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Abstract: Hydroxyapatite (HAP) is considered to be one of the most important members of bio-ceramic 

materials. HAP is widely investigated for the development of biomaterials because of having 

remarkable chemical similarity to the mineral component, which comprises the bone and hard tissues. 

The focus of research is to make the whole process eco-friendly, economical, and minimal waste 

generating. HAP is one of the biomaterials that can be synthesized using naturally occurring wastes 

such as chicken eggshells, fish scales, etc. The purpose of this research work is to synthesize HAP from 

Eggshell waste (ESW). The method of preparation used in the current study is the Conventional 

chemical precipitation method followed by calcination at diverse temperatures. Characterizations of the 

Eggshell waste extracted from natural HAP powder were carried out using Fourier transforms infrared 

spectroscopy (FTIR), X-Ray Diffraction Analysis (XRD), energy dispersive X-ray (EDX) 

spectroscopy, and scanning electron microscopy (SEM). XRD analysis showed the formation of HAP 

and gave a characteristic apatite peak at 31.8 to 32.5 for 2θ values. The peaks of FTIR spectrum displays 

carbonate (CO3
2-), phosphate (PO4

3-), and hydroxyl (OH-) groups in the powder sample, which confirms 

the synthesis of that HAP. EDX validates the elemental composition of HAP by giving the Ca/P ratio, 

which comes out to be 1.64 for the uncalcined HAP powder. This obtained HAP is the nearest to the 

pure HAP, which has a Calcium to Phosphate ratio of 1.67. The HAP derived from ESW was 

synthesized and validated from the results. 
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1. Introduction  

HAP is one of the most adaptable biomaterials used for implantation and grafting due 

to its close similarity to the material with which teeth and bone tissues are made. The chemical 

formula of HAP is Ca10(PO4)6(OH)2 [1-3]. Distinctive features of any material to be considered 

a biomaterial include bioactive, non-seditious, biocompatible, osteoconductive, harmless, and 

non-immunogenic [4]. Luckily all these features are present in HAP since HAP resembles with 

calcium phosphates components of human bone and has proven biocompatibility with these 

tissues, so it is extensively utilized for biomedical applications [5-8], such as the renovation of 

skull faults [9], repair of massive bone imperfection, bone tissue engineering [10,11], 

elimination of heavy metals [12,13] and more importantly in drugs delivery [14,15]. Since HAP 

has numerous applications in the biomedical field, many methods have been devised to 

synthesize it, for example, conventional chemical precipitation method, hydrothermal method, 
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sol-gel method, mechanochemical method, etc. However, the most commonly employed 

method for HAP synthesis is the conventional chemical precipitation (CCP) method. 

Conventional chemical precipitation method is preferably employed because the route of this 

method is very favorable as no complicated apparatus set up is needed, the working temperature 

is low, and there is a great possibility of getting the pure product in high percentage [16, 17].  

In [18], Bardhan performed an XRD analysis to determine the crystalline phase of 

powdered and sintered HAP. He found the highest intensity peak at 31.79 for the 2θ value, 

which is reported as a characteristics apatite peak. G. Pandey in [19] discussed the FTIR results 

of HAP obtained from eggshell waste. They reported that the spectrum is dominated by the 

typical PO4
3- bands of crystalline apatite phase characterized by the peaks representing triply 

degenerate ʋ3 (PO4
3-) asymmetric mode at 1021 cm-1 and 1087 cm-1, non-degenerate stretching 

mode ʋ1 (PO4 
3-) at 962 cm-1 and components of the triplet of ʋ4 (PO4 

3-) bending mode at 560 

cm-1 and 470 cm-1.M.R. Saeri et al. in [20] while discussing the scanning electron morphology 

of HAP synthesized by precipitation method reported that the precipitated HAP particles have 

small rod-like and some have platy morphology. S.S.Abidi studied HAP powder at different 

calcination temperatures to get the stoichiometric ratio of  1.667 by using EDX and achieving 

that at 600°C. He also reported that above this optimum temperature, the HAP got decomposed 

to CaO [21]. 

The present study aims to synthesize HAP powder utilizing chicken eggshell waste 

which turns out to be a cost-effective process. CCP method is used, followed by calcination at 

various temperatures from 600 oC to 1000 oC. Calcined chicken eggshell waste at 900 oC was 

selected as the calcium source for HAP synthesis process. The synthesized HAP powder was 

analyzed by Fourier transforms infrared spectroscopic technique (FTIR), scanning electron 

microscopy (SEM), X-Ray Diffraction Analysis (XRD), and energy-dispersive X-ray (EDX) 

spectroscopy. 

2. Materials and Methods 

The CaO extracted from eggshell waste was transformed into HAP in phosphate 

solution using the experimental scheme shown in Figure 1. A chemical precipitation method 

was used to synthesize HAP. 

 
Figure 1. Preparation and characterization of HAP from extracted CaO via chemical precipitation method. 
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2.1. Synthesis of HAP from extracted CaO via chemical precipitation method. 

In the present work, the precursor used was CaO, extracted by the calcination of chicken 

eggshell waste at 900°C temperature. Orthophosphoric acid(H3PO4) (Make Merck Millipore) 

and ammonium hydroxide (NH4OH) (Make Merck Millipore) were used as starting materials. 

7.3g of CaO was dissolved in 100 ml distilled water in a beaker. The contents were vigorously 

stirred at 800 rpm in a mechanical stirrer for 2H, and the temperature was maintained at 40°C. 

The assembly was covered to avoid any possible contamination with atmospheric conditions. 

The CaO would be converted into Ca (OH)2 according to equation 1. The phosphoric acid was 

dropwise added to the Ca (OH)2 at a controlled amount of 1ml/min. Alongside the addition of 

acid, the pH was maintained above 10 with the help of ammonium hydroxide solution, and the 

temperature was maintained between 40°C-80°C. The precipitates were left overnight to settle 

down, and the solution was filtered after 24H. The product was dried in the oven at 105°C for 

24H and ground to powdered form in pestle and mortar for further characterization. The 

preparation of HAP can be understood by the following reactions. 

CaO+H2O                           → Ca (OH)2 +Heat                              (1) 

10Ca (OH)2 +6H3PO4     →Ca 10 (PO4)6 (OH)2 +18H2O  (2) 

2.2. Calcination of synthesized hydroxyapatite. 

The box furnace was used for calcining the prepared HAP in the next step. The range 

of calcination temperature was chosen between 600ºC - 1000ºC with an interval of 100ºC. The 

HAP powdered samples were titled HAP-600, HAP-700, HAP-800, HAP-900, and HAP-1000, 

respectively. The box furnace was fixed at 5 ºC/min for both heatings and cooling with 2 hours 

holding time. All the prepared samples were allowed to cool inside the box furnace. 

2.3. Characterization of synthesized hydroxyapatite. 

XRD, FTIR, SEM, and EDX were the analytical techniques employed to characterize 

HAP before and after calcination. The phase identification of crystalline material was 

elucidated by using XRD.XRD patterns for prepared HAP were recorded in the 2θ range of 

15°-70°. The range for FTIR was chosen between 400 cm-1 - 4000 cm-1 for the analysis of 

functional groups in HAP powder. Scanning Electron Microscope reveals the microstructure 

of HAP particles. In the same instrument, the weight percentage and atomic percentage of all 

the elements present in HAP were calculated by using EDX to determine the Calcium to 

Phosphate ratio. Before analyzing the powdered samples with SEM and EDX they were coated 

with gold by sputter coater. 

3. Results and Discussion  

3.1. XRD analysis. 

Figure 2 shows the X-ray diffractogram of the prepared HAP. The scan range for 2θ 

was selected between 15 o to 70 o. An intense reflection peak at 31.77 of 2θ values could be 

clearly seen, which is the representative peak of the apatite.[22, 23]. All peaks belong to HAP 

phase. The calcination temperature of HAP varied from 600 oC to 1000 oC. Figure 2 (b) shows 

the XRD graphs of HAP at diverse temperatures. As it can be clearly seen from the XRD 

diffractogram, the intensity of the prominent peak, which corresponds to 31.77, increases as 
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the temperature goes from 600 oC to 1000 oC and remains as such till 1000 oC, and no 

decomposition of HAP is being observed. These results agree with the former works and 

endorse the formation of HAP [24,25]. 
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Figure 2. (a) XRD pattern for Uncalcined HAP; (b) XRD pattern for HAP calcined at various temperatures 600 
oC,700 ºC, 800 ºC, 900 ºC, and 1000 ºC. 

3.2. FTIR analysis.  

FTIR spectrum for uncalcined and calcined HAP at various temperatures is presented 

in Figure 3. Infra-red vibration modes of various functional groups of synthesized HAP are 

presented in Table 1. The spectra show the phosphate (PO4
3-), hydroxyl (OH-), and carbonate 

(CO3
2-) groups. The corresponding peaks of PO4

3- group for ʋ3 and ʋ4 are witnessed at 

frequencies of 1071-1074 cm-1,601-607 cm-1 and 564-585 cm-1 respectively for both 

uncalcined and calcined samples. The structural OH1- vibrational mode is present in uncalcined 

samples, but it starts disappearing in calcined samples and diminishes at 1000 ºC. The bending 

mode of adsorbed H2O is observed in the form of broadband at 1625 cm-1 in uncalcined HAP 
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but disappears with increasing calcination temperature. The vibrational mode for CO3
2- is 

clearly observed at 1426 cm-1, but it can be seen that it has disappeared at elevated temperature 

in Figure 3 (b). In the present spectra, all the bands present in the reference spectrum can be 

seen and are found in agreement with previous literature on HAP extraction from eggshell 

waste [22,24]. 

4000 3500 3000 2500 2000 1500 1000 500

0

10

20

30

40

50

T
ra

ns
m

itt
an

ce
 (

%
)

Wave No. (cm-1)

Uncalcined HAP

1074(PO4-3) 564(PO4-3)

(PO4-3)607

1426(CO3-2)

3467(OH)

1625(H20)

(2025(CO2)

 
(a) 

  

4000 3500 3000 2500 2000 1500 1000 500

0

50

100

150

200

T
ra

n
sm

itt
a
n

ce
(%

)

Wave No. (cm-1)

 HAP-1000

 HAP-900

 HAP-800

 HAP-700

 HAP-600

1443(CO3-2)

1071(PO4-2) 585(PO4-3)

 
(b) 

Figure 3. FTIR spectra of HAP (a)Uncalcined; (b) Calcined at 600,700,800,900 and 1000 °C. 

Table 1. Infra-red vibration modes of various functional groups of synthesized HAP. 

Sr. No Functional group Vibrational Mode Frequency (cm-1) 

1 PO4
-3 bend ʋ4 568 

2 PO4
-3 bend ʋ4 604 

3 PO4
-3 bend ʋ3 1038 

4 CO3
-2 group ʋ3 1421 

5 CO2 stretch ʋ3 2358 

6 H20 adsorbed bend ʋ2 1643 

7 OH- structural ʋs  3425 

3.3. SEM analysis. 

Figure 4 presents the SEM micrographs for both calcined and uncalcined HAP powder. 

In SEM, irregular shapes, including small spheres, rods, and ovals, were seen, and somewhere 

agglomeration of particles was also observed. The same morphology has also been reported in 

previous literature [18–20]. The shapes of agglomerates look almost the same, having pores in 
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between them. Pores' formation is extremely beneficial as they would permit the circulation of 

body fluids throughout the coating when HAP would be employed as a biomaterial. 

  

(a)                                                     (b) 

  

(c)                                                              (d) 

  

(e)                                                             (f) 

Figure 4. SEM for HAP(a) uncalcined and calcined at temperature (b) 600 ºC; (c)700 ºC; (d)800 ºC; (e)900 ºC; 

(f)1000 ºC. 

3.4. EDX analysis. 

EDX analysis of uncalcined and calcined HAP powder is shown in Figure 5. The 

presence of calcium, phosphorous, and oxygen validates the synthesis of HAP. The weight and 

atomic percentages of these elements are also shown in Figure 5. The Ca/P ratio is determined 

from the EDX data, and it comes out to be 1.64 for uncalcined HAP and 1.61 for HAP calcined 

at 600°C, as shown in Table 2. It has been observed that when calcination temperature is 

increased above 600°C, the Ca/P ratio drops down to 1.57 to 1.42. In contrast, the1000°C 

calcined powder shows the conversion of HAP to Tricalcium phosphate (TCP). 
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Table 2. Ca/P ratio of HAP samples 

Sr. No Sample Code Ca/P ratio 

1 Uncalcined HAP 1.64 

2 HAP-600 1.61 

3 HAP-700 1.51 

4 HAP-800 1.50 

5 HAP-900 1.47 

6 HAP-1000 1.42 

 

(a)                                                                                                   (b) 

  

(c)                                                                                                 (d) 

 

(e)                                                                                              (f) 

Figure 5. EDX analysis of synthesized HAP powder (a) Uncalcined and calcined at different temperature (b) 

HAP-600; (c) HAP-700; (d)HAP-800; (e) HAP-900; (f) HAP-1000. 

4. Conclusions  

The results obtained from all the characterization techniques confirm that HAP is 

synthesized from CaO, employed as a precursor extracted from eggshell waste. The method 

used in the present study is the wet chemical precipitation method. It has high reproducibility, 

simplicity, and, most importantly, the economic benefits it offers on an industrial scale. The 

main advantages of the method include using eggshell waste as a precursor, being abundantly 

available and very cheap, and the only by-product generated during preparation is water which 

sanctions the method to be eco-friendly. The stoichiometric ratio for Ca/P of 1.64 was obtained 
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for uncalcined HAP nearest to the theoretical value of 1.67. The methodology for the extraction 

of HAP is simple, less time-consuming, and very low cost. 
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