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Introduction
  For the analysis of technological processes and rational design of process equipment, it is necessary to have data on the various aqueous solutions at various concentrations and temperatures. The aqueous electrolyte and aqueous electrolyte solutions with organics are frequently asserted in the industrial processes. Particularly, the system treated in this work was proposed for the working fluid which can be used in the air cooled absorption chillers. By our research group the basic thermodynamic properties such as density, viscosity, vapor pressure, and heat capacity were measured.[1] As a continuation of our study, the surface tension on the ternary system (LiBr + 1,3-Propanediol + water) was measured using capillary rise method. The objective of this study is to measure the reliable thermodynamic data and provide the basic information for potential use. To confirm the method of measurement, the verification experiment was made for water, methanol, LiCl + water solution and LiBr + water solution up to 323.15K. These measured values were found to agree to literature values within AAD 2 %. The measurement of surface tension of ternary system was carried out with varying temperature and weight percent of lithium bromide. The weight ratio of LiBr to 1,3-propanediol is a constant of 3.5 : 1. The surface tension values were measured at the temperature range from 298.15 to 323.15 K, and the LiBr concentration ranges up to 60 mass %, respectively. The measured data were successfully correlated with the simple polynomial equation and the average absolute deviation (AAD) from the experimental data was found to be within 0.11%.

Experimental Section
  The experimental apparatus used in this work is shown in Figure 1. The whole apparatus consist of the water bath, bath circulator, capillary tube, thermometer, and cathetometer. The temperature of the capillary tube was controlled by the bath circulator within 0.2K. The temperature of the fluid in the capillary tube was measured by the thermometer with an accuracy of 0.1K. The height of the liquid rise in the capillary tube was determined by the cathetometer with an accuracy of 10-5m.

  The experimental procedures using capillary rise method are follows. Before used in the experiment, the capillary tube was washed thoroughly with chromic acid to prevent any impurities in the capillary tube. These cleaning procedures were repeated by distilled water, methanol and the sample solutions, successively. The sample solution was introduced to the outer tube with placing in the water bath. The cleaned capillary with cork was fitted to the outer tube for the lower end of the liquid in the capillary to be submerged. After affixing a tube to a sidearm, The capillary tube was blown through the sidearm attached in the outer tube to make the sample solution move completely up and down along the capillary tube. It is necessary for the capillary walls to be wetted thoroughly. Once the outer tube was blown through the sidearm tube, the height of the liquid solution in the capillary increased instaneously and decrased gradually to reach the equilibrium. Then the distance between lower meniscus in outer tube and upper meniscus in capillary was measured carefully by the cathetometer. After sucking through the sidearm tube, opposite situation occurred. The height of the liquid solution in the capillary decreased instaneously and increased gradually. Also, the distance between lower meniscus in outer tube and upper meniscus in capillary tube by the same manner. The difference in two height was measured at least three times with a reproducibility of ±0.0002m. The surface tension was directly determined by using the difference in two height and the predetermined the radius of the capillary tube. The measurements were performed at least five times for each data point with a reproducibility of 0.2 AAD%. 
Results and Discussion
First, it is needed to determine the radius of capillary. Since the nominal diameter of the capillary tube is a critical factor in determining the surface tension, a calibration was carried out by using benzene as a standard chemical. Using the known surface tension value and density of benzene,[6] radius of the capillary tube was determined to be 0.271mm. To check the reliability of the experimental apparatus and procedure used in this study, test experiments were performed for water, methanol, LiCl + water solution and LiBr + water solution at various temperatures. And the experimental data were compared with the literature valus. [2,3,4,5] The experimental results for LiBr + water were depicted in figure 2 with the literature data.[3] As shown in the figure 2, the experimental data are in a good agreement to the literature values. The maximum deviation are less than 2.0 AAD% which is acceptable in the measurement of surface tension data. The new surface tension data for LiBr + 1,3-propanediol + water system were measured at the temperature range from 298.15 to 323.15 K, and the LiBr concentration ranges up to 65 mass %, respectively. The experimental data are presented in the figure 3 and 4. As shown in the figure 3, the surface tension of the ternary system decreased as the temperature increased. The higher the concentration of the LiBr, the lower the degrees of the decrease in the surface tension with temperature. Also, the highly concentrated solutions showed a smaller surface tension when compared with the diluted solutions. The effect of the LiBr concentration to surface tension are clearly shown in figure 4. From the figure 2, the surface tension of LiBr + water solution increased with the LiBr concentration, which is opposite to the trend of our experimental data. This is because the low surface tension of 1,3-propanediol contained in the solution. As the LiBr concentration increased, the concentration of 1,3-propanediol also increased, which lower the surface tension of the mixed solution. 
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The experimental data were correlated with the polynomial equation expressed as follows.

The resulting coefficients used above equation are as follows.


Ai
Bi
Ci

i=0
7.53E+01
- 1.20E-01
- 4.96E-04

i=1
9.34E-02
- 1.31E-02
2.49E-04

i=2
- 1.30E-02
7.93E-04
- 1.16E-05

i=3
1.48E-04
- 9.26E-06
1.30E-07

  The regression error in terms of a average absolute deviation (AAD%) is found to be 0.113.

Conclusion
  The new surface tension data for LiBr + 1,3-propanediol + water system were measured at the temperature range from 298.15 to 323.15 K, and the LiBr concentration ranges up to 60 mass %, respectively. The weight ratio of LiBr to 1,3-propanediol is constant of 3.5 : 1. The surface tension of the ternary system decreased as the temperature increased. As the concentration of the LiBr increased, the surface tension values decreased due to the low surface tension of the 1,3-propanediol. The experimental data were successfully correlated with the simple polynomial equation.
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Figure 1. Surface tension measurement apparatus by capillary rise method
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Figure 2. Surface tension of LiBr + water solution
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Figure 3. Surface tension of LiBr + 1,3-propanediol + water system (varying temperature at constant concentration)
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Figure 4. Surface tension of LiBr + 1,3-propanediol + water system (varying concentration at constant temperature)
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