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Abstract 

This paper reveals about the investigation on vapor absorption refrigeration with additives. There are various 

techniques to enhance the vapor absorption refrigeration cycle performance particularly by changing the 

property of absorbent.This is achieved by addition of organic salt into absorbent mixture. It was shown that the 

addition of organic salt(potassium formate,sodium.formate, sodium lactate,potassium acetate) into the LiBr-H2O 

solution with the mass fraction of 2:1 can improve the  COP of LiBr-H2O cycle from 0.75 to 0.95 as well as heat 

required to absorbent generator is dramatically decreased from 374 k to 329 k. 
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1. Introduction 
 
The most industrial operations use heat energy for 
producing work by combustion of fuels. After utilizing 
some part of this thermal energy, the unutilized 
thermal energy is rejected to surrounding as a heated 
waste such as hot water or waste vapor streams. This 
heated waste can be used for Refrigeration by using 
heat-operated refrigeration system, such as vapor 
absorption refrigeration cycle (VAC). The vapor 
absorption refrigeration cycle is one of the best 
alternatives to the traditional vapor compression 
refrigeration cycle. The absorption cycle is more 
beneficial to vapor compression cycle because this 
cycle uses a waste heat as the energy source to obtain 
cooling effect instead of expensive electric energy in 
the form compressor work thus reducing the work 
input as compared with traditional vapor compression 
cycle. The second most important difference between 
absorption cycle and compression cycle is the 
refrigerant fluid used. Many of the vapor compression 
systems commonly use chlorofluorocarbon 
refrigerants because of its thermos physical properties. 
CFC is unsafe to the environment. It causes depletion of 
the ozone layer that will make absorption systems 
more important due to low environmental effect. 
In early days, The ice was produced by evaporation of 
pure water in the sealed evacuated chamber by using 
sulfuric acid in 1700’s, (Herold KE et al. 1989). After 
few decades later, it was realized that ice could be 
produced from water in a vessel which is connected to 
another vessel containing H2SO4(Gosney WB et al. 
1982). As the H2SO4 absorbed water vapor the partial 
pressure of water vapor dropped. It induced a 
reduction in temperature or cooling effect which 

formed the layers of ice on the surface of water. The 
early development of an absorption cycle, Ferdinand 
Carrehas invented the device using water and 
ammonia as the working fluid in 1859. A few decades 
later, a refrigeration cycle using lithium bromide and 
water as the working fluid was introduced for 
industrial applications. 
 
2. Working Principle of VAC 
 
The absorption refrigeration cycle uses the binary 
working fluid solution which contains refrigerant and 
absorbent. The mixture of the solution is connected to 
each other by two sealed evacuated vessels as shown 
in below figure. 
 

 
 
Fig.1 Absorption Process(PongsidSrikhirinet al. 2001) 

 
The figure 1 shows that the two vessels which are in 
vacuum connected to each other. The left vessel 
contain a liquid refrigerant while right vessel contain 
mixture of refrigerant and absorbent. The absorbent at 
right vessel absorbs the liquid refrigerant vapors from 
left vessel. It causes the drop in partial pressure of left 
vessel. The left vessel gives cooling effect to the 
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surrounding. The cooling effect occurs till binary 
solution reaches its saturation level. The binary 
solution of the right vessel cannot continue the 
absorption process due to saturation of the refrigerant. 
To continue the refrigeration cycle the refrigerant from 
right vessel should be separated. The separation of this 
diluted binary solution is done by providing heat. Heat 
is applied to the right vessel in order to dry the 
refrigerant from the binary solution. It is shown in 
figure 2. 
 

 
 

Fig.2 Separation Process[PongsidSrikhirinet al.2001] 
 

The processes that are explained earlier are separate 
processes. The cooling effect cannot be produced 
continuously as the process cannot be done 
simultaneously. Those processes are combined in 
vapor absorption cycle as shown in figure. The vapor 
absorption cycle mainly contains an evaporator, 
absorber, generator and condenser.  

 

 
 

Fig.3 Schematic of an absorption refrigeration cycle 
[Antonio De Lucaset al.2004] 

 
The COP of the whole cycle can be estimated by the 
taking the ratio cooling capacity obtained at evaporator 
to the heat input for the generator where pump work is 
neglected 
 

〖𝐶𝑂𝑃〗_𝑅 = (𝑒𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑜𝑟 𝑤𝑜𝑟𝑘)
/(ℎ𝑒𝑎𝑡 𝑖𝑛𝑝𝑢𝑡 𝑡𝑜 𝑔𝑒𝑛𝑟𝑎𝑡𝑜𝑟
+ 𝑝𝑢𝑚𝑝 𝑤𝑜𝑟𝑘) 

 
3. Working Fluids for VAC 
 
Performance of an absorption cycle is mainly 
dependent on the thermodynamic and chemical 
properties of the working fluid (Perez-Blanco H et al. 
1984). 

Refrigerant absorbent mixture should satisfy the 
following conditions. 
1.  The mixture should permit high difference between 
the boiling point of the pure refrigerant and the binary 
solution at the same pressure.  
2.  Transport properties that effects on heat and 
mass transfer should be favorable such as viscosity, 
thermal conductivity, and diffusion coefficient. 
3. The refrigerant absorbent mixture should also 
be chemically stable, non-toxic, non-explosive, 
environmental friendly and easily available. 
There are many refrigerant and absorbent compound 
is suggested in a literature.  Absorption fluid data 
survey by Marcriss (Marcriss RA et al. 1988) shows 
that 40 refrigerant compounds and 200 absorbent 
compounds available, However, the most common 
working fluids are Water-NH3 and LiBr-water. But 
Water-NH3 compound requires a rectifier to strip 
away water which evaporated with ammonia. The 
second disadvantage of ammonia is its ability to 
corrosion. It is corrosive to copper and its alloy. The 
properties of Water-NH3 is obtain from literature (Park 
YM et al. 1990). The use of LiBr-water for absorption 
cycle began from 1930 due to its two characteristics 
those are non-volatility absorbent (rectifier is 
eliminated) and high heat of vaporization. However, at 
high concentration the refrigerant and absorbent 
mixture is susceptible to crystallization. The 
thermodynamic properties of LiBr-water are shown in 
literature (Lee RJ et al. 1990). LiBr-water is also 
corrosive to some metal and it can be avoided by 
adding some additives shown in (Iyoki S et al. 1978). 
Many working fluids are suggested in literature. A 
survey of absorption fluids provided by Marcriss 
suggests that, there are some 40 refrigerant 
compounds and 200 absorbent compounds available. 
 
4. Performance Enhancement of VAC by 
additives. 
 
The vapor absorption cycle is generally used in 
industrial application where large heat source is 
available. The vapor absorption cycle units are big 
industrial devices. It implies that large absorbent 
mixture has to be moving inside the machine it means 
large surface area is required and consequently the 
volume of this cycle is large. By increasing the 
efficiency of absorbent could make possible to reduce 
the size of unit. A variety of mechanical and 
physicochemical methods have been adopted for the 
improvement of absorber performance. This article is 
focuses on addition of salts into LiBr-H2O solution. 
 
A binary compound LiBr-water is the most successful 
working for an absorption refrigeration system. 
However, at high concentration such as at high 
temperature, the solution is susceptible to 
crystallization. It was found that the addition of a 
second salt as in a ternary mixture can improve the 
solubility of the solution. 
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4.1 Effect of addition KHCO2 into the LiBr-H2O 
 
The potassium formate is used as additive in the 
mixture of LiBr-water because its physical and thermal 
properties. Potassium formate has lower 
crystallization temperature, lower density and lower 
viscosity than LiBr, the latent heat of absorption is 
lower than LiBr. less toxic and is biodegradable 
(Antonio De Lucas et al. 2004) and it has good affinity 
with other additives. As a result, it was supposed that 
LiBr-KHCO2could show optimal properties such as low 
vapor pressure (by LiBr) and less crystallization 
temperature (byKHCO2 ). 

 
Table 1 Comparison between LiBrVs LiBr+KHCO2 

[Antonio De Lucase et al. 2004] 
 

Section LiBr LiBr+KHCO2 

 
 Q(kw) T(K) Q(kw) T(K) 
Evaporator 1580.4 278.65 1580.04 278.65 
Absorber 2039.14 313.15 1734.79 288.15 
Generator 2084.67 374.85 1850.21 329.15 
Condenser 1635.28 319.25 1577.16 319.25 
COP 0.75  0.85  

 
The above table shows that addition of KHCO2 in LiBr 
salt reduced boiling point of absorbent at generator 
from 374.85 K to 329.15 K. The table also indicates that 
COP is improved from 0.75 to 0.85With addition of 
KHCO2. Physical properties are also benefited such as 
less corrosive, less expensive, lower density and 
viscosity with the addition of 35% potassium formate.  
 
4.2 Effect of additionsodium formate into the LiBr-H2O 
 
The experiment was conducted with different mass 
fractions of NaHCO2 into the LiBr-H2O solution by M. 
Donate (Marina Donate et al. 2006). The following 
table shows that the lowest partial pressure is obtain at 
the mass fraction of 2:1. 

Table 2 Experimental procedure parameters        
[Marina Donate et al. 2006] 

 
S. No Mass ratio (LiBr:NaHCO2) P (KPa) 

1 1:0 103. 
2 1:1 110 
3 2:1 90 
4 5:1 102 
5 0:1 116 

 
Table 3 Comparison between LiBrVs 

LiBr+NaHCO2[Marina Donate et al. 2006] 
 

Section LiBr LiBr+NaHCO2 

 
 Q(kw) T(K) Q(kw) T(K) 
Evaporator 1580.4 278.65 1579.91 278.65 
Absorber 2039.14 313.15 1709.84 284.15 
Generator 2084.67 374.85 1672.38 329.15 

Condenser 1635.28 319.25 1577.03 319.25 
COP 0.75  0.94  

 
The table 3 shows the addition of sodium formate with 
mass fraction of 2:1 can improve the COP of VAC from 
0.75 to 0.94 as well as the boiling of point of absorbent 
at generator reduces from 374.85 k to 329.15 k 
 
4.3 Effect of addition potassium acetate into the LiBr-
H2O 
 
The Effect of addition potassium acetate into the 
lithium bromide water absorbent is shown in table 4 
 

Table 4 Comparison between LiBrVs LiBr+CH3CO2K 
[Marina Donate et al. 2006] 

 
Section LiBr LiBr+ CH3CO2K 

 
 Q(kw) T(K) Q(kw) T(K) 
Evaporator 1580.4 278.65 1579.91 278.65 
Absorber 2039.14 313.15 1700.97 285.15 
Generator 2084.67 374.85 1672.38 329.15 
Condenser 1635.28 319.25 1577.03 319.25 
COP 0.75  0.94  

 
There were various salt has been tested by their 
thermophysical and chemical properties with addition 
of different mass fraction (Marina Donate et al. 2006). 
The table 4 shows the comparison between LiBr and 
LiBr with potassium acetate it not only improves the 
COP but also reduces corrosiveness of LiBr solution 
with the optimal mass fraction of LiBr:salt is 2:1 
 
4.4 Effect of addition sodium lactate into the LiBr-H2O 
. 

Table 5 Comparison between 
LiBrVsLiBr+C3H5NaO3[Marina Donate et al. 2006] 

 
Section LiBr LiBr+ C3H5NaO3 

 
 Q(kw) T(K) Q(kw) T(K) 
Evaporator 1580.4 278.65 1579.91 278.65 
Absorber 2039.14 313.15 1700.97 285.15 
Generator 2084.67 374.85 1692.91 333.15 
Condenser 1635.28 319.25 1582.12 319.25 
COP 0.75  0.93  

 
The sodium lactate salt had been added to into the 
solution of LiBr-H2O refrigerant with the mass fraction 
2:1. It improves the COP as well as anticorrosive 
property of absorbent. The table 5 (Marina Donate et 
al. 2006) shows the addition of additives improve the 
cop of VAC from 0.75 to 0.93 with respect to 
conventional LiBr-H2O VAC 
 
5.  Conclusions 
 
The main conclusions are: 
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1. The best ratio of new absorbent and additives 
mixture is2:1, because it presents the 
advantages of a low value of heat of dilution 
and the vapour pressures are also maintained 
lower than in the case of using LiBr 
individually. These low values of the heat of 
dilutions imply that the requirements of heat 
in the generator and refrigeration in the 
absorber with the new absorbent mixtures are 
lower than using lithium bromide. 

2. The heating requirements in the generator 
section can be dramatically decreased using 
this kind of mixtures, being enough using a 
industrial waste stream with only a little more 
than 334.15 K to reach the boiling point of the 
diluted absorbent mixture. This fact allows to 
use condensate water, or any other residual 
stream of the industrial process, under 373.15 
K, to get the evaporation of the absorbent 
mixture, not necessarily overheated water or 
steam. This fact provides an important 
economic advantage and improves the 
efficiency of absorption refrigeration cycle. 

3. An improve in the COP of the absorption cycle 
is reached using the new absorbents. 

4. Potassium and NaHCO2seems to be promising 
alternatives to LiBr because the heating 
requirements in the generator section are 
lower. 
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