl)

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

y

1

 (calcd)

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0


Table 2. Experimental VLE data for water(1)+1,3-propanediol(2)+LiBr(3) at 101.3kPa
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118.0
0.484
0.007
0.983
176.2
0.090
0.027
0.765
128.1
0.466
0.060
0.972

116.2
0.520
0.008
0.986
126.1
0.420
0.029
0.968
132.1
0.416
0.061
0.962

126.2
0.372
0.008
0.970
158.2
0.163
0.031
0.879
125.9
0.504
0.064
0.976

130.1
0.330
0.009
0.962
107.2
0.810
0.028
0.996
120.5
0.603
0.066
0.986

123.3
0.419
0.012
0.973
145.0
0.240
0.031
0.927
114.3
0.743
0.068
0.994

143.7
0.221
0.010
0.932
113.6
0.643
0.030
0.992
168.1
0.160
0.069
0.865

136.0
0.280
0.011
0.949
110.4
0.729
0.032
0.994
118.0
0.667
0.073
0.992

112.0
0.627
0.014
0.992
107.7
0.820
0.036
0.995
156.2
0.230
0.078
0.905

170.0
0.101
0.015
0.797
165.1
0.140
0.039
0.858
134.0
0.450
0.090
0.963

109.6
0.702
0.016
0.994
109.4
0.781
0.038
0.994
150.1
0.297
0.092
0.926

158.3
0.152
0.019
0.881
170.3
0.121
0.039
0.831
132.7
0.479
0.094
0.965

107.9
0.773
0.024
0.995
106.3
0.880
0.039
0.998
144.1
0.353
0.093
0.944

135.5
0.308
0.026
0.950
153.2
0.219
0.055
0.912
199.5
0.065
0.118
0.538

152.1
0.191
0.028
0.902
147.8
0.259
0.057
0.931
210.1
0.048
0.142
0.408

115.7
0.585
0.027
0.988
157.1
0.203
0.059
0.903
214.8
0.030
0.168
0.267

Table 3. UNIQUAC Reference Interaction Parameters (
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H2O
C3H8O2
Li+
Br-

H2O
0.0
-48.3a
-59.2b
-43.5b

C3H8O2
141.33a
0.0
1756.73a
1084.64a

Li+
-484.2b
885.93a
0.0
10.0a

Br-
-128.8b
868.96a
-903.96a
0.0

Table 4. 
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m=H2O
m= C3H8O2

LiBr
35098.93a
197995.8a

a Estimated from the data of this work. 

b Sander et al.(1986)
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