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ABSTRACT

	 Hydroxyapatite (HAP) nano-powder was synthesized in a used precipitation reaction, in 
which calcium nitrate 4-hydrate [Ca(NO3)2.4H2O] and diammonium hydrogen phosphate [(NH4)2HPO4] 
were used as precursors and ammonia was used as the agent for PH adjustment. Hydroxyapatite 
powder has been studied at different firing temperature i.e 600, 700, 800, and 900oC to achieve high 
degree of crystallinity and purity. The synthesized samples were characterized by Fourier Transform 
Infra-red Spectroscopy (FT-IR), X-ray Diffraction (XRD), Scanning Electron Microscopy (SEM) and 
Energy Dispersive X-ray Spectroscopy (EDS) techniques. The result shows  that, high purity of 
nano-hydroxyapatite powders can be obtained at 600oC, and the crystallinity and Magnification show 
formed rod of nano-sized grain.
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INTRODUCTION

	 Hydroxyapatite (HAP), the main component 
of teeth and bones has received considerable 
attention as suitable material for bone tissue 
engineering because it is both biocompatible 
and osteoconductive1. Reported synthesis of 
hydroxyapatite using various reactants among 
others, the precursor used is calcium hydroxide and 
acid phosphate, calcium oxide and diammonium 
hydrogen phosphate, calcium nitrate 4-hydrateand 
diammonium hydrogen phosphate2-4. Source of 
calcium as precursors can be found in nature, 
such as corals, animal bones, shells of snails, 
and of limestone5-8. They have been grinded to 

produce smaller size. After calcining, they can turn 
into calcium oxide8. Techniques used are the sol-
gel, hydrothermal technique, and precipitation9-12. 
Some synthesis techniques are used to synthesize 
hydroxyapatite in a way that is economical, 
environmentally friendly, and safe from the bilologi 
and simplify the complexity of the synthesis of 
hydroxyapatite13.

	 In the present work, calcium nitrate 
4-hydrate [Ca(NO3)2.4H2O] from limestone is used to 
synthesize hydroxyapatite (HAP) with precipitation 
method. Firing temperature variations will be observed 
to determine the best temperature conditions that 
can form hydroxyapatite nanoparticles. The results 
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of the synthesis of hydroxyapatite are characterized 
by using X-ray Difraction (XRD) to see the formation 
of crystals and crystal size and Scanning Electron 
Microscopy (SEM) to see at the morphology of 
the material and also Energy Dispersive X-ray 
Spectroscopy (EDS) to determine the value of the 
molar ratio of Ca/P hydroxyapatite.

EXPERIMENTAL

	 Synthesis of Hydroxyapatite, Limestone 
was calcinated with 900oC for 5 h, in which limestone 
changed the phase of calcium carbonate (CaCO3) 

into calcium oxide (CaO). Calcium oxide (CaO) 
5.6 g were added to 100 mL of 2 M nitrate acid 
(HNO3) to change them into calcium nitrate hidrate 
(Ca(NO3)2.4H2O). The filtrate was taken, then added 
a solution of 100 ml 0.6 M  ((NH4)2HPO4) slowly 
while stirring for 1 hour at 90°C at pH 11. The 
addition of ammonium hydroxide (NH4OH) was for 
pH adjustment. The solution formed was precipitated 
for 1 day or +15 hours until a precipitate was formed. 
The precipitate formed was filtered and dried at a 
temperature of + 110oC aiming to eliminate solvents 
that are still contained. The precipitate which has 
been dried and then grinded into powder, was then 
calcinated at 600, 700, 800 and 900oC for 2 hours. 
Nanopowder formed was then characterized. 

RESULT AND DISCUSSION

Analysis FTIR
	 The results of FTIR measurements at 
different firing temperatures are shown in the Fig 1. 
Infrared spectra of HAP (Fig. 1) that informs about 
the hydroxyl (OH ) functional group by absorption 
band at 600, 700, 800 and 900°C, respectively 
at around 3453, 3571, 3571 and 3571 cm-1. FTIR 
spectrum is found in the P–O stretching asymmetric 

Table 1: The Measurements of Crystal size 
and Specific Surface Area Based on results of 

Firing Temperature Variations

Temp. 	 Crystal 	 Specific Surface 
(oC)	 size(nm)	 Area(m2/g)

600	 13,36 - 85,15	 22,30 – 142,08
700	 21,90 – 74,40	 25,52 – 86,71
800	  22,5 – 68,5	 27,7 – 84,3
900	 16,68 – 68,04	 27,91 – 113,85

Fig. 1: FTIR spectra of hydroxyapatite synthesized at (a) 600, (b) 700, (c) 800,
and (d) 900oC
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Fig. 2: X-ray diffraction patterns of hydroxyapatite synthesized 
at (a) 600, (b) 700, (c) 800,and (d) 900oC

Fig. 3: X-ray diffraction patterns of hydroxyapatite synthesized at 90oC with standart 16742

adsorption coming from the PO4
3-on 1150 – 1000 

cm–1, and known as the characteristics of bands for 
hydroxyapatite. The absorption bands of functional 
groups are presence at around 1069, 1011, 1043, 
and 1016 cm-1.These results are consistent with 
those reported14.

Analysis of XRD
	 Fig. 2 shows the X-ray diffraction pattern 
of hydroxyapatite with firing temperature variations 
during the firing of hidroxyapatite. While at 600°C, 
it has many forms of hydroxyapatite. It can be 

seen from the results of XRD suitability standard 
temperature 600°C with ICSD 16742 (Fig. 3). 
The presence of noise contained in the spectrum 
indicates the presence of amorphous hydroxyapatite 
while the sharp spectrum indicates the formation 
of hydroxyapatite crystals. From the XRD data, the 
size of the crystals formed can be seen by using 
the Scherrer equation, where a large crystal size is 
indicated by a sharp peak with a narrow peak width, 
while the small crystal size is indicated by the peak 
width. It is done by entering the value of FWHM (Full 
Width at Maximum) Scherrer equation to the known 
size of hydroxyapatite crystals15,16.
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	 Where t is the particle size, l is the 
wavelength used, b is the value of FWHM and è 
is the Bragg diffraction angle. As for determining 
the specific surface area, the following formula is 
used:

	 Where S is the specific surface area (m2/g), 
r is the size of the crystal and d is (3,16 g/cm3) 
the theoretical density of hydroxyapatite [15]. This 
equation can be determined based on the crystal 
size and specific surface area formed at the mixing 
temperature variations and this can be seen in the 
following Table 1. Table 1 shows that the sizes of 
the smallest particles and the largest surface area 
of firing temperature are obtained at 600oC, with 
a particle size of 13.36 to 85.15 nm and a surface 
area from 22.30 to 142.08 m2/g. Thus the best firing 
temperature is 600oC

Analysis of SEM
	 Fig. 4 shows that the SEM images of 
the synthesis of hydroxyapatite are in the form of 
powder when the firing temperature of the treatment 
is 600°C. Magnification shows formed rod of nano-
sized grains. Figure 4 shows that the measurement 

of particle size obtained by SEM at a temperature 
of 600oC is 0.09 µm - 0.71 µm

Analysis of EDS
	 EDS analysis results indicate that the ratio 
of Ca/P on hydroxyapatite powder at a temperature 
of 600°C is more than 1.67. It indicates that the 
presence of other compounds such as CaO 
contained in the hydroxyapatite powder has been 
synthesized17.

CONCLUSION 

	 The results of this study present an 
alternative method in the synthesis of hydroxyapatite 
namely through precipitation technique, it can be 
synthesized from limestone. By using the firing 
temperature of 600°C on calcium phosphate, nano-
sized crystals are formed and a large surface area is 
provided. SEM results show the spherical nano-sized 
grains. The ratio of EDS analysis results is greater 
than 1.67 and it indicates the presence of other 
compounds are formed.	
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Fig. 4: SEM images of hydroxyapatite powders of firing temperature 
at 600oC (a) 50.000X, and (b) 100.000X
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