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Abstract 
 

The purpose of the study was to develop the calcium oxide ( CaO)  from chicken and 

duck eggshells as a humidity adsorbent.  The CaO powder was prepared from the calcined 

eggshells at 1300C for 4h.  The samples were characterized by X-ray diffraction ( XRD) , 

Fourier transform infrared analysis (FTIR)  and scanning electron microscope (SEM) . From 

the results, the hydration rate of CaO from chicken and duck eggshell was 0. 1805 and 

0. 2406% RHmin-1, respectively.  Moreover, the hydration rate of sample decreased with 

increasing the cycle of repeatability testing.   The CaO phase from both eggshells partly 

transformed into portlandite phase of calcium hydroxide ( Ca( OH) 2)  after the humidity 

adsorption testing which confirmed by XRD result.  Furthermore, the CaO from duck 

eggshells absorbed the humidity faster than chicken eggshells. In this study suggested that the 

CaO powder from the both waste eggshells could be used as an alternative humidity 

adsorbent for the commercial and industries. 
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Introduction 

The humidity problem is the one problem that affects in many industries such as food, 

medical, electronics and furniture industries [ 1] .  It also of great importance to control the 

temperature and relative humidity because it can cause damage of products due to excess the 

humidity. Many products require a constant humidity control at appropriate level for control 

quality of products.  Therefore, the desiccant filling into the product packaging to absorb 
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moisture has been commonly used in practice.  However, the desiccant should be a low-cost 

and insensitivity to toxic pollutants not toxic to the environment [2]. In humidity adsorption, 

there are many types of absorbent used include activated carbon, natural clay, molecular 

sieve and silica gel that were generally used to maintain the adverse effect of humidity [3] . 

Especially, silica gel has been commonly used as a desiccant for many years due to their 

great porous surface area and good moisture adsorption capacity. However, due to high cost, 

many researchers have been chosen to employ with locally available low-cost natural 

materials.  In the recent year, the powder eggshells have been used successfully for the 

removal of oxalic acid from wastewater [ 2] , heavy metals [ 4] , dyes [ 5]  and phenolic 

compounds [ 6] .  In addition, the eggshells, a waste material from households and fast food 

industries, consists of about 95% of calcium carbonate that can use as the calcium source for 

calcium oxide (CaO)  synthesis.  Due to the porous on the surface of eggshells about 700 to 

1,700 pores [7] good mechanical properties and thermal stability of them results in CaO that 

synthesized from eggshells will adsorb a much greater amount of water vapor than other 

materials and attractive as adsorbent.  Many researchers have been developing the desiccant 

from eggshells ( calcium carbonate; CaCO3) .  Nevertheless, in this study, the CaO which 

derived from waste chicken and duck eggshells was chosen to study for the humidity 

removal. The hydration rate and effect of repeatability testing of CaO was investigated using 

X-ray diffraction ( XRD) , Fourier transform infrared analysis ( FTIR)  and scanning electron 

microscope ( SEM)  techniques, respectively to develop the CaO from waste eggshells as 

alternative low-cost desiccant for the commercial and industries. 

 

Research Methodology  

Sample preparation 

The waste chicken and duck eggshells that obtained from King Mongkut’s University 

of Technology Thonburi canteen were removed the membranes and cleaned with distilled 

water. After dried in the air for a few days, the both eggshells were finely grinded to obtain 

the powder.  To prepare the CaO for humidity adsorption testing, the eggshell powder was 

calcined at 1300C for 4 h with a rate of 5Cmin-1.  

Humidity adsorption testing 

For setting experimental system, a dimension of the box with 6×6×8 inch was built up 

for humidity adsorption testing of the samples.  The humidity sensor DHT22 was used for 

measuring the humidity and temperature in a box.  The hydration rate of CaO from chicken 
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and duck eggshells was examined in the range of 75 to 5% RH at room temperature.  The 

initial humidity of experimental at 75% RH was set in a box. After that, the 20, 30 and  40 g 

of CaO which placed in the crystallizing dishes was put into the box and recorded the relative 

humidity and temperature every 5 minutes until the humidity in a box reduced to 5%RH with 

the Arduino recording program.  Then, the hydration rate of each samples was calculated 

using the following equation: 

 

         Hydration rate =  
%RHinitial - %RHfinal

time (min)
                                    (1) 

 

Characterization of CaO adsorbent  

The both eggshells CaO sample before and after humidity adsorption testing were 

characterized by XRD and FTIR techniques.  The phase characterization of the sample was 

carried out on a Bruker D2 phaser X-ray diffractometer using CuKα radiation operating at 

voltage of 30 kV and 10 mA. The 2theta range from 10 to 90 degree was covered at scanning 

speed of 0.03 min-1. The FTIR spectra was measured with Perkin Elmer spectrum two in the 

range of 4000 to 400 cm-1 at room temperature to identify the function groups of the samples 

before and after humidity adsorption testing 

Repeatability testing of adsorbent 

For repeatability testing of samples, the both eggshells CaO were examined again 

according to the humidity adsorption test procedure that described above.  Before testing 

again, the samples were dried in an oven at 100C for 4 h and compared the weight of the 

samples before and after the experiment.  Then, the phase transformation of samples was 

characterized by XRD analysis.  The quantitative analysis was determined which used the 

reference intensity ratios (RIR) method for phase fraction of chemical composition using the 

following formula: [8] 

IA

IB
= 

I IcA⁄

I IcB⁄
 ∙ 

XA

XB
                 (2) 

Moreover, the morphology of reusable samples after humidity testing was analyzed by 

SEM that performed with Tescan Vega3 scanning electron microscope with accelerating 

voltage of 20. 0 kV.  All samples were coated with a thin layer of gold to ensure electrical 

conduction and to reduce surface charging during the analysis. 
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Results and discussion  

In this study selected the chicken and duck eggshells which was calcined at 1300C for 

4h to CaO preparation. According to Tangboriboon N. et al.’s report [9], It was found that the 

crystal structure of chicken and duck eggshells was calcite phase of calcium carbonate 

( CaCO3) .  After calcined at 1300C, the both eggshells completely transformed to CaO 

following the equation: 

 

      CaCO3 (calcite)         CaO + CO2                                  (3) 

 

 

Figure  1 The hydration rate comparison of CaO powder from chicken and duck eggshells 

and silica gel after humidity adsorption at 75 to 5 %RH at 25C  

 

After that, the CaO powder from chicken and duck eggshells was used for humidity 

adsorption testing. The hydration rate of 20 g of samples after humidity adsorption test were 

compared with the silica gel in the range 75 to 5% RH at 25C as shown in Figure1. For the 

hydration rate of CaO from chicken and duck eggshells, the relative humidity decreased with 

a rate 0.1805 and 0.2406% RHmin-1, respectively. Nevertheless, the relative humidity of the 

silica gel rapidly reduced from 75 to 5%RH at room temperature with a rate 0.4440%RHmin-

1 within 159 minutes. A summary of the hydration rate of all samples were shown in table 1. 

Although, silica gel has the highest hydration rate, but because of toxicity and a mixture of 

calcination 
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cobalt chloride which is harmful.  So, it is the reason for choosing only waste eggshells to 

study.  

 

Table  1 The hydration rate of CaO from chicken and duck eggshells and silica gel after 

humidity adsorption test 

 

Humidity 

adsorbent 

Time 

(min) 

Hydration rate 

(%RHmin
-1

) 

CaO from  

chicken eggshells 
391 0.1805 

CaO from 

duck eggshells 
295 0.2406 

Silica gel 159 0.4440 

 

In the Figure 2, the hydration rate of CaO from chicken and duck eggshells with various of 

weight was studied. At the initial weight for 20, 30 and 40 g of samples, the results showed 

that the hydration rate of chicken eggshells CaO was 0.1805, 0.2563 and 0.3356% RHmin-1 

and duck eggshells CaO was 0. 2406, 0. 3578 and 0. 4034% RHmin-1, respectively, as 

summarized in table 2.  From the results indicated that the hydration rate increased with 

increasing the initial weight of the samples. This can be attributed a higher surface area of the 

powder leads to much faster hydration reaction at 25C.  
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(a)         (b) 

 

Figure  2 Variations of the hydration rate of CaO powder from (a) chicken eggshell and (b) 

duck eggshells at different weight (20, 30 and 40 g) after humidity adsorption at 

75 to 5 %RH at 25C. 

 

Table  2 The hydration rate of CaO from chicken and duck eggshells at different weight 

(20, 30 and 40 g) after humidity adsorption test. 

Humidity 

adsorbent 

Weight 

(g) 

Time 

(min) 

Hydration rate 

(%RH min
-1

) 

CaO from 

chicken eggshell 

20 391 0.1805 

30 277 0.2563 

40 213 0.3356 

CaO from  

duck eggshell 

20 295 0.2406 

30 197 0.3578 

40 176 0.4034 

 

The XRD pattern of the samples from both eggshells samples before humidity 

adsorption appeared the major and sharp peaks at 2thata of 32.20, 37.36, 53.86, 64.16, 67.38, 

79.66, and 88.53 degree, respectively, that corresponding with JCPDS file no.  48-1476 for 

the lime phase of CaO as presented in Figure 3.  Then, the CaO from both eggshells after 

humidity adsorption were partly transformed into calcium hydroxide ( Ca( OH) 2)  with 

portlandite phase.  The XRD pattern appeared small amount of Ca( OH) 2 peak at 2theta of 
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18.007, 28.671, 34.101, 47.120 and 50.812 degree were consistent with JCPDS file no. 44-

1481. The chemical reaction represented as following the equation: [10]. 

 

              CaO + H2O  Ca(OH)2                                          (4) 

 

Based on these results, the CaO from duck eggshell absorbed humidity faster than 

chicken eggshell which corresponds to pore size and pore volume of eggshell from Brunauer-

Emmett-Teller (BET) surface area analysis which was also reported by P. Pongtonglor et.al. 

[11] 

 

 

 

 

 

 

 

 

(a)             (b) 

    

Figure  3 XRD pattern of Cao from ( a)  chicken and ( b)  duck eggshells before and after 

humidity adsorption at 75 to 5 %RH at room temperature. 

(a)                                              (b) 

 

Figure  4 FTIR spectra of Cao from ( a)  chicken and ( b)  duck eggshells before and after 

humidity adsorption at 75 to 5 %RH at room temperature. 
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The infrared spectra of CaO from both eggshells before and after humidity adsorption 

were shown in Figure 4.  The characteristic peaks of CaO samples were considered at the 

wavelengths from 500 to 4000 cm−1. The absorption band displayed the 1410 -1490 and 871 

cm−1 corresponded to the CO3
2- including the band at 1730 cm−1 and weak band at 871 cm-1 

assigned to CaO [ 12] .  After humidity adsorption test, the spectrum appeared sharp band 

around 3640 cm-1 suggested that rehydration of CaO by means of ambient water molecules 

converts CaO into Ca(OH)2.[13]  

Repeatability testing of adsorbent 

For repeatability testing, the CaO adsorbent derived from chicken and duck eggshells 

was investigated several times to adsorb the humidity from 75 to 5%RH  at room 

temperature. The hydration rate of 30 g of samples after humidity adsorption test in each 

cycle as shown in Figure 5. The results presented that the hydration rate of CaO derived from 

chicken eggshells for 1st, 2nd and 3rd cycle decreased with a rate 0.2639%RHmin-1 (within 

269 min), 0.2218%RHmin-1 (within 316 min) and 0.2037%RHmin-1 (within 350 min), 

respectively. Furthermore, the hydration rate of duck eggshells CaO after repeatability testing 

in each cycle were 0.3578%RHmin-1 (within 197 min), 0.3108%RHmin-1 (within 232 min) 

and 0.2139%RHmin-1 (within 332 min), respectively. From these results demonstrated that 

the hydration rate of CaO from both eggshells decreased with increasing the cycle of 

repeatability testing because some CaO was transformed to Ca(OH)2 causing the amount of 

CaO that act as a desiccant to be less. As a result, the repeatability in 3rd cycle require a time 

to adsorb the humidity from 75 to 5%RH longer than the 1st cycle. 
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Figure  5 The hydration rate comparison of repeatability testing for CaO powder from  

( a)  chicken and ( b)  duck eggshells after humidity adsorption at 75 to 5 % RH  

at 25C 

 

In the Figure 6 and 7 shown the comparison of XRD patterns between CaO derived 

from chicken and duck eggshells before and after repeatability 3 cycle testing. After testing, 

the results in all samples shown peak of CaO and small peak of portlandite of Ca(OH) 2.  It 

indicated that some H2O molecules in the air was interacted with CaO and be incorporated 

into crystal lattice and gradually transformed to Ca( OH) 2 as following the equation 4. 

Moreover, the intensity of Ca(OH)2 spectra for both eggshells increased with increasing the 

cycle of repeatability test as shown in Figure 6b and 7b, respectively.  After that, the phase 

fraction of chemical composition of CaO before and after humidity adsorption testing was 

calculated with the RIR method as following the equation 2 and summarized in the table 3.  

From the results, it indicated that the amount of Ca( OH) 2 appeared to increase with 

increasing the cycle of repeatability testing which confirmed by XRD results.  However, the 

phase fraction of the samples before testing shown the phase of Ca(OH)2 slightly because the 

water vapor in the air that reacted with CaO while preparing the sample for analysis. 

(a) 

 

(b) 
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Figure  6 XRD patterns of Cao from chicken eggshells for repeatability test after    

humidity adsorption at 75 to 5 %RH at room temperature. 

 

 

 

Figure  7 XRD patterns of Cao from duck eggshells for repeatability test after humidity   

 adsorption at 75 to 5 %RH at room temperature 
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Table  3 The reference intensity ratios (RIR) relative to CaO from chicken and duck    

eggshells before and after humidity adsorption testing. 

Sample Phase 

Before testing 
After repeatability testing 

1st Cycle 3rd Cycle 

Phase 

fraction (%) 

Phase 

fraction (%) 

Phase 

fraction (%) 

CaO from 

chicken eggshells 

CaO 95.58 92.29 82.11 

Ca(OH)2 4.42 7.71 17.89 

CaO from duck 

eggshells 

CaO 96.79 93.46 83.71 

Ca(OH)2 3.21 6.54 16.29 

 

Moreover, the morphologies of CaO from chicken and duck eggshells before and after 

repeatability testing for 3 cycles were shown in Figure 8. For the chicken and duck eggshells 

before testing ( Figure 8a and 8C) , the SEM images ( 3000X magnification)  illustrated the 

regular micro grape-type granules particles [14]  with average size ranging from 4-6 m and 

1-2 m of width, respectively.  After humidity adsorption, the particles size of the both 

eggshells were larger than their size before testing. The particles created these fissures on the 

surface and swelling because of moisture adsorbed.  From the above results, it was found that 

the hydration rate of the samples depended on the surface area of the particles.  The smaller 

size of the grains and aggregates could provide a higher surface area [ 15] .  So, the larger 

surface area and smaller particles size of the CaO from duck eggshell, resulting in the 

hydration rate faster than Cao from chicken eggshells.  In addition, the results of this 

experiment also supported by increasing in the weight of the CaO from duck eggshells after 

humidity adsorption as shown in table 4. 

Table  4 The weight of the samples before and after humidity adsorption testing 

Sample 

Weight (g) 

Before testing 
After repeatability testing 

1st cycle 2nd cycle 3rd cycle 

CaO from  

chicken eggshells 
30.00 30.31 30.65 31.40 

CaO from  

duck eggshells 
30.00 30.40 31.10 31.70 
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Before After  

 

 

 

 

 

 

 

 

 

Figure  8 SEM image of CaO from chicken and duck eggshells before and after    

repeatability humidity adsorption testing at 75 to 5 %RH. 

 

Conclusion   

The CaO derived from chicken and duck eggshells was investigated the efficiency of 

humidity adsorption for development as humidity adsorbent.  For the hydration rate, the 

chicken and duck eggshells CaO was 0.1805 and 0.2406% RHmin-1, respectively. After the 

humidity adsorption test, the lime phase of CaO from both eggshells partly transformed into 

portlandite phase of Ca( OH) 2 which confirmed by XRD result.  Based on these results, the 

CaO from duck eggshells absorbed humidity faster than chicken eggshells which corresponds 

to pore size and pore volume of each eggshells.  Moreover, the hydration rate of samples 

depended on the weight of them.  For the repeatability testing for humidity adsorption, the 

efficiency and hydration rate of CaO from both eggshells decreased with increasing the cycle 

of repeatability testing.  In this study suggested that the CaO powder from both waste 

eggshells could be used as an alternative humidity adsorbent. 

 

 

10 m Chicken eggshells  
10 m Chicken eggshells  

10 m Duck eggshells  10 m Duck eggshells 

(a) (b) 

(c) (d) 
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