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Abstract  
Performance of desiccant plays a crucial role in overall performance of the whole system, especially in terms of dehumidification 

and regeneration capacity. This review summarizes recent researches and developments on novel solid desiccant materials that 

can be adopted in SDC systems. This paper presents includes behavior of mono materials silica gel, zeolite and polymer and the 

composite materials which are based on silica gel, based on Mesoporous silicate, based on Aero gels at different regeneration 

temperature and RH. It also includes the comparison of the performance of silica gel and composite desiccant material at 

different ambient temperature. The results demonstrated that the composite adsorbents can be a good candidate for low 

temperature heat-driven adsorption cooling and dehumidification systems. 
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I. INTRODUCTION 

We all live in the era of the energy crises. It is very 

necessary for all of us to save the energy or produce the new 

source of the energy. All around the world, maximum 

energy utilized by the industries for the cooling purpose. So 

it is our duty to find out the new scope/way of the cooling 

technique over the conventional cooling system.  Desiccant 

material is widely used in various fields according to the 

working condition and requirement. Different types of 

desiccant materials use in the pharmaceutical industry. Here, 

We are discussing on the desiccant material for the desiccant 

cooling system. Working principle of the desiccant cooling 

system is dehumidification and evaporative cooling. The 

main advantage of the system is that, latent load and 

sensible load controlled individually. The word desiccant 

material is representing the  “moisture absorbing material.” 

Higher the moisture absorbing capacity, indicate the higher 

COP of the system. 
From the last decades, air conditioning industry 

face challenges for developing a new cooling technique, 

over a conventional VCR (Vapor Compression 

Refrigeration) system.  Desiccant cooling system have more 

advantages over a conventional VCR system as described 

below. 

1. Low grade energy is use to operate SDC, like non-

conventional sources.(e,g- solar energy,  

geothermal energy), so we can able to save a huge 

energy. 

2. In desiccant cooling system, water is used as a 

material of refrigerant, and most of the desiccant 

materials are eco-friendly. 

3. Desiccant cooling system has lower operating cost 

as compare the VCR. 

4. Vapor conventional system is handle the air at 4 
0
C 

(dew point temp) while desiccant cooling system 

can be handle the air at -40 
0
C (dew point temp). 

 
II. TYPES OF DIFFERENT DESICCANT 

MATERIALS. 

With progress in the material science, various new 

types of solid and liquid desiccant material are 

introduced and research going on that materials. 

Research is going on to develop new advance 

material with improved moisture adsorption 

capacity, regeneration capacity and its stability. 

 

 

There are mainly two types of desiccant material 

according to their phase. (i) Liquid desiccant 

material (ii) Solid desiccant material.  

According to the various researchers, we 

can able to say that, solid desiccant cooling system 

is more reliable as compare to liquid used desiccant 

cooling system. Handling of the desiccant material 

is easy in the solid desiccant cooling system as 

compare the liquid desiccant cooling system.  

 

2.1. Low regeneration temperature desiccant 
materials[1]

:  

Typically, silica gel is used as a desiccant material 

in a desiccant cooling system. Regeneration 

temperature of silica gel is quite high. So that, it is 

important to find out the alternate of the silica gel, 

which satisfied all the condition of the desiccant 

cooling system. Zeolite is one of the optional 

material used as a desiccant. The Comparison of 

the silica gel, zeolite, and polymer wheel are given 

below. Dehumidification performance of the silica 

gel, zeolite and super adsorbent polymer is 

graphically shown in fig.1 

1. The moisture adsorption capacity increase with 

increasing relative humidity (RH). 

2. Silica gel, is more suitable in all condition as 

compare to zeolite. But at higher RH, they both 

give same performance.    

3. The performance of the super adsorbent polymer is 

more than silica gel at lower regenerating 

temperature (50 
0
C) and at higher RH (>50 % at 

30
0
C) 
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Fig.1

 

 

2.2. Composite Desiccant:- 

In the recent years, the composite desiccant 

materials are frequently used, as compared the 

individual material. They are formed by 

impregnating salt of hygroscopic to pores of porous 

desiccant material. Silica gel and meso- porous 

silicate are the conventional porous desiccant 

material. They have the advantages of the lower 

cost and stable characteristics. On other hand, the 

disadvantage is that, low adsorption capacity leads 

to big size of the desiccant cooling unit. 

Silica gel based composite and meso-porous 

silicate based composite material are discuss 

below. 

 

2.2.1. Composite based on Silica gel 
Silica gel is the most widely used as a host of other 

desiccant material. This is because of its, lower 

cost and lower regeneration temperature. LiCl, 

LiBr, KSK, CaCl2 are the different material, those 

are composite with silica gel. Adsorption capacity 

of the SG/LiCl composite was 2 to 3 times higher 

than pure silica gel at higher RH. From the 

researchers result analysis , we can say that, under 

actual operating condition the adsorption capacity 

of the composite desiccant wheel is increased by 20 

to 40 %, compared to conventional silica gel. 

Various combination of the different desiccant 

material and its adsorption capacity shown in the 

fig.2. 

 

 
Fig.2

[2]
 

 

2.2.2 Mesoporous silicate based composite:

  

By hydrothermal formation of the silica gel, a new 

group of order silicate of mesoporous are prepared. 

Mesoporous silicate gives better performance in 

terms of adsorption capacity over a simple silica 

gel.   It can be seen that, with narrow pore size 

distribution, synthetic mesoporous silicate can not 

only be adopted as desiccant material but also be 

adopted as host materials within composite 

desiccant. Performance of the mesoporous silicate 

based composite are shown in the fig.3.
 [3,4,5,6]

 

 

 
Fig.3 

2.2.3 Aerogels 

Aerogels materials are formed by a sol-gel 

synthesis and drying of the gel. Porous 

nanostructured material with approximate 90 to 

99% air by volume, is called an aerogel. Due to the 

high porosity and higher surface area, the ability of 

the adsorbent of the water vapor and gases are 

higher. Different types of the aerogel materials are: 

silica aerogel, alumina oxide aerogel, silica oxide 

aerogel etc. Adsorption capacity of the silica 

aerogel is approximate 1.35 g/g. Water adsorption 

capacity of the carbon aerogel is also high as like a 

silica gel aerogel. Performance in terms of water 

adsorption capacity of different aerogels materials 

are shown below. 
[7,8,9,10] 

 

 
Fig.4 
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2.2.2. 2.2.4 Performance comparison of 

silica gel and composite material
[11]

 

 

The comparison between regular silica gel, and 

from composite desiccants given at different supply 

air temperature at different relative humidity is 

given in the form of adsorption capacity. It is seen 

that the new composite desiccant. 

 

 
Fig.5 

wheel can remove more moisture from the air, 

about 40e50% higher over the silica gel one, 

indicating a better performance for using new 

materials at the rotation speed of 12 r/h. In the 

analysis, the Nusselt number and the Sherwood 

number are both taken as 20, which agree with the 

experimental observation in this study 

 

 

 

III. CONCLUSION 

From above all discussion, one can able to 

conclude following listed points. 

1. Compound desiccant material gives better 

performance over a single desiccant material. 

2. Adsorption capacity of the same material is 

different at different RH. 

3. Adsorption capacity of the material is also depend 

on the pore size of that material. 

4. Regeneration temperature of the material is also a 

major parameter of selection of the materials. 

 

REFERENCES 

 

 
[1] White, Stephen D., et al. "Characterization of desiccant 

wheels with alternative materials at low regeneration 
temperatures." International journal of refrigeration 
34.8 (2011): 1786-1791. 

[2] Zheng, X., T. S. Ge, and R. Z. Wang. "Recent progress 
on desiccant materials for solid desiccant cooling 
systems." Energy 74 (2014): 280-294. 

[3] Beck, J. S., et al. "A new family of mesoporous 
molecular sieves prepared with liquid crystal 
templates." Journal of the American Chemical Society 
114.27 (1992): 10834-10843. 

[4] Kresge, C. T., et al. "Ordered mesoporous molecular 
sieves synthesized by a liquid-crystal template 
mechanism." nature 359.6397 (1992): 710-712. 

[5] Inagaki, S., Y. Fukushima, and K. Kuroda. "Synthesis 
of highly ordered mesoporous materials from a layered 
polysilicate." J. Chem. Soc., Chem. Commun. 8 (1993): 
680-682. 

[6] Collier, R. K., T. S. Cale, and Z. Lavan. Advanced 
desiccant materials assessment. Final report, February 
1985-May 1986. No. PB-87-172805/XAB. Enerscope, 
Inc., Glendale, AZ (USA), 1986. 

[7] Gauthier, Ben M., et al. "A fast supercritical extraction 
technique for aerogel fabrication." Journal of non-
crystalline solids 350 (2004): 238-243. 

[8] Hrubesh, Lawrence W. "Aerogel applications." Journal 
of Non-Crystalline Solids 225 (1998): 335-342. 

[9] Reichenauer, G. "Aerogels. Kirk-othmer encyclopedia 
of chemical technology." (2008). 

[10] Knez, Zeljko, and Zoran Novak. "Adsorption of water 
vapor on silica, alumina, and their mixed oxide 
aerogels." Journal of Chemical & Engineering Data 
46.4 (2001): 858-860. 

[11] Jia, C. X., et al. "Use of compound desiccant to develop 
high performance desiccant cooling system." 
International Journal of Refrigeration 30.2 (2007): 345-
353. 

 

 

 

 

 

  


