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Development of LiBr-H,0-1, 4-dioxane systems for
absorption refrigeration-heat pump systems

Masanari KUuDOU

Abstract

The authors have succeeded in the development of LiBr-H,0-1, 4-dioxane solution sys-
tems to improve the performance of absorption refrigeration-heat pump systems. The new
LiBr-H,0-1, 4-dioxane solution systems exhibit particularly high performance with respect to
solubility, boiling point and latent heat attributable to the characteristics of the liquid structure.
The authors show that water and 1, 4-dioxane mix independently in a 1, 4-dioxane aqueous
solution, that water (the primary component) changes its liquid structure according to the
mixing molar fraction, and that the solubility is improved when 1, 4-dioxane is added to a high-
density LiBr aqueous solution. The boiling point is reduce by the addition of 1, 4-dioxane to
the LiBr aqueous solution as estimated from the change in the hydrogen bonding state of water.

Conversely, an increase in latent heat is estimated from the structuralization of the tetra-
coordinated structure of the LiBr aqueous solution. The high performance of this solution is
indispensable for improving the performance and reducing ths size of absorption refrigeration-
heat pump systems. A system utilizing the new solution is evaluated using an appropriate
cycle model and a molecular model is proposed and validated using experimentally obtained
thermodynamics data.

The present report consists of seven chapters. Chapter 1 introduces the absorption
refrigeration-heat pump system and the relevant absorption solutions and chapter 2 examines
the characteristics of the LiBr water solution. Chapters 3 through 6 are described below.

In chapter 3, we determine the appropriate amount of 1, 4-dioxane solution to be added
using differential calorie analysis. Before measuring solubility, the addition of 1, 4-dioxane
and the effect of the liquid structure of water upon dissolution of LiBr are examined.

Several studies have examined the increase in water-solubility of LiBr required in the
manufacture of small, high-performance- absorption -refrigerators, which employ water and
aqueous LiBr solution as the working pair. Koseki et al. showed the importance of effective
utilization of water molecules via co-hydration in improving the water-solubility of LiBr.
This was realized by adding CaCl, to an aqueous solution. Similarly, Iyoki et al. reported an
improvement in the water-solubility of LiBr obtained by adding Lil, LiCl and LiNO, rather
than CaCl,. In addition, Uemura et al. examined the increase in steam pressure difference
between water and LiBr solution and prevention of crystallization obtained via the addition of
ethylene glycol.

The present author shows that water and 1, 4-dioxane mix independently in 1, 4-dioxane
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aqueous solution, and that water (the primary component) changes its liquid structure according
to the mixing molar fraction. The water-solubility of LiBr appears to improve upon addition
of 1, 4-dioxane to LiBr aqueous solution. Therefore, the cutting of hydrogen bonds progresses
rapidly at mixing molar fractions beyond 0.825, thus increasing tetra-coordinated water in the
solution. The confirmation of this mixing and molecular behavior of water, in conjunction
with the known liquid structure of water, will allow an optimal mixing fraction for practical
use to be identified.

Chapter 3 examines the correlation of the liquid structure of water in the LiBr dissolution
process and the solubility of LiBr, and the improvement in water-solubility of LiBr by addition
of 1, 4-dioxane through a number of experiments focusing on an analysis of LiBr « 2H,0
dehydration in the 1, 4-dioxane aqueous solution by differential calorie analysis.

In order to increase the water-solubility of LiBr, the effects of 1, 4-dioxane addition, which
allows control of the liquid structure of water, on the dehydration energy of LiBr « 2H,0 in
LiBr-saturated solution are examined by differential calorie analysis.

Measurements are performed at an LiBr-concentration of 62~70 wt% and a molar mixing
ratio of 1, 4-dioxane : water of Xc=0.92~0.97. It is found that

1) Adding 1, 4-dioxane to LiBr saturated aqueous solution is effective for increasing the
water-solubility of LiBr.

2) The dehydration energy of LiBr * 2H,0O can be decreased to 16 kJ/H,0O-mol, which is
approximately half that obtainable without the addition of 1, 4-dioxane (Xc=0.93~
0.95).

3) Control of the liquid structure of water by adding 1, 4-dioxane, to LiBr aqueous
solution is confirmed.

In chapter 4, we measure the solubility of LiBr in H,0-1, 4-dioxane solution by construct-
ing a cooling curve and prepared a LiBr-H,0-1, 4-dioxane ternary phase diagram. In addi-
tion, we develop a new molecular model that is then validated through comparison to experi-
mentally obtained thermodynamics data.

The solubility of LiBr in water is improved by adding 1, 4-dioxane to a high-concentration
aqueous LiBr solution, thus promoting the coordination of seven Li+ ions around two tetra
-coordinated structures consisting of ten water molecules, termed a 7: 10 configuration. We
measure the solubility of LiBr in water by constructing a cooling curve, and use the results to
assess the effect of adding 1, 4-dioxane to the LiBr-water solution based on thermodynamics.
Measurements are performed over a range of LiBr concentrations (17.3~52.5 mol/kg, 60.0~
82.0 wt%) and a molar water fraction of 0.92~0.97. The following results were obtained :

1) The addition of 1, 4-dioxane to a high-concentration aqueous LiBr solution is effective

for increasing the solubility of LiBr in water over a wide temperature range.

2)  The formation of the 7: 10 conformation is promoted most at Xc=10.97, at which the
solubility of LiBr in water is improved. The addition of 1, 4-dioxane to such a system
affords a 0.99 J/(mol » K) increase in entropy.

3) The difference between in enthalpy of the system as measured before and after the
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suggested formation of the 7: 10 conformation (—21200 J/mol) is reasonably consis-
tent with the theoretical stabilization energy of the 7: 10 system (—23900 J/mol),
providing further evidence of the actual formation of the 7: 10 conformation.

4)  We prepared a LiBr-H,0-1, 4-dioxane ternary phase diagram.

In chapter 5, we measure the boiling point of LiBr-H,0-1, 4-dioxane solutions, and
prepared Duhring charts, which are important in the design of absorption refrigeration-heat
pump systems. In addition, the latent heat of LiBr-H,0-1, 4-dioxane solutions is calculated
based on a temperature-pressure diagram.

The objective of chapter 5 is to develop a Duhring chart for LiBr-H,0-1, 4-dioxane
solutions at a mixing molar fraction of 0.95 (H,O=1). Solubility is found to be improved when
1, 4-dioxane is added to high-density LiBr aqueous solutions. A 1, 4-dioxane dosage of molar
fraction greater than 0.95 is appropriate for all quantities of water in saturated solutions.
Based on these results, the boiling point of LiBr-H,0-1, 4-dioxane solution is measured, and a
Duhring chart is prepared. The results show that the addition of 1, 4-dioxane reduces the
boiling point of LiBr-H,0-1, 4-dioxane solutions and increases the Latent heat at a given
concentration.

1) LiBr-H,0-1, 4-dioxane solutions at a concentration of 70 wt% boil at 427 K under

atmospheric pressure conditions, which is 50 K lower than the boiling point of an LiBr-
H,O solution at an identical concentration. Under similar conditions, the boiling point
of LiBr-H,0-1, 4-dioxane solutions is 35 K lower at a concentration of 65 wt% and 23
K lower at a concentration of 60 wt%.

2) The rise in latent heat increases by approximately 9 % at concentrations of 60 and 65
wt%, and by 18 % at a concentration of 70 wt%. High concentrations are proven to
promote structuralization of the tetra-coordinated structure of LiBr aqueous solution.

In chapter 6, we develop a cycle model for a new absorption refrigeration-heat pump
system based on the newly proposed solution. The following validity results were obtained :

1) The theoretical coefficient of performance [COP] th is calculated based on the temper-
ature in the evaporator and the condenser. The theoretical coefficient of performance
calculated based on LiBr-I11,0-1, 4-dioxane solution systems, [COP] thdio is 9.1, and
that for LiBr-H,O solution systems [COP] thLiBr is 8.9. Thus, the performance of
the LiBr-H,0-1, 4-dioxane solution systems is slightly better than that of the LiBr-H,
O solution systems.

2) The low temperature range of the evaporator in the LiBr-H,0-1, 4-dioxane solution
system is 85 °C, wider than the 100 °C of the LiBr-H,O solution systems, indicating that
solar heating is available in theory.

3) The simplicity of the system, in that the absorber utilizes air rather than water for
cooling, is expected to provide cost reductions and improved reliability.

4) Tremendous cost reduction as well as miniaturization are expected because the
condenser functions at atmospheric pressure.

5) Both cold water and warm water can be removed from the newly proposed system
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simultaneously because the cooling temperature of the condenser is 75 °C.

Finally, chapter 7 presents conclusions and a summarization of the present report.
Professor (Chairperson) Sankichi TAKAHASHI
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