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ABSTRACT
This work presents the extraction of hydroxyapatite (HA) material from goat bone by thermal treatment. The raw goat-bone was heated at 750°C for
6 hours to achieve the fine powder. The obtained powder was characterized by using several physical-chemical methods such as X-ray diffraction
(XRD), Fourier transmitted infra-red (FTIR), X-ray fluorescence (XRF), and Brunauer emmett teller (BET) methods. In addition, the synthetic
powder was also tested for microbiological property. The obtained results confirmed the purity and crystallinity of HA material. The microbiological
test confirmed the safety and hygiene of extracted HA without harmful-bacteria presence. The thermal treatment used in this work, is simply and
efficiency method for HA extraction.
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1. Introduction
Hydroxyapatite (HA) is a naturally occurring mineral with the formula Ca5(PO4)3OH or Ca10(PO4)6(OH)2. HA is a
major component of bones and teeth of humans and animals, accounting for 65-70% of bone mass and 70-80% of
teeth. HA materials are usually white, ivory, pale yellow or blue in color, depending on the formation conditions,
particle size and aggregation state. HA has some physical properties such as melting point at 1760°C; boiling point
at 2850°C; solubility in water is 0.7 g/l; molecular mass is 1004.60; density of 3.156 g/cm3; hardness value on the
Mohs scale is 5 [1]-[2]. Because HA is the main inorganic component in human bone, it has high bio-compatibility,
and often used as bone material in orthopedic surgery, bone grafting, dental filling [3]-[4]. Through reference to the
literature, HA material can be synthesized through physical-chemical methods such as precipitation, sol-gel, solid
phase reaction, plasma methods; or isolated from animal bones. In which, HA material isolated from animal bones
showed better biocompatibility due to the same natural properties [5]-[8]. To separate HA material from animal
bones, the thermal decomposition method is commonly used. In the studies [7]-[10], HA material was separated
from bovine, caprine, and galline bones by heat treatment of the original bone samples at temperatures ranging
from 600°C to 1000°C. Research shows that HA was shown to have the best purity at about 750°C for a calcination
time of 6 h. Besides, the purity, crystallinity, and particle sizes depend on the temperatures and the heating times of
the initial samples. In this work, we separate HA material from goat bone.
Separation material is evaluated for physical and chemical properties such as phase composition, functional groups,
elemental composition, porous structure, as well as microbiological criteria of the material.
2. Experiment and Methods
2.1. Experiment
Unprocessed natural goat bone was removed the flesh, fat and membrane that clings to the outside of the bone, and
then cut the bone into long pieces (Fig.1a). Bones after being cut, were washed with distilled water to clean,
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removed mechanical impurities and organic compounds, and then boiled for several hours. The goat bone samples
were removed, washed, dried (Fig.1b), and then ground into bone meal (Fig.1c).
The bone meal was heated at 750°C for 6 hours based on previous research [7]-[8], then ground into a fine
ivory-white powder (Fig.1d).

Fig.1. Protocols of HA synthesis by thermal treatment: (a) unprocessed bone, (b) pieces of cleaned bone, (c) raw
bone-powder, (d) synthetic bone powder
2.2. Method for characterization
The phase composition of bone powder was characterized by using XRD. The functional groups were analyzed by
FTIR technique. The elemental composition was identified by XRF. The texture of bone powder was analyzed by
using BET method. Microbiological examination is performed with some causative bacteria such as Coliforms,
Escherichia coli, Staphylococcus aureus.
3. Results and Discussion
3.1. XRD Investigation
Fig.2 presents the XRD diagram of bone powder synthesized from goat bone by the thermal treatment. XRD
diagram of bone powder separated at 750°C showed the appearance of sharp and narrow peaks, confirming the
crystalline state of the bone powder. All observed peaks correspond perfectly to those of the standard XRD diagram
of pure hydroxyapatite [11]. The peaks of the bone meal sample when compared with the standard sample include
main peaks at 26°, 32° and 50° (2θ) regions as well as other minor peaks. In addition, no strange peaks was
observed. This result shows that the bone meal sample was heat treated at 750°C for 6 hours for completely pure
HA material.
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Fig.2. XRD diagram of bone powder synthesized at 750°C during 6 hours
3.2. FTIR Analysis
Fig.3 presents the FTIR spectrum of HA separated from goat bone by heat treatment. Comparison with the standard
HA sample [12]-[14], the result shows that the bone powder has all the characteristic spectral bands of HA.
Specifically, the spectral bands at 474.71; 570.97; 603.11; 632.91; 963.67; 1047.08; 1089.89 cm-1 are typical for
PO43- group oscillations in the HA crystal structure. In addition, spectral bands of CO32- and OH- were also
observed, which could be explained by CO2 and water vapor absorption during sample storage as well as sample
transfer to infrared spectroscopy.

Fig.3. FTIR Spectrum of bone powder synthesized at 750oC during 6 hours
3.3. XRF Analysis
The elemental composition of bone powder was tested by using XRF technique (Table 1). From the obtained data,
calcium and phosphorous are the principal elements, were found. Besides, the minor amounts of other elements
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such as magnesium, potassium, sodium, strontium were detected. This analysis result is similar to that in the
previous study [15], confirmed the success of HA extraction.
Table 1. XRF analysis for elemental composition of bone powder
Elemental names

Wt.%

Error.%

Ca

70.6

0.08

P

27.15

0.1

Mg

1.03

0.03

Na

1.12

0.02

K

0.07

0.002

Sr

0.03

0.001

3.4. BET Characterization
Fig.4 presents the nitrogen adsorption/desorption isotherm of bone powder. The feature mentions that the isotherm
can be attributed for type IV according to the International Union of Pure and Applied Chemistry (IUPAC)
classification. The bone powder is identified as meso-porous material [16]. From the Barrett-Joyner-Halenda (BJH)
calculation, the pore size of bone powder is ranged from 1 to 100 nm, with the pore diameters centered at 3 nm. This
result shows that the obtained HA powder is quite fine with small pore size in nanoscale (Fig.5). The BET
multi-points measurement is showed in the Fig.6. The calculated value of specific surface area is 4.910 m2/g.

Fig.4. BET isotherm study of bone powder
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Fig.5. BJH pore size distribution of bone powder

Fig.6. BET multi-point measurement for bone powder
3.5. Microbiological Evaluation
Microbiological testing was effectuated with some harmful bacteria, including Coliforms, Escherichia coli,
Staphylococcus aureus. The experiments were performed at the Center of Analytical Services Experimentation
HCMC. The collected data is shown in Table 2. The obtained results show that HA material powder separated from
goat bone is completely clean with harmful bacteria. HA material can bring practical application values as a safe
and hygienic product.
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Table 2. Microbiological testing for bacteria
Bacterial Names

Calculated Unit

Result

Testing Method

Coliforms

CFU/g

<10

ISO 4832:2006

Escherichia coli

CFU/g

No detection

ISO 16649-3:2015

Staphylococcus aureus

CFU/g

No detection

ISO 6888-3:2003

4. Conclusion
We have successfully extracted HA powder from goat bone using the thermal technique. The obtained results from
XRD and FTIR confirmed the high purity and crystallinity of the synthetic HA material. The BET measurement
confirmed the mesoporous structure of HA powder with the pore size centered at 3 nm. The microbiological assay
confirmed the safety and hygiene of extracted HA powder. Thus, the thermal treatment proved to be a potential
process for extraction of HA powder from natural bone. This processing is quite simple and effective, can produce
a large amount of HA materials with good quality.
Declarations
Source of Funding
This research did not receive any grant from funding agencies in the public, commercial, or not-for-profit sectors.
Competing Interests Statement
The author declares no competing financial, professional and personal interests.
Consent for publication
Author declares that he/she consented for the publication of this research work.
Availability of data and material
Author is willing to share the data and material according to relevant needs.

References
[1] Junqueira, Luiz Carlos; José Carneiro (2003). Foltin, Janet; Lebowitz, Harriet; Boyle, Peter J., biên tập. Basic
Histology, Text & Atlas (ấn bản 10). McGraw-Hill Companies. tr. 144. ISBN 978-0-07-137829-1. Inorganic matter
represents about 50% of the dry weight of bone. crystals show imperfections and are not identical to the
hydroxyapatite found in the rock minerals.
[2] Angervall, L., Berger, S., Röckert, H (2009). A microradiographic and x-ray crystallographic study of calcium
in the pineal body and in intracranial tumours. Acta Pathologica Microbiologica Scandinavica, 44(2): 113-119.
[3] Palmer, L.C., Newcomb, C.J., Kaltz, S.R., Spoerke, E.D., Stupp, S.I (2008). Bio-mimetic systems for
hydroxyapatite mineralization inspired by bone and enamel. Chem Rev., 108: 4754-4783.
ISSN: 2456-883X

www.ajast.net
6

Asian Journal of Applied Science and Technology (AJAST)
Volume 6, Issue 2, Pages 01-07, April-June 2022
[4] Debnath, T., Chakraborty, A., Pal, T.K (2014). A clinical study on the efficacy of hydroxyapatite - Bioactive
glass composite granules in the management of periodontal bony defects. J Indian Soc Periodontol.,18(5): 593-600.
[5] Guo, Y.J., Wang, Y.Y., Chen, T., Wei, Y.T., Chu, L.F., Guo, Y.P (2013). Hollow carbonated hydroxyapatite
microspheres with mesoporous structure: hydrothermal fabrication and drug delivery property. Mater Sci Eng C
Mater Biol Appl., 33(6): 3166-72.
[6] Nasser, A.M.B., Myung, S., Omran, A.M., Faheem, A.S., Hak, Y.K (2009). Extraction of pure natural
hydroxyapatite from the bovinebones bio waste by three different methods. Journal of Materials Processing
Technology, 209(7): 3408-3415.
[7] Ramesh, S., et al. (2018). Characterization of biogenic hydroxyapatite derived from animal bones for
biomedical applications. Ceramics International, 44(9): 10525- 10530.
[8] Ramirez- Gutierrez, C.F., et al. (2017). Effect of the temperature and sintering time on the thermal, structural,
morphologicalm and vibrational properties od hydroxyapatite derived from pig bone. Ceramics Internation, 43(10):
1552-1559.
[9] Jamiu, K.O., Danyuo, Y., Abdulazeez., D.B., Akeem, A.Z (2019). Synthesis and characterization of
hydroxyapatite from bovine bone for production of dental implants. J Appl Biomater Funct Mater., 17(2): 1-7.
[10] Obinna, A.O., Abdu, S., Ibrahim, A., Bello., A., Chinedu, S.N (2021). Sixtus Nwannenna, Synthesis
techniques, characterization and mechanical properties of natural derived hydroxyapatite scaffolds for bone
implants: a review. SN Applied Sciences, 3: 1-23.
[11] Hydroxyapatite Standard ICDD 9-432.
[12] Kolmas, J., Krukowski, S., Laskus, A., Jurkitewicz, M (2016). Synthetic hydroxyapatite in pharmaceutical
applications. Ceramics International, 42: 2472-87.
[13] Rogina, A., Ivanković, M., Ivanković, H (2013). Preparation and characterization of nano-hydroxyapatite
within chitosan matrix. Materials Science and Engineering C, 33(8): 4539-4544.
[14] Xiao, W., Sonny, B.B., Rahaman, M.N (2016). Preparation of resorable carbonate-substituted hollow
hydroxyapatite microspheres and their evaluation in osseous defects in vivo. Materials Science and Engineering C,
60(3): 324-332.
[15] Bahrololoom, M.E., Javidi, M., Javadpour, S (2009). Characterisation of natural hydroxyapatite extracted
from bovine cortical bone ash. Journal of Ceramic Processing Research, 10(2): 129-138.
[16] Thommes, M., Kaneko, K., Neimark, A.V., Olivier, J.P., Rodriguez‐Reinoso, F., Rouquerol, J., Sing, K.S.W
(2015). Physisorption of gases, with special reference to the evaluation of surface area and pore size distribution
(IUPAC Technical Report). Pure Appl. Chem., 87: 1051-1069.

ISSN: 2456-883X

www.ajast.net
7

