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Abstract – Calcium oxide nanoparticles were synthesized 

from waste eggshells through a process of combination of 

ball milling and calcination. Utilizing waste eggshells as 

the precursor and using ball milling a sustainable, cheap 

and convenient process makes this experiment 

sustainable. The eggshells are characterized by SEM, 

TGA, FTIR and XRD and the calcined eggshell powder 

is characterized by SEM and FTIR. From this study, the 

synthesis of CaO nanoparticles, identifying the yield of 

CaO from eggshells, observing the temperature effect on 

calcined eggshell powder are observed and applying CaO 

nanoparticles in seed priming are expected.  

Keywords - CaO nanoparticles, eggshells, ball milling, 
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I. INTRODUCTION 

Sustainable development has become a concept in every field 

at present including engineering. Therefore, natural, and eco-

friendly product development has been focused. Eggshells 

are a common ingredient found worldwide. A waste, that is 

discarded due to its lack of value. Eggshell waste is found in 

household, restaurants, poultry farm waste. But the common 

trend is to dispose them. So, tons of eggshell waste are 

disposed by landfilling, which has become an environmental 

issue[1]. As an abundant natural source of CaCO3, it is a 

waste to get rid of them thus, as a solution, eggshells are 

utilized as an alternative supply of CaCO3 in various fields. 

For industrial purposes like construction, CaO is produced 

from non-renewable sources like limestone and marble. So, 

using eggshells instead helps in conserving these natural 

sources. 

As living organisms need calcium to grow their protective 

shells and bones, usage of shells, bones as CaCO3 sources 

has been given more interest in recent years. Oyster shells 

are a useful source of CaCO3. But they contain trace amounts 

of toxic elements such as lead, aluminium, cadmium, and 

mercury. Bones flour is another source of CaCO3. But it lacks 

the same bioavailability of CaCO3 from other synthetic 

sources[2]. Mussel shells, scallop shells, mollusc shells are 

also rich CaCO3 sources. But they are not abundantly 

available[3]. 

However, eggs are designed by nature for generation of new 

life; thus, they are highly nutritious. So, synthesis of CaCO3 

and CaO from eggshells is given more attention lately due to 

its advantages over other resources. Eggshells is one of the 

abundant sources of CaCO3 which is easily available and 

non-toxic[4]. 

Several methods have been used to synthesize CaO 

nanoparticles from eggshells including grinding, thermal 

decomposition, sol – gel method and co – precipitation.  

In this research work, synthesizing CaO nanoparticles from 

eggshells for agricultural applications is investigated. The 

outcomes of this study are to add value to eggshell waste and 

to utilize them, to determine the effect of calcination 

temperature and time on particle size, to predict the yield of 

CaO that can be obtained from eggshells and to use 

nanotechnology for the advancements of agriculture.  

II. MATERIALS & METHODOLOGY 

 

A. Materials 

Raw eggshells were collected from kitchen waste of 

restaurants around Ja-Ela, Sri Lanka and green gram seeds 

were bought from a supermarket at Ja-Ela, Sri Lanka. 

B. Synthesis of CaO Nanoparticles 

500g of eggshells were washed and thoroughly cleaned with 

water. Then the cleaned eggshells were let dry in open air for 

24 hrs. Then the dried eggshells were kept under 120°C for 

about 1h in an oven to further get rid of the remaining 

moisture. Then the dried sample was milled in a ball miller 

at 62 rpm for 1h. The milled eggshells powder was sieved 

with 106 μm sieve size.  

For CaO nanoparticle preparation, the eggshell powder is to 

be calcined at 800°C, 900°C and 1000°C for 1h, 2hrs and 

3hrs at each temperature[5]. So, the obtained eggshell 

powder was calcined at 800°C, 900°C and 1000°C for 1h. 

Before calcining the weight of each sample was measured. 

After calcining the sample was let cool down within the 

furnace and was taken out around 1500C. After calcining the 

weight of the calcined sample was measured. Then the 

samples were stored in a desiccator until further use. 

III. CHARACTERIZATION 

Characterization of eggshell powder was carried out by 

scanning electron microscopy (SEM), X-ray diffraction 

(XRD), thermogravimetric analysis (TGA) and Fourier-

transform infrared spectroscopy (FTIR).  



The calcined eggshell powder was analyzed by scanning 

electron microscopy (Zeiss evo SEM) and Fourier-transform 

infrared spectroscopy (Bruker Alpha-E). Thermogravimetric 

analysis (Perkin Elmer TGA 4000) of eggshell powder was 

carried out to identify the decomposition temperature of raw 

eggshells. The sample was heated from 10°C to 950°C at a 

rate of 10°C/min. The analysis of the crystal structure of raw 

eggshells were done by X-ray diffraction (Rigaku Ultima 

IV), diffraction angles ranging from 100 to 900. To 

investigate the changes of bending and stretching vibrations 

of functional groups due to the transformation of CaCO3 to 

CaO because of calcination, Fourier Transform Infrared 

Spectroscopy was done for both eggshell powder and 

synthesized CaO. Scanning Electron Microscopic analysis of 

eggshell powder and synthesized CaO were carried out to 

study the surface morphology. 

IV. RESULTS AND DISCUSSION 

 

A. Thermogravimetric Analysis 

TGA and DSC analysis of eggshell powder were carried out 

to investigate the thermal properties of eggshell waste. Fig 1. 

illustrates the TGA-DTA curve for eggshell powder. In TGA 

analysis, two major weight losses can be observed in the 

range 300 - 800°C, mass losses of 4.97% and 45.21% due to 

the loss of volatile substances like water and organic 

materials and release of CO2 with the decomposition of 

CaCO3, respectively. In DTA analysis, eggshells show an 

endothermic peak around 773.66°C representing the 

decomposition of high purity aragonite phase of CaCO3 to 

the high purity cubic phase of CaO[6].  

B. X-ray Diffraction Analysis  

The crystal structure of raw eggshells (containing mainly 

CaCO3) is observed by XRD analysis. Diffraction peaks, 

characteristic to CaCO3 is identified in the XRD pattern. The 

main peak appears at 29.50 indicating the presence of CaCO3 

in calcite phase.  

Several other peaks are observed at 23.18, 36.1, 39.54, 43.3, 

47.62, 48.62, 56.72, 61.08 and 64.76 (degrees) indicating the 

presence of calcite phases in different planes (102), (104), 

(110), (113), (202), (018), (116), (211), (122), (214) and 

(0012) respectively[1]. 

 

C. Fourier-Transform Infrared spectroscopy Analysis 

FTIR spectrum of the raw eggshell powder is presented in 

Fig 3. According to the spectrum, the peaks at 710.89 cm-1 

and 875.29 cm-1 are due to CO3
2- vibration which indicates 

the existence of CaCO3. The broad peak at 1421.72 cm-1 is 

given by the stretching of carbonate groups which indicates 

the presence of carbonate minerals within the eggshell 

matrix. The peak at 1799 cm -1 represents C=O stretching. 

Around 2516 cm-1 is due to acidic hydrogen group stretching 

a peak can be observed. At 2873.96 cm-1 and 2926.76 cm-1 

peaks are formed due to C-H bending vibrations which is a 

result of organic layers built from amino acids. The peak at 

3430 cm-1 is due to alcohol hydroxy group stretching as a 

result of presence of residual water[1].  

Fig 4., fig 5. and fig 6. are the FTIR spectra of eggshell 

powder calcined at 800°C for 1h, eggshell powder calcined 

at 900°C for 1h and eggshell powder calcined at 1000°C for 

1h, respectively. In fig 4. the peaks at 711.45 cm-1 and 875.46 

cm-1 represents the CO3
2- vibration. The peak at 1422.18 cm-

1 indicates the presence of CaCO3 and the peak at 1796.33 

cm-1 indicates the C=O stretching vibration. The peaks at 

2515.48 cm-1, 2922.79 cm-1 and 3433.72 cm-1 represent the 

HCO3-, C-H stretching and -OH stretching. The sharp peak 

at 3644.27 cm-1 and the tiny peaks in the range of 3695.77 

cm-1 – 3871.37 cm-1 represent the hydroxyl groups due to 

Fig 2. XRD spectrum of raw eggshell powder 

Fig 3. FTIR spectrum of raw eggshell powder 

Fig 1. TGA analysis of raw eggshell powder 



water absorption. As fig 4. showed no significant difference 

from fig 3., it can be depicted that at 800°C, CaCO3 has not 

been completely converted into CaO. 

In fig 5. the peak at 561.58 cm-1 represents the vibration of 

Ca-O bond. The peaks at 712.14 cm-1, 875.51 cm-1 and 1058 

cm-1indicate the CO3
2- vibration which represents the 

presence of CaCO3 and its aragonite structural 

characteristics. The sharp peak at 1414.51 cm-1 indicates the 

presence of CaCO3. The peak at 1795.29 cm-1 indicates the 

C=O stretching vibration. Moreover, the peaks at 2514.88 

cm-1, 2922.9 cm-1 and 3431.5 cm-1 represent the HCO3-, C-H 

stretching and -OH stretching. The sharp absorption peak at 

3643.95 cm-1 is attributed to O-H bond which represents the 

water molecules on the surface of nano particles.  

In fig 6. the peak at 556.74 cm-1 indicates the vibration of Ca-

O bond. The peak at 875.15 cm-1 represents the CO3
2- 

vibration which represents the presence of CaCO3 and its 

aragonite structural characteristics. The tiny peak at 1464.06 

cm-1 represents the presence of CaCO3. The peak at 1624.03 

cm-1 represents the strong C=O vibration. The tiny peak at 

2354.67 cm-1 represents the atmospheric CO2. The peak at 

2919.19 cm-1 is attributed to C-H stretching vibration. The 

broad band in the range 3433.24 cm-1 – 3920.46 cm-1 

represents the O-H absorption. 

The appearance of a peak around 560 cm-1 in FTIR spectra 

of calcined eggshell samples indicate the occurrence of CaO. 

The intensity of the peak around 710 cm-1 in the spectrum of 

eggshell powder has been reduced in 900°C – 1h sample than 

the value in 800°C – 1h sample and it’s even more reduced 

in 1000°C – 1h sample. This indicates the amount of 

conversion of CaCO3 into CaO. Moreover, the significant 

peak around 1420 cm-1 in eggshell powder sample does not 

show any significant change in 800°C – 1h sample, but it has 

been reduced in 900°C – 1h sample and even more in 1000°C 

– 1h sample. This represents that the presence of CaCO3 has 

been reduced with the increasing calcination temperature. 

Therefore, eggshell powder calcined at 1000°C has been 

converted into CaO more than at 900°C and 800°C, and the 

presence of CaCO3 has been reduced more in the powder 

calcined at 1000°C than at 900°C and 800°C. The presence 

of O-H absorption peak represents that the calcined samples 

have been subjected to hydrolysis[5], [7–9].   

 

D. Scanning Electron Microscopic Analysis 

The surface morphology of the raw eggshell powder and 

eggshell powder calcined at the temperatures 800°C, 9000C 

and 10000C for 1h were investigated with the SEM. The raw 

eggshell powder has an irregular crystal structure. The 

transition from regular powder to nanoparticles were studied 

through observation. The results showed that the particles 

size has been reduced after calcination.  

 Fig 4: FTIR spectrum of eggshell powder calcined at 800°C for 1h 

Fig 5: FTIR spectrum of eggshell powder calcined at 900°C for 1h 

Fig 6: FTIR spectrum of eggshell powder calcined at 1000°C for 1h 

Fig 7: FTIR spectra of eggshell powder calcined at 800°C, 900°C, and 

1000°C for 1h 



Also, the impact of the increasing temperature was observed, 

and it showed that the particle size of the eggshell powder 

calcined gradually became smaller in scale with the 

increasing temperature. 

 

 

Determining the Yield of CaO from Eggshells 

Table 1: Weight loss percentage change with calcining temperature 

 

The weight loss at 10000C was higher than the weight loss 

occurred at 9000C. The weight loss at 800°C was the lowest. 

From the results of the observation, it can be depicted that a 

higher amount of CaCO3 has converted to CaO at 10000C 

and the lowest amount of CaCO3 has converted to CaO at 

8000C.  

V.  CONCLUSION 

Calcium oxide (CaO) was successfully synthesized from 

chicken eggshells via a combined process of ball milling and 

calcination. Calcination was carried out for 1h at 800°C, 

900°C and 1000°C. The FTIR results clearly depicted that 

the amount of CaCO3 converted into CaO increased with the 

temperature. Moreover, determination of yield of CaO from 

eggshells showed the increasing temperature has caused a 

higher percentage of CaCO3 to convert into CaO. Thus, the 

weight analysis of the samples proves the depiction done 

from the FTIR analysis. 

It is expected to continue this experiment, for further 

understanding of the effect of calcination temperature and 

time, calcination should be continued for different 

temperatures and time intervals. Also, the yield of CaO from 

eggshells can be further observed by continuing the 

experiment at different temperatures for different time 

intervals. To understand the effect of CaO on seed priming, 

seed germination tests would be conducted for different 

concentrations of CaO dispersions. 

Sample 
Mass before 

calcination 

Mass after 

calcination 

Weight 

loss% 

8000C-1h 5g 4.25g 15 

9000C-1h 5.01g 2.81g 43.91 

10000C-1h 5g 2.5g 50 

Fig 10. SEM image of eggshell powder calcined at 9000C for 1h 

Fig 11. SEM image of eggshell powder calcined at 1000°C for 1h Fig 8. SEM image of raw eggshell powder 

Fig 9. SEM image of eggshell powder calcined at 8000C for 1h 
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