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Abstract 
 
Hydroxyapatite powder (HAP), Ca10(PO4)6(OH)2 was synthesized by 

calcination (sintering) technique using egg shells as raw material and 

phosphoric acid, where egg shells was cleaned and calcined in calcination 

furnace at 900°C for 3 hours to obtain calcium-oxide, after that it crushing 

and mixing with phosphoric acid, planetary ball was used to mixing and 

milling the mix for 11 hours with 45 rpm to obtain homogenous powder. The 

structure analysis by XRD, FTIR, where XRD showed the structure of the 

result powder, that is similar for the standard structure of HAP powder, as 

FTIR elucidated that, existence the basic compound of HAP in the result 

powder, such as (PΟ4
3−

, CΟ3
2−

 and bending OH
−
), as well as the particle size 

was measure, it is laying between 0.77µm and 24.67µm with a mean size of 

5.005µm. 

 

Key words: Hydroxyapatite, Egg shells, Bioceramics; calcinations; 

Characterization. 

 

1 Introduction 
 

Bone consists of collagen, bone mineral and water [1], where it consists 

of approximately 22wt% collagen, 70wt% bone mineral and 8wt% water [2]. 

Collagen represents main organic fraction, 60% of volume of solid bone and  
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40% of its weight, osteoblasts cells are responsible for collagen production, it 

features flexible, bends easily and large tensile strength [1, 3]. Mineral 

component of bone formed of calcium phosphate known as hydroxyapatite 

(HAP), with hexagonal crystalline structure [2] and chemical formula 

(Ca10(PO4)6(OH)2) [1, 2]. Bone mineral formed on the collagen, it features 

fragile, where can be crushed with fingers. Mineral bone is very large surface 

area of 4×105 m2, this permits the bone to interact rapidly with chemicals in 

the blood and other body fluids [1]. It is also about 40% of the volume of the 

bone and 60% of its weight [1, 3]. HAP account for about 65wt% of bone 

and provides most of its strength and stiffness [2].   

Bioceramics have become an accepted group of materials for medical 

applications, basically for implant maxillofacial surgery and for dental 

implants, as well as the implant in orthopaedics surgery [4]. HAP is a 

bioceramics material [5], Calcium phosphate ceramics (hydroxyapatite) are 

categorized as bioresorbable [4]. Hydroxyapatite ceramics have many 

properties, including biocompatibility, and their bioactivity that can by an 

osteoconductive mechanism strengthen bone-bond formation with other 

tissues [6]. HAP was used to reinforcement growth in cement less fixation on 

prosthetic legs as a bioactive coating. It has also been used to produce 

cochlear implants by combining it with a polymer to give a biocomposite 

material [5]. 

 

2 Syntheses Methods of Hydroxyapatite Powder   
 

Multifarious methods to prepare hydroxyapatite HAP from multiplicate 

raw materials from the most important of them; sol-gel method.It was 

initiated with the aqueous mixtures of calcium nitrate tetrahydrate 

[Ca(NO3)2.4H2O] and phosphorous pentoxide (P2O5) in ethanol solution, 

after mixing, gelation, aging, drying and sintering produce nano HAP powder 

[7], The chemical precipitation process is the simplest way to manufacturing 

HAP, compared with all other processes. Formed from reagents that 

containing calcium and phosphate, surfactants and pH controller reagents. 

The surfactant based template system way includes some chemicals, calcium 

nitrate tetrahydrate [Ca(NO3)2.4H2O]is the most common Ca2+ source used 

in this process, comparison with other reagents. As well as it can be observed 

that diammonium hydrogen phosphate [(NH4)2HPO4) 8, 9] and dipotassium 

hydrogen phosphate trihydrate (K2HPO4.3H2O) were considered more 

appropriate for PO43- sources than other phosphorus precursors [8]. In 

stoichiometry; the molar ratio for element (Ca/P) remains preserved and is 

1.67, in accordance with standard ratio in HAP [7, 8], where the basic 

popular synthesis method includes take one dropwise of phosphate reagent 

and add it to the calcium reagent with continuous stirring. After, the 

specimen is put period of time in a temperature controlled tub and finally, the 

white precipitate was washed, filtered, dried, calcined and mill to powder [8].  
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Another method is hydrothermal, where as in chemical precipitation 

procedure to manufacture bioceramic with nanoporous form in the presence 

of surfactant, hydrothermal procedure essentially has a similar way. Only 

difference is step of the ageing, that is done at a high temperature; it is 

usually higher than of the boiling point for water and conducted within vessel 

for pressure or an autoclave [10]. Also, emulsion method considers 

distinctive method and from another popular procedures to prepare 

mesoporous HAP nanoparticles [8].The deproteinisation method consider 

from processing method to product HAP, in which a protein hydrolysate was 

the main product. HAP is obtained in calcination process [11].In addition to 

the chemical materials to produce HAP, many of natural raw materials found 

to prepare HAP, such as fish bone [12], bone sludge for animal [11], egg 

shells [12, 13], oyster and other facilities organs [14]. Finally, many methods 

and raw materials found to fabricate the HAP powder. 

 

3 Materials and Methods 
 

The raw materials that used was egg shells and phosphoric acid.To 

prepare HAP powder from egg shells the following steps were followed:                

 Egg shells were collected and their surfaces were mechanically 

cleaned (to get perfect cleaning, it are must clean by toothbrush and water 

distilled).  

 After egg shells are cleaning very well, it are leaving in air to dry 

(at least for 2 days).   

 The raw egg shells were calcinated (sintered) at 900°C in an air 

atmosphere using furnace (holding time 3 hours).  

 The calcinations procedure consists of two parts: The first part 

and its duration is 30 minutes most of the organic materials were burned, 

whilst the remainder of the time, the egg shells transformed during it to 

calcium-oxide. 

 Calcined egg shells were crushed and ground using steel home 

mill.  

 To synthesize calcium phosphate powders, the resulted powder 

was interacted with phosphoric acid (as 1:1 weight ratio) with continuous 

movement by glass spoon, where the interact was an exothermic interact.  

 The result mixture was milled for 11 hours with 45 rpm in 

planetary ball mill to get homogenous mixture and avoid agglomeration form 

the calcined.  

 After milling, the resulted powder was heat processed at 900°C 

for 2 hours in air atmosphere using calcination furnace. 

 Sieving resulting powder after grinding by a sieve with a 

diameter 53μm. 

 The resulted powder was HAP powder. 
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Figure (1) below shows the experimental procedure for the preparation of 

HAP from egg shells by the calcination method.  

Figure (2) illustrates the used device and tools to the preparation of HAP 

powder from egg shells by the calcination method. 

 
Figure 1: Steps to prepare HAP  powder from egg shells: (A) Egg shells cleaned; 

(B) Broken egg shells; (C) Egg shells calcinated; (D) Crushed and milled egg shells; 

(E) The sieved powder after  mixing and milling egg shells with phosphoric acid by 

planetary ball. 

 

 
Figure 2: The used device to prepare HAP powder from egg shells: (A) Furnace; (B) 

Steel home mill; (C) Planetary ball; (D) Sieve 
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4 Results and Discussion 
 
4.1 X-Ray Analysis 
 

X-ray diffraction (XRD) is utilized to check phase purity and 

crystallization of compounds, as well as to define the quantitative and 

qualita¬tive aspects for solid compounds [6]. The used relationship is: 

nλ=2d sinθ 

Where: 

n: is an integer. 

λ: is the wavelength of the incident X-ray beam. 

d: is the distance between atomic layers in a crystal. 

θ: is the angle. 

Bragg's law is used to interpret X-ray diffraction data [15].  

Significance the position, shape, width and intensity of peak for HAP in 

XRD spectrum are of great importance for featuring of HAP. Consequently, 

the obtained XRD spectrum is compared with the known standard pattern 

analysis.The measure condition of (XRAY) X-ray analysis was (target: Cu, 

wave length: 1.5406A^°, voltage: 40.0kV and current: 30.0mA), slit with 

(divergence: 1.0deg., scatter: 1.0deg. and receiving: 0.3mm) and measure 

determined with (axis: Theta-2Theta, scan mode: continuous scan, range: 

5.00-50.00deg., step: 0.02deg., speed: 5.00deg./min and preset time: 

0.24sec). 

Figure (3) illustrates  X-ray diffraction (XRD) analysis of the HAP 

which is prepared from egg shells powder in the range of 5º to 50º diffracted 

angle. It shows high purity of hydroxyapatite phase when matching its peaks 

with (JCPDS) card No. (09-0432). These results proved the success of egg 

shells as raw material to produce pure HAP powder. 

 
Figure 3: XRD spectrum for the resulted HAP of egg shells 
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When take strongest three peaks in XRD spectrum shown in Figure (3) 

and comparison of standard spectrum of HAP as a reference, as in Table (1). 
Table 1: Strongest 3 peaks from the XRD pattern and comparison with 

hydroxyapatite reference 

 
  

4.2 Fourier Transform Infrared Spectroscopy Analysis 
 

Fourier transform infrared spectrometer (FT-IR) is the technique that 

giving information about the vibrational origin for the components in the 

resulting powder, where the result powder consists the carbonate, phosphate 

and amide groups, as well as FT-IR used to confirm the production of HAP. 

According standard FT-IR analysis, in the transmittance mode, shows the 

presence of carbonate group at around (1410-1450) cm-1 and (875) cm-1, 

hydroxide group at around (3500-3200) cm-1.For phosphate group at (1049-

1090) cm-1 and (1950-2200) cm-1, (962) cm-1 and (560) cm-1 [17].  

Figure (4) illustrates the infrared spectrum of HAP prepared from egg 

shells. The infrared spectrum of the result powder existing in the mid- 

infrared between (4000-400) cm-1, where the energy beams at (3643.65) cm-

1, (3572.29) cm-1, (632.67) cm-1  and (601.81) cm-1 represent OH1-, 

(1469.81) cm-1, (1462.09) cm-1, (1423.51) cm-1 and (875.71) cm-1 

represent the amide group of CO32- and (1653.05) cm-1, (1089.82) cm-1, 

(1045.45) cm-1, (962.51) cm-1 and (572.88) cm-1 represent the beams for 

PO43- group as show in the Table (2). From the FT-IR test and it's 

comparison with the standard spectrum show that they are component 

represent the active groups for HAP powder. 

 
Figure 4: FT-IR spectrum of HAP from egg shells 
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Table 2: Important FTIR stretching frequencies of HAP derived from egg shells 

IR Absorption Bands (cm
−1

) Description 

1653.05 (PΟ4
3−

) 

1089.82 (PΟ4
3−

) 

1045.45 (PΟ4
3−

) 

962.51 (PΟ4
3−

) 

572.88 (PΟ4
3−

) 

1469.81 (CΟ3
2−

) 

1462.09 (CΟ3
2−

) 

1423.51 (CΟ3
2−

) 

875.71 (CΟ3
2−

) 

3643.65 Bending OH
−
 

3572.29 Bending OH
−
 

632.67 Bending OH
−
 

601.81 Bending OH
−
 

 

4.3 Particles Size Analysis 
 

 Figure (5) shows the particle distribution of micro and nano –HAP 

produce from egg shells calcined and mixed with phosphoric acid.  It can be 

seen that the particles size of powder are between 0.77µm and 24.67µm with 

a mean size of 5.005µm, because of the high agglomerations occur due to the 

surface area of the particles and of distilled water was used as a medium for 

examination without dispersants. 

 
Figure 5: Particle size analysis of HAP from egg shells. 

 

5 Conclusions 
  

This work showed that egg shells can be used as a natural source for 

manufacturing of HAP. The prepared powder from egg shells investigates a 

detailed structure analysis of HAP synthesized by a calcining technique and 

milling by planetary ball after mixing with phosphoric acid. The powder 

characterized using (FT-IR) and (XRD).  
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XRD gave information about the structure of the result powder, where 

XRD elucidated that the success of egg shells raw in producing pure HAP 

powder from comparison the result peaks of XRD pattern with standard 

HAP. FT-IR analysis confirm that the result powder from egg shells consists 

the same compounds existible in pure HAP. Also, the particle size was 

elucidated, where it is laying between 0.77µm and 24.67µm with a mean size 

of 5.005µm.  
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