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Abstract: Adsorption chiller can produce cold energy, 

using the waste heat from the industries and the energy 

from the sun, thus reducing the energy consumption. A 

major waste, fly ash, can be converted to zeolite and 

used in adsorption chiller as adsorbent. In this thesis 

research, three different types of zeolites were 

synthesised from fly ash via a hydrothermal reaction in 

an alkaline solution (NaOH). Later, the samples (Na-A 

zeolites) were modified with K2CO3. XRD analysis 

suggests, desired zeolites have been formed properly, 

but other crystalline phases also exist. The determined 

specific surface area for Na-A zeolite (12 h) and Na-A 

zeolite (24 h) are 45 m2/g and 185 m2/g respectively, 

while the specific surface area for synthesized 13X 

zeolite is almost negligible. Water-isotherm for each of 

these sample were produced with the data obtained 

from DVS Vacuum-Surface Measurement System. 

Equilibrium adsorption at lower pressure steps was 

almost reached in less than 25 minutes for 13X zeolite 

and less than 20 minutes for Na-A zeolites, which is 

almost similar/better than silica gel. At usual operating 

conditions for adsorption chiller, available water vapor 

for evaporation for the synthesized samples is also very 

low, 1.73% and 1.27% for first and second operating 

conditions respectively for synthesized 13X zeolite, 

whereas no water vapor is available for evaporation for 

Na-A zeolite (12 h) and Na-A zeolite (24 h) zeolites. 

This analysis implies that among the synthesized 

materials, only 13X zeolite has some potential to be 

used in adsorption refrigeration system but cannot 

replace silica gel. 

Key Word: Adsorption Chiller, Fly Ash, Zeolite, 

XRD, Specific Surface Area, Water Adsorption. 

1.0. Introduction 

The demand for cold energy is on the rise. The 

common refrigeration systems use electricity[1]. In 

2019, 8.5% of total generated electricity was used for 

indoor cooling. The energy demand has tripled since 

1990 [2]. It has been projected that number of AC unit 

will increase to 5600 million in 2050 from 1600 million 

in 2016 [3]. So, electricity consumption will also 

increase for the purpose of cooling. This electricity 

mainly comes from fossil fuels. In the year 2018, coal, 

natural gas and oil constituted 39%, 26% and 3% of 

total electricity generation [4]. It ultimately affects the 

environment. Also, HCFC is used as alternative to CFC 

in adsorption chiller to avoid damage to ozonosphere. 

But it has some greenhouse effects and also causes 

damage to ozonosphere[1]. 

There are many ways to desalinate the saline water 

such as multi-effect desalination, multi-stage flash 

desalination, membrane-based reverse osmosis [5]. 

These systems are very energy consuming. From 2010 

to 2016, world’s total water desalination capacity has 

increased by 9% each year [6]. This process is also very 

costly and adsorption desalination is a cheaper 

alternative[5].  

We have solar energy and geothermal energy in the 

environment and waste energy from industries with 

low to very low temperature ranges. Adsorption chiller 

can utilize this heat with low temperature range. 

Adsorption refrigeration has a wide variety of 

adsorbents, including different physical and chemical 

adsorbents [1]. Physical adsorbents are driven by low 

grade heat, such as zeolite-water pair works in the 

range of 70–250 ∘C, silica gel-water pair works in the 

range of 55–120 ∘C, activated carbon-methanol pair 

works up to 120 ∘C temperature and activated carbon-

ammonia pair works usually up to 150 ∘C temperature 

(can be used up to 200 ∘C or more) [1,7]. The used 

refrigerants have no ODP (Ozonosphere depletion 
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potential) and  GWP (Greenhouse warming potential). 

But it is not as efficient as absorption refrigeration. The 

volume is also larger [1]. 

The performance of the adsorption chiller largely 

depends on the amount of adsorbed refrigerant, 

required time of adsorption/desorption, the 

temperature of adsorption and desorption, heat of 

adsorption and desorption, heat and mass transfer etc. 

The purpose of this thesis research is to synthesize Na-

A and 13X zeolites from fly ash and analyse the 

potential application of these adsorbents compared to 

the performance of silica gel with regard to adsorption 

chiller. The objective of the work is as follows: 

1. Synthesis of zeolite from fly ash by a 

hydrothermal reaction process and 

modification with K2CO3. 

2. Characterization of the source material, silica 

gel and the synthesised materials, such as 

specific area measurement and XRD analysis. 

3. Determination of adsorption isotherm and 

adsorption kinetics of the samples in DVS 

Vacuum- Surface Measurement System. 

4. Performance analysis of the synthesised 

materials in regard of adsorption chiller with 

comparison to silica gel. 

2.0. Literature Review and State of Art 

2.1. Adsorption: Adsorption can be defined as 

adhesion of molecules of adsorbate on the surface of 

the adsorbent. There are basically two types of 

adsorptions, namely Physical and Chemical 

Adsorption. Physical adsorption occurs due to the van 

der walls bond. In contrast, the chemical adsorption 

occurs due to covalent bond and ionic bond. Physical 

adsorption releases low heat [8]. This enables us to use 

low temperature heat source in adsorption chiller. 

2.2. Zeolite: Some of the most common physical 

adsorbents are activated carbon, activated carbon fiber, 

silica gel, and zeolite [1]. Our topic of interest is 

zeolite. 

Zeolite is a microporous material that contains 

aluminium, silicon, and oxygen in its main three-

dimensional crystalline structure and also includes 

cations and water [1]. The chemical formula of zeolite 

is My/n[(AlO2)y(SiO2)m]zH2O [1]. 

Here, y and m are all integer and m/y is equal to or 

larger than 1. n is the chemical valence of positive ion 

of M and z is the number of water molecules inside a 

crystal cell unit [1]. We have worked with Na-A zeolite 

and Na-X (13X) zeolite. 

Na-A zeolite (LTA) is one of the family members of  

the aluminosilicate molecular sieves with chemical 

formula of this zeolite is |(Na+12(H 2O) 27|8[Al 

12Si12O48]8 . The Si/Al ratio is 1 [10].  

Na-X zeolite (FAU) is also one of the family members 

of aluminosilicate molecular sieves. The chemical 

formula of FAU is |(Ca, Mg, Na2)29 

(H2O)240|[Al58Si134O384] [11] with the Si/Al ratio in Na-

X zeolite ranging between 1 to 1.5 [11]. 

 

Figure-1: Framework of Na-A and Na-X Zeolite [9] 

2.4. Adsorption Isotherm Models: There are different 

models for adsorption isotherm such as the Langmuir 

model, the Freundlich model, the Brunauer, Emmett, 

and Teller (BET) model  etc. The BET model has been 

used to determine the specific surface area of the of the 

samples from nitrogen-isotherms (at -196 °C). 

BET Model: It is applied to multi-layer adsorption. 

According to the BET theory, the equation for surface 

coverage is as follows [12], 

𝑎 =
𝑎𝑚𝐶

𝑃

𝑃𝑂

(1−
𝑃

𝑃𝑜
)[1+(𝐶−1)

𝑃

𝑃𝑂
]
………………………..1 
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Here, “a” is the total amount of adsorbed vapour, “am” 

is the monolayer capacity, C is the BET constant, P is 

the pressure and P0 is the saturation pressure [12]. C 

can be defined as following [13]. 

𝐶 = 𝐸𝑋𝑃(
𝐻𝑙−𝐻1

𝑅𝑇
) ………………………..2 

Here, H1and Hl are, respectively, the adsorption 

enthalpies of the first layer and its subsequent ones. T 

is absolute temperature and R is the universal gas 

constant [13]. 

Plotting (p/po)/(a(1–p/po)) vs P/Po in graph we can get 

the values for the constants of this equation such as C 

and am [12]. Surface area can be calculated from the 

following equation [12]. 

S=am.L. σm/m………………………..3 

Here, S is specific surface area, L is  avogadro constant, 

σm  is molecular cross‐sectional area and m is the mass 

of adsorbent [12].  

2.5. Adsorption Isotherm Types: There are mainly 5 

types of adsorption isotherm, namely Type I, Type II, 

Type III, Type IV and Type V. Among them  Type I, 

Type II and Type III are for reversible adsorption types, 

whereas Type IV and Type V are for irreversible 

adsorption types. Another type is Type VI [14, 15]. 

These isotherms have significant use in this research 

work. The determined water isotherms are compared 

with these standard isotherm types to find out similar 

shapes and that can give us some important hints on the 

material’s adsorption process, porosity type, etc. 

 

Figure-2: Adsorption isotherms in the classification [14]. 

2.6. Hysteresis: In physical adsorption hysteresis is 

observed mainly in mesoporous materials and results 

from capillary condensation. According to IUPAC, 

there are four types of hysteresis loops such as H1, H2, 

H3 and H4. Another additional type is H5 [15]. 

 

Figure-3: Classification of Hysteresis Loops [15] 

2.7. Adsorption Refrigeration Process: The basic 

adsorption refrigeration cycle includes four steps. 

 

Figure-4: Ideal adsorption refrigeration cycle [16]. 

The pre-heating (A−B) section represents isosteric 

heating which result in increase of pressure and 

temperature. The desorption process (B−C) is an 

isobaric desorption process. In this section of 

operation, the temperature of the bed gradually 

increases, and refrigerant desorbs. The pre-cooling 

process (C−D) is isosteric cooling and it results in the 

decrease in temperature and pressure in the bed. The 

adsorption process (D−A) process comes after the 

isosteric cooling. In this period the effective cooling 

takes place due to the vaporization of the refrigerant in 

the evaporator[16]. 

2.8. Coefficient of Performance (COP): COP is 

defined by the ratio of the heat received by the 

evaporator (heat of vaporization) to the heat delivered 

for the heating process [17]. The equation is as follows: 
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COP= 
𝑄𝑒

𝑄12+𝑄23
…………..(4) 

where Qe is evaporator cooling heat (kJ), Q12 is 

isosteric heat of adsorption bed (kJ), Q23 is isobaric 

desorption heat of adsorption bed (kJ) [17]. 

2.9. Specific Cooling Power: Intensification of heat 

transfer of adsorption bed can greatly reduce the cycle 

time and that in turn can increase the specific colling 

power per kilogram of the adsorbent, SCP [1]. SCP can 

be defined by the following equation. 

SCP = 
𝐿∆𝑥

𝑡𝑐
…………..(5) 

Here, L is the latent heat of vaporization, tc is cycle 

time, and Δx is cycle adsorption quantity [1].  

3.0. Experimental Method 

3.1. Sample Preparation Method: Na-A zeolite (12 

h) (Sample-1), Na-A zeolite (24 h) (Sample-2) and 13X 

zeolite (Sample-3) were prepared from fly ash. The Na-

A zeolites were also modified with K2CO3. The fly ash 

was collected from a power plant in Poland. The 

composition includes SiO2 = 45.50%, Al2O3 = 23.10%, 

Fe2O3 = 7.38%, CaO = 6.30%, MgO = 4.22%, Active 

CaO+MgO = 0.55%, S = 0.54%, SO4
2- = 1.62%, TiO2 

= 0.72%, P2O5 = 0.29%, Mn3O4 = 0.17, Na2O = 1.55%, 

K2O = 2.96 and Combustion Loss = 6.42%. 

3.1.1. Na-A Zeolite (12 h and 24 h) Preparation: 10 

g fly ash was mixed with 12 g NaOH. The mixture was 

exposed to 550 °C temperature for 1 h. It was cooled 

downed to room temperature and grinded for 1 h. Then 

distilled water was added at 4: 1 ratio. This slurry was 

stirred in room temperature for 12 hours. It was 

exposed to 100 °C for 12 h and 24 h respectively. The 

samples were washed with distilled water and filtered. 

The obtained sample was dried in 100 °C for 12 h. 

Modification with K2CO3 (Na-A Zeolite - 12 h): 5 g 

of zeolite was added with 2.5 g of K2CO3 and 25 ml of 

distilled water. It was stirred at room temperature for 

24 h. Then it was dried at 60 °C. The last step was the 

calcination at 300 °C for 4 h. 

Modification with K2CO3(Na-A Zeolite - 24 h): 100 

g of zeolite was added with 50 g of K2CO3 and 500 ml 

of distilled water. It was stirred at room temperature for 

10 h. Then it was dried at 105 °C. The last step was the 

calcination at 300 °C for 2 h. 
 

3.1.2. 13X Zeolite Preparation: Fly ash was calcined 

at 800 °C to remove remaining carbon and volatile 

materials. The calcined sample was treated with HCl to 

dealuminate the fly ash and removed iron oxide to a 

certain extent. Then NaOH was added to fly ash at ratio 

of 1.5:1 (weight). This mixture was exposed to 550 °C 

for 1 h and later cooled down to room temperature. 

Later the sample was grinded and distilled water was 

added at the ratio of 10 g fly ash/100 mL water. The 

obtained mixture was stirred for hours. Then, it was 

allowed to settle at 90 °C for 6 h. After that, distilled 

water was used to wash the sample and filtered to get 

rid of the remaining sodium hydroxide, and later dried. 

3.2. XRD Analysis: The XRD analysis was done at 

room temperature, using CuKα radiation. The used 

instrument was Panalytical Empyrean diffractometer 

equipped with PIXel3D detector. The applied 2θ range 

was 10-110 degree. The percentage of crystalline 

phases were determined by semi-quantitative method, 

and it was implemented in the HighScore software. 

3.3. Surface Area Analysis: The surface area of the 

samples was determined using the BET model. The 

isotherms were developed with nitrogen adsorbent at -

196 °C. The used instrument was Gemini V 2.00  

(model 2380). All the samples were dehydrated 

overnight at 250 °C temperature. 

3.4 Isotherm Determination: The DVS vacuum -

surface measurement system was used for 

determination of the water adsorption isotherm. The 

method set in the software. We set parameters like 

system temperature, relative pressure step (P/Po), time 

duration for each step, the activation temperature (170 

oC) for 90 minutes, incubator temperature and vapor 

flow rate. The data for dynamic sorption was created 

and recorded automatically in the software which was 

used for determining the isotherm. 

 



5 
 

4.0. Results and Discussion 

4.1. XRD Analysis 

4.1.1. Na - A Zeolite (Sample-1 and Sample-2) 

 

 

 

Figure-5: XRD Peaks Na-A Zeolite, (a) Commercial 

[18] (b) Sample-2 (c) Sample-2 

Discussion: For commercial Na-A zeolite, we see 

peaks at 10.08, 12.4, 16.04, 21.64, 23.96, 26.08, 27.06, 

29.92, 30.08, 32.58, 34.18, 35.78, 36.48, 41.46, 44.14, 

47.24, 47.86, 52.58, 54.26, 57.46, 66.62 and 69.12. For 

Sample-1, we see reflections at 10, 12.5, 16.1, 21.6, 

24,26,30, 32.8, 34.3, 35.8, 36.5, 41.5, 44.15, 47.25, 

47.9, 52.6, 57.5, 66.7 and 69.12, which almost 

superimposes on the reflection peaks of commercial 

zeolite. For synthesized Na-A Zeolite (24 h), we see 

reflections at 10.08, 12.5, 16.04, 21.6, 24, 26,08, 27.1, 

30, 32.6, 34.2, 35.8, 36.5, 41.5, 44.14, 47.25, 52.6, 

54.3, 66.7 and 69.1, which almost superimposes on the 

reflection peaks of commercial zeolite. We see other 

peaks. Other detected phases are Potassium 

Aluminium Silicon Oxide and Sodium Calcium 

Aluminium Silicate Hydrate for sample-1, and 

Calcium Hydroxide and Potassium Hydrogen 

Carbonate for Sample-2. 

4.1.2. 13X Zeolite 

 

 

Figure-6: XRD Result Comparison 13X Zeolite, (a) 

Commercial[19] (b) Sample-3 

Discussion: Figure-6 shows, for commercial zeolite, 

the peaks are at 9.9, 11.68, 15.42, 18.36, 20.04, 22.44, 

23.34, 26.62, 29.2, 30.26, 30.88, 31.96, 32.58, 33.56, 

34.08, 37.28, 40.76, 41.2, 51.6, 53.12, 57.38, 63, 64, 

67.8 and 71.78. For our sample, we see reflections at 

11.7, 15.45, 18.4, 20.04, 22.45, 23.4, 26.6, 29.2, 30.3, 

30.8, 32,05, 32.6, 33.8, 34.1, 37.3, 40.7, 41.2, 51.6, 

53.13, 57.4, 63.1, 68 and 72, which almost 

superimposes on the reflection peaks of commercial 

zeolite. We see other peaks as well. Other detected 

phases are Sodium Hydrogen Carbonate, CaCO3, 

Sodium Aluminium Silicon Carbonate Oxide. 

 4.1.2. Surface Area Analysis  

 
Figure-7: Adsorption Isotherm (at -196 oC) 

(a)Commercial 

(b)Sample-1 

(c)Sample-2 

(a)Commercial 

(b)Sample-3 
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Using the isotherms in figure 7, BET analysis has been 

done to determine the specific surface area of these 

samples. Determined specific surface area for Silica 

Gel is 613 m2/g. For sample-1 and sample-2, the 

obtained specific surface area is 45 m2/g and 185 m2/g 

respectively, much lower than commercial Na-A 

Zeolite (850 m2/g) [20]. It suggests, there are presence 

of non-porous crystalline and amorphous phases in 

synthesized samples. For both, synthesized 13X zeolite 

and Fly Ash, the obtained specific surface area is 

almost negligible. It suggests, the sample-3 mostly 

contains non-porous amorphous mass. 

4.2. Adsorption Isotherm and Potential Use in 

Adsorption Chiller 

4.2.1. Silica Gel 

 

Figure-8: Adsorption Isotherm for Silica Gel (25 oC) 

 

Figure-9: Adsorption Kinetics for Silica Gel (25 oC) 

 

Figure-10: Adsorption Kinetics for Silica Gel (65 oC) 

 

Figure-11: Adsorption Isotherm for Silica Gel (65 oC) 

Discussion: 

Figure 8 to 11 show that the adsorption isotherm and 

kinetics for silica gel. This was achieved in 25 minutes 

time step. But adsorption kinetics suggests that it could 

have adsorbed and desorbed (for lower P/Po) more if 

time were increased. The isotherm resembles type IV 

isotherm. The hysteresis looks like a H2(b). 

4.2.2. Synthesized Na – A Zeolite (12 h) 

 

Figure-12: Adsorption Isotherm for Sample-1 (25 oC) 

 

Figure-13: Adsorption Kinetics for Sample-1 (25 oC) 

 

Figure-14: Adsorption Isotherm for Sample-1 (65 oC) 
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Figure-15: Adsorption Kinetics for Sample-1 (65 oC) 

Discussion: 

Figure 12 to 15 show adsorption isotherm and kinetics 

for Sample-1. The isotherm resembles type IV. The 

adsorption in lower pressure region occurred due to 

presence of zeolite. The increase in adsorption in 

higher pressure region occurred due to capillary 

condensation in intergranular voids and hydration. The 

hysteresis does not close even at lower P/Po for 25 oC. 

Potential Use in Adsorption Chiller: COP and SCP 

largely depend on how quickly the adsorbent can 

adsorb and desorb the refrigerant and at what amount, 

under the working condition [1, 17].  

For this sample, the adsorption occurred for 60 

minutes. But, if we look at adsorption kinetics for our 

sample in figure-13 and 15, it actually took less than 20 

minutes to reach equilibrium (almost) at lower P/Po, 

whereas for silica gel it was around 25 minutes. It 

implies that this sample will have better adsorption 

refrigeration cycle time compared to silica gel.  

During adsorption, the pressure of the adsorbent bed is 

always lower, usually above 15% of the saturation 

pressure and sometimes can be as high as 45%. The 

temperature usually ranges between 25-40 oC mostly 

[21, 22, 23, 24, 25]. Same papers suggest, during 

desorption of the refrigerant the temperature varies 

significantly (usually more than 65 oC), whereas the 

pressure is usually less than 5% of the saturation 

pressure of the respective temperature and sometimes 

it can be around 10% or more as well. Based on these 

research works, two different working conditions have 

been considered. 

First, for adsorption, if we consider 25 oC temperature 

and 30%  of saturation pressure (for water at 25 oC), we 

observe that silica gel (14.37 %) adsorbed much more 

water vapor than this sample (1.66%) at this 

temperature and pressure. For desorption, if we 

consider the temperature is 65 oC and pressure is 10% 

of the saturation pressure, the adsorption amount at this 

condition is 9.68% and 6.99% for sample-1 and silica 

gel respectively. So, at these conditions, the amount of 

water available for vaporization for sample-1 and silica 

gel should be 0% and 7.38% respectively. So, our 

sample cannot produce any cold energy.  

Second, for adsorption, if we consider 25 oC 

temperature and 20%  of saturation pressure (for water 

at 25 oC), and for desorption, if we consider the 

temperature is 65 oC and pressure is 10% of the 

saturation pressure, the amount of water available for 

vaporization for sample-1 and silica gel should be 0% 

and 3.03% respectively. So, again, our sample cannot 

produce any cold energy. 

4.2.3 Synthesized Na – A Zeolite (24 h) 

 

Figure-16: Adsorption Isotherm for Sample-2 (25 oC) 

 

Figure-17: Adsorption Kinetics for Sample-2 (25 oC) 

 

Figure-18: Adsorption Isotherm for Sample-2 (65 oC) 
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Figure-19: Adsorption Kinetics for Sample-2 (65 oC) 

Discussion: 

Figure 16 to 19 show the adsorption isotherm and 

kinetics for Sample-2. The isotherm resembles type IV. 

The adsorption in lower pressure region occurred due 

to presence of zeolite. The increase in adsorption in 

higher pressure region occurred due to capillary 

condensation in intergranular voids. It seems KHCO3 

also contributed, while hydration played a part 

probably. It has significant hysteresis issue. It does not 

close even at lower pressure for 25 oC. 

Potential Use in Adsorption Chiller:  

For this sample, the adsorption occurred for 60 

minutes. But, if we look at adsorption kinetics for our 

sample in figure 17 and 19, it actually took less than 20 

minutes to reach equilibrium (almost) at lower P/Po, 

whereas for silica gel it was around 25 minutes. It 

implies that this sample will have better adsorption 

refrigeration cycle time compared to silica gel.  

As I previously explained, based on the previous 

research works, I am considering two different 

working conditions for this sample as well. 

First, for adsorption, if we consider 25 oC temperature 

and 30%  of saturation pressure (for water at 25 oC), 

and for desorption, if we consider the temperature is 65 

oC and pressure is 10% of the saturation pressure, then, 

the amount of water refrigerant available for 

vaporization at the evaporator in case of our sample 

and silica gel should be 0% and 7.38% respectively. So, 

our sample cannot produce any cold energy and replace 

silica gel as adsorbent for adsorption chiller.  

Second, for adsorption, if we consider 25 oC 

temperature and 20% of saturation pressure (for water 

at 25 oC), and for desorption, if we consider the 

temperature 65 oC and pressure is 10% of the saturation 

pressure, then, the amount of water refrigerant 

available for vaporization at the evaporator in case of 

our sample and silica gel should be 0% and 3.03% 

respectively. So, again, our sample cannot produce any 

cold energy. 
 

4.2.4 Synthesized 13X Zeolite 

 

Figure-20: Adsorption Isotherm for Sample-3  (25 oC) 

 

Figure-21: Adsorption Kinetics for Sample-3 (25 oC) 

 

Figure-22: Adsorption Isotherm for Sample-3 (65 oC) 

 

Figure-23: Adsorption Kinetics for Sample-3 (65 oC) 

Discussion: 

Figure 20 to 23 show that the adsorption isotherm and 

kinetics for Sample-3. The isotherm resembles type VI 
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isotherm. The adsorption in lower pressure region 

occurred due to presence of zeolite. The increase in 

adsorption in higher pressure region occurred due to 

capillary condensation in intergranular voids. It seems 

NaHCO3 also contributed, while hydration played a 

part probably. It also has significant hysteresis issue.  

Potential Use in Adsorption Chiller: For this sample, 

the adsorption occurred for 60 minutes. But, if we look 

at adsorption kinetics for our sample in figure 21 and 

23, it actually took less than 25 minutes to reach 

equilibrium at lower P/Po. For silica gel it was around 

25 minutes. It implies, for this sample adsorption 

refrigeration cycle time will be similar or less, 

compared to silica gel.  

As I previously explained, I am considering two 

different working conditions for this sample also. 

First, for adsorption, if we consider 25 oC temperature 

and 30% of saturation pressure (for water at 25 oC), 

and, for desorption, if we consider the temperature is 

65 oC and pressure is 10% of the saturation pressure, 

then the amount of water available for vaporization for 

sample-3 and silica gel should be 1.73% and 7.38% 

respectively. So, our sample can definitely produce 

some cold energy,  but it cannot replace silica gel as 

adsorbent for adsorption chiller.  

Second, for adsorption, if we consider 25 oC 

temperature and 20% of saturation pressure (for water 

at 25 oC), and for desorption, if we consider the 

temperature is 65 oC and pressure is 10% of the 

saturation pressure, then, the amount of water 

refrigerant available for vaporization at the evaporator 

in case of our sample and silica gel should be 1.27% 

and 3.03% respectively. So, again, our sample can 

produce some cold energy,  but it cannot replace silica 

gel as adsorbent for adsorption chiller.  

5.0. Conclusion 
XRD analysis substantiated that the targeted 

compounds have been synthesized successfully. But 

the presence of other non-porous crystalline phases and 

amorphous phases is also evident. The impregnation of 

K2CO3 did not happen in desired manner totally and 

ended up developing other phases. The conversion 

percentage was low and for 13X zeolite, it was 

negligible. Considering the usual operating condition 

in adsorption chiller, it has been found that our 

synthesized Na-A zeolite samples cannot produce any 

cold energy, whereas the synthesized 13-X zeolite has 

some potential to create some cold energy. But it 

cannot replace silica gel in adsorption chiller. 
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