LiBr + 1,3-propanediol + water and LiBr + LiI + 1,3-propanediol + water  계의 흡수열 측정
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1.Introduction

The heat of absorption is the heat released during the phase change when the water vapor is absorbed into the absorbent solution. In the absorption heat pump, both the heat of absorption in the absorber and heat of condensation in the condensor should be removed by the proper cooling device. The low heat of absorption reduces the absorber duty to give higher efficiency in overall performance. Although the heat of absorption data is crucial for the design of the absorber with the different working fluids, few data exist in the literature due to the difficulty in the direct measurement. The heat of absorption is expressed as the change in enthalpy of water as it undergoes the phase change from vapor to liquid plus the differential heat of dilution of the absorbent (Honig, 1982).
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where Ha is the heat of absorption, hg the enthalpy of water vapor at absorber gas temperature (Tabs), hf the enthalpy of liquid water at solution temperature (Ts), hd the differential heat of dilution of the absorbent. In this study, the heats of dilution for two working fluids were measured to estimate the heat of absorption.
2.Experimental 

  chemicals. The lithium bromide, lithium iodide (99%), and 1,3-propanediol (98%) were supplied by Sigma-Aldrich chemical Co. All materials were used without further purification. All solutions were prepared with triple distilled water. 

Procedure An isoperibol solution calorimeter (CSC4300) was used to measure the differential heat of dilution of absorbent solutions. The temperature resolution of the calorimeter was 2(K, the temperature noise level (30(K, and the bath temperature stability (0.0005 K. To measure the differential heat of dilution, to begin with, heat equivalent E in kJ K-1 should be obtained. The following equation defines heat equivalent E.

E = mCp + (                           (2)

where Cp the specific heat capacity (kJ kg-1 K-1) of the sample, m the mass of the sample solution, and ( the heat capacity (kJ K-1) of the apparatus including Dewar vessel, stirring rod, heater, and thermistor. The mass of water used for dilution, mwater, in kg, the temperature increase during mixing process, (T, in K, and the heat equivalent E in kJ K-1 were used to calculate the differential heat of dilution Hd in kJ kg-1 at the experimental concentration and temperature. 

Hd = (T E / mwater
3.Results and Discussion

The experimental results of the heat of dilution for two working fluids are depicted in Figure 1 and 2. The absorbent concentrations up to about 70 mass % were treated and the temperature ranges are from 293.15 to 323.15 K. With increasing the absorbent concentration, the heat of dilution increased exponentially. While the temperature increase resulted in the higher heat of dilution, the effect of temperature was very small. Heats of absorption for two working fluids were determined from the equation (1). The temperatures from 303.15 to 323.15 K and absorbent concentrations from 50 to 70 mass % were calculated considering the conditions in the absorber. The results are graphically presented in Figure 3 and 4. As the temperature increased, the heats of absorption for two working fluids decreased. This behavior came from the increased liquid water enthalpy with solution temperature. Due to the exponential behavior of the heat of dilution, the heat of absorption increased with absorbent concentration. The heats of absorption of LiBr + 1,3-propanediol + water were a little higher than LiBr + LiI +1,3-propanediol + water at the fixed concentration and temperature. 

4.Conclusion

The heats of absorption for new working fluids near the absorber condition were determined from the heats of dilution. The heats of dilution for LiBr + 1,3-propanediol + water and LiBr + LiI + 1,3-propanediol + water were measured using Isoperibol Solution Calorimeter. The temperature and absorbent concentration ranges were from 293.15 to 323.15 K and up to 70 mass %, respectively. The heats of dilution increased dramatically with absorbent concentration and slightly with temperature. The calculated heat of absorption increased with absorbent concentration but decreased with the solution temperature.
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Figure 1. Heat of Dilution of LiBr + 1,3-propanediol + Water (LiBr/1,3-propanediol = 3.5 by mass) with LiBr + Water at 298.15 K; (() This work, ((((() Uemura for LiBr + Water; (●) 293.15 K, (□) 303.15 K, (▲) 313.15 K, (() 323.15 K, (-) Calculated for LiBr + 1,3-propanediol + Water.
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Figure 2. Heat of Dilution of LiBr + LiI + 1,3-propanediol + Water (LiBr/LiI = 4 by mole, (LiBr + LiI)/1,3-propanediol = 4 by mass);  (●) 293.15 K, (□) 303.15 K, (▲) 313.15 K, (() 323.15 K, (-) Calculated.
Figure 3. Heat of Absorption of LiBr + 1,3-propanediol + Water (LiBr/1,3-propanediol = 3.5 by mass) near Absorber Condition; (() 303.15 K, (( () 313.15 K, (((() 323.15 K.
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Figure 4. Heat of Absorption of LiBr + LiI + 1,3-propanediol + Water (LiBr/LiI = 4 by mol, (LiBr + LiI)/1,3-propanediol = 4 by mass) near Absorber Condition; (() 303.15 K, (( () 313.15 K, (((() 323.15 K.
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