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Abstract 

 

Adsorption Refrigeration machines are the system operated on  the principle 

of adsorption. In order to have better operation of the system there must be 

good property relation between the substances used for adsorption which are 

known as working pairs. Working pair are cordinal component for the 

adsorption refrigeration system. Maximum adsorption capcity for modern 

working pair was 2 kg per kg of maxsobIII/ R-134a pair and for classical 

working pair was 0.259kg per kg for activated carbon/ methanol pair. This 

study had made conculison that there is need of detailed investigation for 

working pair in order to have efficient construction of adsorber bed to have 

high heat and mass transfer rate inside the bed. There is very less work 

illustrated on activated carbon in powder form which must to be worked on.  
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INTRODUCTION  

Development of Human beings has resulated in increasing of statndard of living, due 

to which the demand of more comfort in houses as well as working condition. As the 

demand of comfort conditioning increased there was need of Heating, Ventilation and 

Air-conditioning(HVAC)[1] system as well as the refrigeration system. In research 

field of Refrigeration and Air-conditioning, therefore, in order to have green 

environment and efficient use of electrical energy. There must be more efforts made 

in research field related to refrigeration and air-conditioning systems powered by 

renewable energy which includes solar energy or waste heat source. Surely, the solar 
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powered or waste heat powered systems will result in reducing the peack load demand 

efficiently. On other hand, the electrically operated VCR systems affects the 

environment adversely, as the refrigeratns used there causes global warming and 

depletion of ozone layer[2]. As a solution to the above problem present research is 

carried out to choose suitable working pair with high adsorption capacity and 

environmental charecteritics to be used in adsorption refrigeration system. 

 

As in conventional refrigeration system there is process of condensation and 

evaporation in adsorption system, followed by adsorption or chemical reaction 

incluiding heat transfer. The heart of any adsorption refrigeration system is the solid 

adsorber bed, which is used to adsorb and desorb the refrigerant to produce cooling 

effect. The general adsorption s   

 

System consists mainly of four component solid adsorber bed, evaporator, expansion 

device, condenser[3]. Figure; 1 shows the schematic diagram of the system which 

operates on a process of reversible adsorption between which occures between 

adsorbent and refrigerants which mainly depends upon the temperature of adsorbent 

and vapour pressure of adsorbate. 

 
Figure 1: Schematic of adsorption system[3] 

 

In order to obtain non-pulsating cooling effect more than two adosrber bed are used in 

single system. When one bed is heated it desorbs and when bed is cooled it adsobers 

refrigerant. The limits of temperature of cycle is dependent on refrigerant used  and 

adsorbent material[4]. Recently, the adsorption refrigeration system is getting more 

interest due to its advantages such as quite, low maintenance cost, eco friendly[5]. 

These system are mostly including non-rotating part, powered efficiently by 

renewable energy sources or low grade waste heat source and do not requires any 

synthetic lubricant. 
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An wide range of working pair are studied by various reserachers for adsorption 

system[6]. Most of the researchers along with adsorbent used water as the refrigerant 

as it has high latent heat of evaporation amoungs the available fluids and futher more 

waster is non toxic in nature and hence is easy to handle. The only disadvantage of 

water as refrigerant is its limitation of operating temperature i.e above 0oC. Therefore 

above 0oC methanol or ammonia is preffered with solid adsorbent, such as activated 

carbon[7]. 

 

The scope of this study is to present an review on working pair for adsorption 

refrigeration system by surveying lastest literatureon application basis. 

In further addition, this study aims to lead further research inorder to select 

appropriate working pair and development of adsorber bed. Here the working pairs 

are mainly classified I two classes first is classical working pair and second class is 

modern working pairs. And as there is number of literature published on same the 

data was plotted in table and summarized. 

 

 

ADSORPTION PAIR OVERVIEW 

Classical working pair 

The classical working as reported in[8] are Zeolite/water, silica-gel/water and 

activated carbon/ methanol. 

 

San et al.[8] conducted an experiment with the system having seven compenets which 

includes one condenser, one evaporator, one expansion device and four adsorber beds 

and designed ad multi bed adsorption heat pump figure:2 shows the setup. During 

operation adsorber bed periodically proceeds through four different modes; 

adsorption, pre-heating, regeneration and pre-cooling. As shown in figure:2  when 

adsorber(A) is in mode of adsorption other three (B),(C),(D) will be be in 

regeneration, precooling and pre-heating modes. From the experimentation of above 

set up the conclusion was drawn that amoungs the three used working pair activated-

carbon/ methanol pair has the heighest vapour pressure  in adsorber bed due to which  

the cycle time of the system is reduced.The result obtained  shows that for 30oC 

adsorbent is maximum possible content in adsorbent at pressure 5230 Pa. 
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Figure 2: Multibed heat pump[8]. 

 

Table 1: Classical working pairs[8] 
 

Adsorbent Adsorbate Maximim adsorption 

capcity(kg/kg) 

Tads 

(oC) 

P 

Bar 

ODP GWP 

Activated-carbon Methanol 0.259[8] 30 0.0523 0 2.8 

Silica-gel Water 0.116[8] 30 0.09587 0 NA 

Zeolite 13X Water 0.236[8] 30 0.09587 0 NA 

 

Modern working pair 

There are many modern working pairs published in the literature which are plotted 

below in table:2 and discussed about them. 

In two different ways the discussion is carried out i.e. according to the review studies 

and experimental studies as follows:- 

 

 

REVIEW STUDIES 

Askalany et al.[9] studied the working pair for potential application. In this study the 

classification of adsorption system was made on bassis the adsorption pair used. The 

study shows that activated carbon with ammonia, ethanol, 

methanol,nitrogen,hydrogen and diethyl ether and pitch based activated-carbon with 

R134a and R507a, n-butane. The conclusion shows that there was highest adsorption 

capacity for activated-carbon/hhydrogen pair as 0.055 g/g at -40C. The maximum 

COP was noticed for system with activated-carbon/ethanol pair as 0.8. 
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Aristov[10] discussed an overview of porous solid material from material science 

which can be used for adsorption process at low temperature heat source. He showed 

that the first family of oxides synthesized with silica(Metalaluminophosphate), the 

family of super molecular materials(Co-ordination polymer) and salt in  porous matrix 

composite sorbent of methanol in Licl/silica could adsorb upto 0.6g of methanol per 

gram of dry sorbent at 30oC.  

 

 

EXPERIMENT WORK 

Tso et al.[11] worked on the isotherm of adsorption process and adsorption rates and 

concluded that composite adsorbent(ACl2) was manufactured which was able to 

adsorb 0.23g of water per gram of dry adsorbent at 900Pa and this was 933% 

advancement over raw activated carbon the SCP of unit was 378 W/kg. Figure: 3 

shows experimental set-up utilized by author. 

Glazne et al.[12] intoduced a study on composite adsorbent, which were 

manufactured by meso-structured silicate(SBA-15) and Cacl2  adsorprion 

transformation of low temperature heat.This study concluded that ; smaller the pores 

larger was the cooling effect produced and maximum adsorption capcity of SBA-15 

with Cacl2 composite adsorbent was 0.7kg of water per kg of adsorbent measured at 

50oC. Figure:4 shows the schematic of setup.  

Lithoxous et al.[13] conducted an experiment using single wall carbon 

nanotubes(SWCNTs) as shown in figure:5 by utilizing pure H2, CH4, N2, CO, and 

CO2. This experiment shows that maximum adsorption capacity at 250C was 0.065 kg 

of H2 per kg of SWCNT at pressure of 1.92 MPa. 

Al-Ghouti et al.[14] constructed an adsorption refrigeration sytem as shown in 

figure:6 fin type tube heat exchanger was used with adsorbent mass per bed as 7.8-

8.4g and concluded that ether is flammable gas and has maximum adsorption capacity 

as 2.00028 mg per g at 350C and 0.305atm. 

 

 
Figure 3: Block diagram[11] 
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Figure 4: adsorprion transformation of low temperature heat[12] 
 

 

 
Figure 5: Snapshot adsorbent in carbon nano tubes[13] 
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Figure 6: Set up of adsorption system[14] 
 

 

Liu et al.[15] proposed work on design for a continuous silica-gel water adsorption 

chiller , with use of low temperature heat source ranging from 70 to 850C. The result 

from this work illustrated that COP of the system was 0.2-0.42 and cooling capacity 

2-7.3 kW. With maximum adsorption capacity of silica gel with methanol is 0.6kg.  

 

 
 

Figure 7: Schematic of adsorber bed[15] 
 

Table :2 represents various modern working pair used in adsorption refrigeration and 

air conditioning system used for various application. In the table below various 

working pairs along with their maximum adsorption capacity plotted with ODP and 

GWP of the refrigerants used in the system in order to select suitable working pair for 

adsorption system.  
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Table 2: Modern adsorption pair[11],[12],[13] 

 

Adsorbent Adsorbate Maximum adsorption 

capacity(kg/kg) 

Tads  

(K) 

Pbar ODP GWP 

Activated carbon H2 0.055 30 6 0 5.8 

Activated carbon 

fiber 

N2 0.75 -4 NA 0 NA 

MaxsorbIII R134a 2 30 8 0 1300 

MaxsorbIII R507 1.3 20 NA 0 3300 

MaxsorbIII n-butane 0.8 35 2.3 0 4 

Activated carbon Co2 0.084 30 1 0 1 

FAM-Z02 H2O 0.2 30 NA 0 NA 

Porous coordination 

polymer 

Methanol 0.19 30 NA 0 2.8 

Porous coordination 

polymer 

H2O 0.21 30 NA 0 NA 

Silica-Licl Methanol 0.6 30 NA 0 2.8 

Vermicalite-Bacl2 NH3 0.25 30 NA 0 0 

Activated carbon NH3 0.25 NA NA 0 NA 

Activated carbon Ethanol 1.2 NA NA 0 NA 

Metal hydrate H2 0.073 NA 0.6 0 NA 

Expanded Graphite NH3 0.259 NA NA 0 0 

Zeolite H2O 0.22 NA NA 0 0 

Zeolite N2 0.04 0 1 0 NA 

 

 

CONCLUSION 

This work presented here elaborated the working pair used for adsorption 

refrigeration system or air conditioning system with maximum adsorption capcity and 

environmental impact. 

 Maximum adsorption capacity  of classical working pair was found to be 

0.259 kg/kg for activated carbon/ methanol pair but its has  GWP. 

 Maximum adsorption capacity for modern pair was found to be 2 kg/kg for 

MaxsorbIII/ R134a pair but R134a has very high GWP uoto 1300. 

 This study also concluded that there is much scope of research in activated 

carbon powder which can contribute to more value of maximum adsorption 

capacity. 

 Focus must be given to chemical properties of the pair in order to have 

compact design of adsorber bed. 
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