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Abstract 
 This study focuses on the synthesis and characterization of hydroxyapatite 

which can be used in the biomedical field. The bio-ceramic 
(hydroxyapatite) was extracted from animal bone after being degreased, 
cleaned and ground into fine particles of micrometric sizes, the powder 
obtained was calcined at 650℃ in an oven. The thermal decomposition 
technique is chosen for the extraction of hydroxyapatite bio-ceramic 
because it has a high economic efficiency, moreover it is less complex, in 
comparison with other synthetic methods. The synthesized hydroxyapatite 
was characterized physico-chemically and mechanically using Fourier 
transform infrared spectroscopy (FTIR), X-ray fluorescence (XRF), 
scanning electron microscopy (SEM) and a test machine of Vickers 
hardness for hardness measurement. The results obtained showed that 
hydroxyapatite can be economically extracted from a natural source and 
can be used as a promising biomaterial in the biomedical field. 
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1. Introduction 

Unlike most man-made materials, naturally occurring materials used 
in living systems are often multifunctional and dynamic, and are 
produced using proper manufacturing methods. Calcium phosphate 
(CP) biomaterials are a group of compounds with a Ca/P molar ratio 
between 0.5 and 2 and have been the subject of intense research for 
more than half a century for the reconstruction various bone defects 
especially in the field of dental, orthopedic and trauma surgery [16]. 

Hydroxyapatite (Ca ten (PO4)6(OH)2 as a family member of the apatite 
group, thermodynamically stable in its crystalline state in body fluid is 
the well-known mineral component of advanced ceramics like bio-
ceramics, a been recognized to have potential in some advanced 
applications such as drug and gene carriers, to separate proteins, and 
as an adsorbent in wastewater purification [14-4-8]. Due to these 
properties, hydroxyapatite has been used for decades as an alternative 
biomaterial for bone grafting [3-4-9]. In fact, Hydroxyapatite can 
either be synthesized from chemical reactions or derived from natural 
sources. It should be noted that the structural and mechanical 
properties of synthetic hydroxyapatite can be changed by varying the 
processing method [11-12]. Therefore, the manufacturing step of 
hydroxyapatite from natural sources and its final powder properties 
have been studied as crucial factors to produce the desired 
biomaterials 

 
2. Method 
 

2.1 Preparation of the hydroxyapatite powder 
In this experiment, to extract the HAP bio-ceramics, the bone samples 
were first cleaned, degreased with distilled water, dried and ground 
into fine particles. The prepared powders were calcined at 
temperatures ranging from 650°C for 6 hours.the steps of preparations 
of the natural hydroxyapatite powder are shown in the figure 1. 
 

 

2 .2 Preparation of sintered samples 
A cylindrical stainless-steel mold was filled with hydroxyapatite 
powder to produce a sintered sample specimen of hydroxyapatite. The 
hydroxyapatite powders were mixed with organic oil for obtain the 
porosity and good lubrication of the mold. The powder was then 
pressed into a mild steel mold using a manual press Finally, the 
samples were sintered at 1100°C in an oven for 3 hours.the 
preparation of the sintered samples is shown in the figure 2. 
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2.3 Physico-chemical characterization 
The Hydroxyapatite powder obtained were characterized physio-
chemically by scanning electron microscope (SEM), Fourier transform 
infrared spectroscopy (FTIR), and X-ray fluorescence spectrometry 
 
2.3.1Fourier Transform Infrared (FTIR) 
The FTIR method is used for analysis of samples in the 400–4000 
cm−1 range wave lengths to determine temperature optimal for the 
extraction of pure hydroxyapatite. 

 

2.3.2Scanning electron microscope (SEM) 
The surface morphology of the biomaterials obtained was determined 
using a scanning electron microscope (SEM) 
 
2.3.3 X-ray fluorescence spectrometer (FRX) 
The oxide elements present in the sample are analyzed by X-ray 
fluorescence spectrometer 
 
2.4Mechanicaltest 
The measurement of the Vickers hardness of the samples sintered at 
1100°C was determined using a Vickers machine. 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Block diagram for extracting hydroxyapatite biomaterial from 
animal bone 

1.Cleaning the biomatériel with water 

2.Drying in the over for 24h 

3.Grinding of biomaterial 
 

4.Calcination of the biomaterial at a temperature of 650°C 
calcination of the biomaterial at a temperature of 650°C for 6 

hours at 10°/min 
 

5.Cooling overnight in the oven 
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Figure 2.Preparation step for sintered samples at 1100°C for 3 hours. 
 

 

3. Results 
 

 

Figure 3.  Images showing the color change from the yellowish brown of raw 

bone powder (A), to the white color of hydroxyapatite (B). 

 

Figure 4. FTIR spectrum of hydroxyapatite biomaterial treated at 650°C 
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Figure 5. Surface morphologies of raw powder (a), (b) hydroxyapatite 

obtained at 650°C and (c) hydroxyapatite sintered at 1100°C 

Table 1. inorganic constituents (% by weight) of hydroxyapatite 
 

chemical elements 

 

(% by weight) of 

hydroxyapatite 

 

CaO 

P2O5 

Al02 

Fe2O3 

ZnO 

SrO 

Sc2O3 

SiO2 

SO3 

 

58,6 

35,9 

4,85 

0,06 

0,03 

0,11 

0,22 

0,07 

0,04 

 

  
Table 2. Hardness value of sintered hydroxyapatite at 1100°C 

 for 3 hours 
 

Setting Value (HV) 

Hardness 408,43 
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4. Discussion 

4.1 Visual observation 

The hydroxyapatite was obtained at a temperature of 650°C for 6 
hours, this was confirmed by the change in color from yellowish 
brown to white, this color change means an elimination of organic 
matter [13] 

4.2 FTIR Analysis 

Fourier transform infrared analysis (FTIR) showed that the organic 
matter was eliminated at a temperature of 650°C, this was confirmed 
by the disappearance of the amide and carbonate bands present in the 
raw powder, at the same temperature we have noticed the appearance 
of the phosphate and hydroxyl bands characteristic of hydroxyapatite, 
this can also be confirmed by visual observation, as the color changes 
from yellowish brown to white. The results of the literature [11-3-2] 
carried out on hydroxyapatite have shown that the elimination of 
organic matter is only done after 700°C this difference is perhaps due 
to the method of extraction, the type, age and sex of the biomaterial 
(Bone)…. 

4.3 SEM analysis 

The images shown in Figure 3 illustrate the changes in surface 
morphology of hydroxyapatite as a function of calcination 
temperature. The hydroxyapatite powder (b) heated to 650°C contains 
multi-pores created by the removal of material organic unlike the raw 
powder (a) with a compacted micro-surface, after the sintering process 
we notice the cohesion of the particles between them and the pores 
become smaller and smaller, as shown in Figure 5 (c), this indicates 
that the calcination temperature has a direct effect on the change in 
grain size hence a higher calcination temperature leads to an increase 
in grain size, this grain growth may be related to the absorption rate of 
the thermal energy of the particles, these results agree with those 
found by [3-11] 
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4.4 XRF analysis 

The chemical analysis (FRX) of the powder calcined at 650°C illustrated in 
the table 1shows the presence of the major element’s calcium and phosphorus 
with a Ca/P ratio = 1.63, perfectly suited to biomedical applications. The 
powder also contains traces of ions such as Aluminum, iron, zinc and 
strontium which play a very important role in the biocompatibility of bio-
ceramics, these results are close to those found by previous studies [15-13] 

4.5 Mechanical test 

Table 2 shows that the value of the hardness of the hydroxyapatite 
biomaterial prepared by the sintering process at a temperature of 1100°C for 
3 hours is lower than the theoretical value which is 600HV. This result 
reveals a very significant difference between the hardness of natural and 
synthetic hydroxyapatite. This result agrees with the result found by [15]. We 
are basing ourselves on the previous research of the mechanical tests carried 
out on hydroxyapatite, it can be deduced that the hardness depends on the 
porosity and the density of the biomaterial, the latter increases with the 
increase in temperature, however the sintering process is considered as a 
factor. crucial for the fabrication of bio-ceramics with appropriate mechanical 
properties. [4-15] 
 

5. Conclusion 
Using natural sources to extract Hydroxyapatite ensures sustainability 
since these natural sources can enable the recovery of nutrients from 
waste materials to transform them into value-added materials; 
The results showed that the hydroxyapatite obtained by the method of 
thermal decomposition at a temperature of 650°C for 6 hours from 
natural animal waste, has good physicochemical characteristics which 
makes it useful for biomedical application on the other hand the 
samples of hydroxyapatite obtained after the sintering process carried 
out at a temperature of 1100°C for 3 hours have poor mechanical 
properties. Therefore, it can be concluded that the temperature and the 
duration of the treatment are key parameters for determining the 
composition of the extracted product. 
 

References  

[1] M. Islam, P. Chandra Mishra, et R. Patel, « Physicochemical 
characterization of hydroxyapatite and its application towards removal of 

nitrate from water », Journal of Environmental Management, vol. 91, n
o
 9, p. 

1883-1891, sept. 2010, doi: 10.1016/j.jenvman.2010.04.013 



A. Belounis et al. / J. Phys. &Chem. Res 2, Issue 1, June (2023) 44–52
 

Special Issue of the National Seminar of physics, Chemistry and their Applications “NSPCA’23”  
March 6-7th, 2023,  Mohamed El Bachir El Ibrahimi University, Bordj-Bou-Arreridj, Algeria 

 51 

 

[2] T. Amna, « Valorization of Bone Waste of Saudi Arabia by Synthesizing 

Hydroxyapatite », Appl Biochem Biotechnol, vol. 186, n
o
 3, p. 779-788, nov. 

2018, doi: 10.1007/s12010-018-2768-5. 

[3] W. Khoo, F. M. Nor, H. Ardhyananta, et D. Kurniawan, « Preparation of 
Natural Hydroxyapatite from Bovine Femur Bones Using Calcination at 
Various Temperatures », Procedia Manufacturing, vol. 2, p. 196-201, 2015, 
doi: 10.1016/j.promfg.2015.07.034. 

[4] E. Hosseinzadeh, M. Davarpanah, et N. H. Nemati, « Fabrication d’un 
remplacement de tissu dur à l’aide d’hydroxyapatite naturelle dérivée d’os de 
bovins par la méthode de décomposition thermique », vol. 5, p. 9, 2014. 
 N. A. S. Mohd Pu’ad, P. Koshy, H. Z. Abdullah, M. I. Idris, et T. C. 

Lee, « Syntheses of hydroxyapatite from natural sources », Heliyon, vol. 5, n
o
 

5, p. e01588, mai 2019, doi : 10.1016/j.heliyon. 2019.e01588. 

[6] Babeş-Bolyai University, Faculty of Chemistry and Chemical 
Engineering, 11 Arany Janos str., RO-400028, Cluj-Napoca, Romania et al., 
« Hydroxyapatite for removal of heavy metals from wastewater », Studia 

UBB Chemia, vol. 62, n
o
 4, p. 93-104, déc. 2017, doi: 

10.24193/subbchem.2017.4.08. 

[7] D. A. El-Nagar, S. A. Massoud, et S. H. Ismail, « Removal of some heavy 
metals and fungicides from aqueous solutions using nano-hydroxyapatite, 
nano-bentonite and nanocomposite », Arabian Journal of Chemistry, vol. 13, 

n
o
 11, p. 7695-7706, nov. 2020, doi: 10.1016/j.arabjc.2020.09.005. 

[8] A. Nayak et B. Bhushan, « Hydroxyapatite as an advanced adsorbent for 
removal of heavy metal ions from water: Focus on its applications and 
limitations », Materials Today: Proceedings, vol. 46, p. 11029-11034, 2021, 
doi: 10.1016/j.matpr.2021.02.149. 

[9] A. Khamkongkaeo et al., « Sintering behavior and mechanical properties 
of hydroxyapatite ceramics prepared from Nile Tilapia (Oreochromis 
niloticus) bone and commercial powder for biomedical applications », 

Ceramics International, vol. 47, n
o
 24, p. 34575-34584, déc. 2021, doi: 

10.1016/j.ceramint.2021.08.372. 

[10] Z. Zhu, L. Li, H. Zhang, Y. Qiu, et J. Zhao, « Adsorption of Lead and 
Cadmium on Ca-Deficient Hydroxyapatite », Separation Science and 

Technology, vol. 45, n
o
 2, p. 262-268, janv. 2010, doi: 

10.1080/01496390903423626. 

[11] J. K. Odusote, Y. Danyuo, A. D. Baruwa, et A. A. Azeez, « Synthesis 
and characterization of hydroxyapatite from bovine bone for production of 
dental implants », Journal of Applied Biomaterials & Functional Materials, 



A. Belounis et al. / J. Phys. &Chem. Res 2, Issue 1, June (2023) 44–52
 

Special Issue of the National Seminar of physics, Chemistry and their Applications “NSPCA’23”  
March 6-7th, 2023,  Mohamed El Bachir El Ibrahimi University, Bordj-Bou-Arreridj, Algeria 

 52 

 

vol. 17, n
o
 2, p. 228080001983682, avr. 2019, doi: 

10.1177/2280800019836829. 

[12] H. L. Jaber, A. S. Hammood, et N. Parvin, « Synthesis and 
characterization of hydroxyapatite powder from natural Camelus bone », J 

Aust Ceram Soc, vol. 54, n
o
 1, p. 1-10, mars 2018, doi: 10.1007/s41779-017-

0120-0. 

[13]  A. Ghedjemis et al., « Preparation of Hydroxyapatite from Dromedary 
Bone by Heat Treatment », Int J Environ Res, vol. 13, no 3, p. 547-555, juin 
2019, doi: 10.1007/s41742-019-00198-5. 

[14] E. Ghasemi et M. Sillanpää, « Magnetic hydroxyapatite nanoparticles: 
An efficient adsorbent for the separation and removal of nitrate and nitrite 
ions from environmental samples: Other Techniques », J. Sep. Science, vol. 
38, no 1, p. 164-169, janv. 2015, doi: 10.1002/jssc.201400928. 

[15] N. S. Jouda et A. Fadhel Essa, « Preparation and study of the structural, 
physical and mechanical properties of hydroxyapatite nanocomposite », 
Materials Today: Proceedings, vol. 47, p. 5999-6005, 2021, doi: 
10.1016/j.matpr.2021.04.550. 

 
[16] M. Akram, R. Ahmed, I. Shakir, W. A. W. Ibrahim, et R. Hussain, 
« Extracting hydroxyapatite and its precursors from natural resources », J 
Mater Sci, vol. 49, no 4, p. 1461‑1475, févr. 2014, doi: 10.1007/s10853-013-
7864-x. 
 


