Quinoline+2,2,2-TFE 시스템에 대한 밀도 및 점도 측정

김기섭 , 박성범 , 이종원 , 이흔

한국과학기술원 화학공학과

Densities and Viscosities of the Quinoline + 2,2,2-TFE System

Ki-sub Kim, Sung-bum Park, Jong-won Lee and Huen Lee

Department of Chemical Engineering, KAIST
1. 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. 

In the optimum design of an absorption heat pump several physical and transporting properties of the working fluid such as density, viscosity, surface tension, and thermal conductivity are required. Because the development of new working fluids for absorption heat pumps is mainly focused on the suppression of crystallization of the solution, the new absorbent fluids of the system containing salt may not be satisfactory due to solubility limitation. The accurate measurements of several important properties of the working fluid are essential. In our previous work [1,2], the LiBr-based solutions were treated as the potential candidates to overcome the crystallization problem and improve the overall performance of the absorption heat pump. In this study the densities and viscosities of a new working fluid candidate composed of the organic substances were measured. The system investigated in this work is the binary mixture containing quinoline + 2,2,2-TFE. The physical properties treated in this study can be a useful information for the design of the absorption heat pump.

2. Experimental Section

Materials. The quinoline(98%) and 2,2,2-trifluoroethanol(99+%) were supplied by Aldrich Chemical Co and used without further purification. 

Apparatus and procedure. The density measurements were carried out  by two pycnometers. The densities of binary solution mixtures were then calculated by using the values of the measured volume and mass. To determine the volume of the pycnometers at various temperatures, the calibration have been carried out by water as a standard substance. The volume of the pycnometers was reproducible within (0.2%. The temperature of the sample solution was measured with a thermometer (Cole Parmer,08502-16), the accuracy of which is (0.2K, capable of reading to 0.01K, and was controlled within (0.05K with a constant temperature bath connected to a refrigeration bath circulator. The uncertainty in the density measurement was (0.12% in AAD%

The viscosities were measured by using five well-calibrated Ubbelohde-type viscometers (Witeg, Capillary No. 0C, 0B, 1, 1C and 2) which have different capillary diameters. A suitable viscometer was clamped in the constant temperature bath, and the temperature was adjusted at a desired point. The efflux time of a sample solution through the capillary of the viscometer was accurately measured by a stopwatch. The reproducibility of efflux time measurement was within (0.1% of each value. The viscosity values were calculated by the following equation.

( = tK(
where ( is the absolute viscosity, t is the efflux time, K is the given constant of each viscometer for the calculation of kinematic viscosity(tK), and ( is the density value at the same condition. The uncertainty in the viscosity measurement was (1% in AAD%

3.Results and Discussion
Densities and viscosities of the Quinoline+Trifluoroethanol system, a possible new working fluid for absorption heat pump, were measured in the temperature range of (298.15 to 323.15)K and in the concentration range of (0 to 100) quinoline mass%. Each data set was correlated with the appropriate regression equation as a function of concentration and temperature.

The measured density values were represented in Figure1 and Figure2.  As the temperature of the system and the concentration of quinoline increase, the density values decrease. The measured density values were regressed by the following equation.
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where ( is the density of the solution, T is the absolute temperature in K, ai , bi and ci are the regression coefficients, and w is the absorbent (quinoline) concentration in mass fraction. Figure 1 and 2 show the experimental and the calculated results of the density measurement. The regression coefficients were determined by a least-squares method and listed in Table1.

 Table 1. Values of ai, bi and ci for density regression 

	i
	0
	1
	2                   

	ai
	1.55
	-4.17 * 10-1
	3.31 *10-1

	bi
	4.94 * 10-4
	-9.13*10-4
	-1.30*10-3

	ci 
	-3.61 10-6
	3.90*10-6
	1.23*10-6


 As the temperature of the system increase the viscosity values decrease. And as the concentration of quinoline increase the viscosity values increase. The viscosity values were regressed by the following equation.
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where ( is the viscosity of the solution, T is the absolute temperature in K, ai , bi and ci is the regression coefficients, and w is the absorbent (quinoline) concentration in mass fraction. The regression coefficients were determined by a least-squares method.

4.Conclusions

 Densities and viscosities of the quinoline+2,2,2-TFE system were measured at various temperatures and concentrations. All the experimental data sets were correlated with simple regression equations, and the results showed good agreements with the experimental values. The data regression was done with simple polynomial equations for each experimental data set. The average absolute deviations (AADs) were found to be 0.12% in AAD% for density and 0.1% in AAD% for viscosity. The density and viscosity measurements together with the solubility and vapor pressure data of the new working fluid are essential for the optimum design of an absorption heat pump.
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 Figure1. Densities of the Quinoline+2,2,2-TFE system at various temperatures (All lines represent the values of regressions)
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Figure2. Densities of the Quinoline+2,2,2-TFE system at various concentrations (All lines represent the values of regressions)
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