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Introduction

  Various working fluids have been proposed to satisfy specific conditions required for such systems as air-cooled absorption chiller, low-temperature heat driven heat pump, and solar powered absorption chiller. Thermodynamic and transports properties of working fluids need to be crossly examined because these properties play a great role in the successful design and operation of air-cooled absorption chillers. Defined as a force pulling inward at the surface of a liquid (and tending to make the surface area as small as possible), surface tension is due to the unbalancing of the forces of attraction between molecules with the surface molecules having no molecules to pull them outward. Surface tension has been known to directly relate to the wetting and absorption enhancement of absorption chillers.

  Already in 1964, Uemura et al. have measured the surface tension of the lithium chloride + water, and lithium bromide + water system using a capillary rise method.[4] Wen Yao et al. have examined the effect of heat-transfer additives on the surface tension by using the drop-volume apparatus.[6] In the previous paper, we proposed a new working fluid containing 1,3-propanediol in order to overcome the crystallization problem appearing in an air-cooled absorption machine based on pure lithium bromide.[2] As a part of this continuing research, the densities, surface tensions, and refractive indices of the binary water + 1,3-propanediol system were measured in this work using a pycnometer, a capillary rise method, and an Abbe refractometer, respectively. The experimental measurements of three basic physical properties were carried out at various temperatures and mass fractions of 1,3-propanediol.

Experimental Section

The pycnometer was used to measure the density of binary solution mixtures. The experimental apparatus consists of a pycnometer, a thermometer to measure the temperature of solutions, and a water bath to control the temperature of solutions. The densities of solutions were then calculated from the measured volume and mass values. To determine the volume of a pycnometer at various temperatures, the calibration have been carried out using water as a standard substance. The density of solutions at various temperatures can be calculated from both the measured mass data and the predetermined volume of the pycnometer. The resulting densities were found to be reproducible within ±2 kg·m-3.

Apparatus for measuring surface tension consists of a water bath, a bath circulator, a capillary tube, a thermometer, and a cathetometer. The temperature of a capillary tube was controlled by the bath circulator (JEIO tech. RBC-20) within ±0.1 K. The solution temperature in the capillary tube was measured by the thermometer with an accuracy of ±0.1 K. The height of the liquid rise in the capillary tube was determined by the cathetometer (N.O.W. NCM 30) with an accuracy of 10-5 m. Before measuring surface tension, it is needed to determine accurately the radius of capillary tube since it directly influences on the accuracy of surface tension measurements. Benzene was used in this study as a standard chemical for calibration. During the experiment, the height differences between capillary and outer tube meniscus were measured by using the cathetometer. The height differences were measured at least five times for each data point with a reproducibility of ±2×10-4 m. The surface tension can be then calculated from a simple equation that includes the radius of capillary, height difference between two meniscus, and density of a sample. In measuring the refractive indices, a precision Abbe refractometer 3T (Atago Co.) was used. An external bath circulator was used to control the experimental temperature within ±0.1 K. Every measurement was performed three times with a reproducibility of ±10-4.

Results and Discussion

  Using water as a standard substance, the calibration experiment was done to determine the volume of the pycnometer. Because the volume expansion of the pycnometer due to temperature increase was expected to occur, the measurement of volume was performed for each temperature. The measured density data of the binary system were presented in Figure 1. As can be seen from this figure, the mixture density linearly decreases with the temperature. The 1,3-propanediol concentration effect also can be seen from this figure. As shown in this figure, the mixture density increases with the mass fraction of 1,3-propanediol almost up to 0.8, it changes just a little over 0.8 so that the line is almost overlapped. 

  The surface tensions of the water + 1,3-propanediol system were measured at the temperature range from 298.15 K to 323.15 K, and the 1,3-propanediol mass fraction range from 0.00 to 1.00, respectively. The surface tension was directly calculated from the following simple equation
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where y is the surface tension, h the height difference between the capillary and outer tube meniscus, r the capillary radius, d the density of a sample, and g the gravitational acceleration. In order to determine the radius of capillary tube, the calibration experiment was done using the known surface tension and density of benzene. The radius of capillary tube was found to be 2.71×10-4 m. To check the reliability of the experimental apparatus and procedures used in this study, several test experiments were carried out for water, methanol, lithium chloride + water solution, and lithium bromide + water solution at various temperatures. The experimental data were compared with the literature values, for water and methanol with CRC,[1] for the lithium chloride + water, and lithium bromide + water systems with Uemura et al’s.[4] The surface tension data of the water + 1,3-propanediol system were presented in Figures 2 and 3. As can be seen in Figure 2, the surface tension of solutions decreased with increasing the concentration of 1,3-propanediol, which naturally resulted from the relatively low surface tension of pure 1,3-propanediol. The measured refractive indices of the water + 1,3-propanediol system were presented in Figure 4. The refractive index decreased a little as the temperature increased, and linearly increased as the mass fraction of 1,3-propanediol increased. For density, surface tension and refractive index, the measured data were regressed with the following equation.
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  The regressed coefficients were provided in the following table. The average absolute deviations were found to be 0.123 % for density, 0.77 % for surface tension and 0.045 % for refractive index.


Density


Ai
Bi
Ci

i=0
7.40×10
1.95
- 3.69×10-3

i=1
1.05×103
- 5.64
8.16×10-3

i=2
- 6.15×102
3.46
- 5.13×10-3


Surface tension


Ai
Bi
Ci

i=0
5.46×10
2.15×10-1
- 5.42×10-4

i=1
- 4.87×102
2.85
- 4.36×10-3

i=2
4.76×102
- 2.92
4.51×10-3


Refractive index


Ai
Bi
Ci

i=0
1.30
3.10×10-4
- 7.07×10-7

i=1
- 9.84×10-2
1.57×10-3
- 2.87×10-6

i=2
3.18×10-1
- 2.16×10-3
3.58×10-6

Conclusion
  The densities, surface tensions, and refractive indices of the water + 1,3-propanediol system were measured at various 1,3-propanediol concentrations and temperatures. The pycnometer was used to measure the densities of binary solution mixtures. The surface tension of this binary mixture was determined by measuring the height difference of capillary. Also, the data regression was done with simple polynomial equations for each experimental data set. The average absolute deviations (AADs) were found to be 0.123 % for density, 0.77 % for surface tension, and 0.045 % for refractive index.
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Figure 1. Densities of the water + 1,3-propanediol system at various 1,3-propanediol mass fractions: mass fraction of 1,3-propanediol, (●) 0.00; (○) 0.10; (▼) 0.20; (▽) 0.40; (■) 0.60; (□) 0.80; (◆) 0.90; (◇) 1.00; (–) calculated.


[image: image4.wmf]Mass fraction of 1,3-Propanediol

0.0

.2

.4

.6

.8

1.0

Surface Tension / mN

.

m

-1

50

55

60

65

70

75

Figure 2. Surface tensions of the water + 1,3-propanediol system at various temperatures: (●) T=298.15 K; (○) T=303.15 K; (▼) T=308.15 K; (▽) T=313.15 K; (■) T=318.15 K; (□) T=323.15 K.
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Figure 3. Surface tensions of the water + 1,3-propanediol system at various 1,3-propanediol mass fractions: mass fraction of 1,3-propanediol, (●) 0.00; (○) 0.10; (▼) 0.20; (▽) 0.40; (■) 0.60; (□) 0.80; (◆) 0.90; (◇) 1.00; (–) calculated.
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Figure 4. Refractive indices of the water + 1,3-propanediol system at various temperatures: (●) T = 298.15K; (○) T = 303.15K; (▼) T = 308.15K; (▽) T = 313.15K; (■) T = 318.15K; (□) T = 323.15K; (–) calculated at T = 298.15K.
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