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Abstract. Hydroxyapatite (HA) is a calcium phosphate has similar chemical composition and morphology with 

human hard tissues, and has properties of osteoconductivity, bioactivity and assisting the growth of bone tissue. 

HA is widely applied as synthetic bone graft materials available as alternatives to autogenously bone for repair 

and substitution. In this study Hydroxyapatite has been synthesized by reacting precursors with 1 M of CaCO3 

and (NH4)2HPO4 aqueous solution by using hydrothermal method at temperatures 150oC and 300 oC. After 

drying, the hydroxyapatite sample was sintered at 900 oC with time variation of 1, 3 and 5 hours. The samples 

are then characterized using X-Ray Diffraction (XRD) shown that the particle size of the nanohydroxyapatite 

obtained that sintered at 900 oC for 3 hours is 47,6 nm corresponding to the particle size of nanohydroxyapatite 

in native bone. Scanning Electron Microscope (SEM) showed that the morphology of nanohydroxyapatite such 

as rod, and Energy Dispersive Analysis X-Ray (EDX) was found the ratio Ca/P is 1.8   

 

 

INTRODUCTION 

The major constituent of human bone is calcium which binds to a phosphate, hydroxyl and carbonate 

groups to form calcium phosphate hydroxyapatite compounds Ca10(PO4)6(OH)2, (HA). In the body, calcium is 

an important element that functions in the body's metabolism and the formation of bones and teeth [1]. 

Hydroxyapatite (HA) can be formed in nanoparticle sized as a nano hydroxyapatite (nano-HA) less than 1 

micron as produced by utilizing nano technology [2]. The nano-HA compounds in bone are present in two 

phases, the amorphous and crystalline that is known to be very stable while the amorphous phase is needed to 

dissolve easily in the body. On the other hand, the minerals will be more absorbed and thrive in the crystalline 

phase when compared to the amorphous phase [3, 4]. 

 Nano-HA is one of the biomaterials that is biocompatible to the human body, does not damage to other 

body tissues, used for bone transplant in that it can bind to bone and its good biocompatibility and 

osteoconductivity [5]. Nano-HA can be formed layers on the surface of bone tissue and accelerate bone 

formation on the implanted surface also can be used in bone cement with better sinter ability and bioactivity than 

large crystals [6]. The nano materials can increase the ability of cell mineralization in-vivo and absorbed in 

enamel more strongly and thus, a nano sized HA has the potential to revolutionize the hard tissue implant 

technique, specifically the repair of bones and teeth [7].  

Many methods have been developed to synthesize HA powders and the fabrication of nano-HA using wet 

processing has been reported by sol-gel, gel-mediated, precipitation and hydrothermal processing. Hydrothermal 

synthesis is defined as the method of material crystals formation in hot water at high pressure, where the 

temperature of reaction can be raised above the boiling point of water and the achievement of the pressure of the 

vapor saturation [8]. Among them, the hydrothermal method is often used to prepare HA with high crystallinity 

and homogeneous size and shape, which can be achieved at low relatively temperature [9].  In this investigation, 

hydrothermal reactions between  

Calcium carbonate chemical (CaCO3) with di ammonium hydrogen phosphate (NH4)2HPO4 with were 

performed from 150o C and 300o C for 2 hours respectively then removed from the reactor and aged for 20 hours 

at room temperature. It was subsequently filtered and heated in an oven at 150°C for 1 hour (the drying process). 

After hydrothermal reaction the sample, most products are HA rods.  
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METHODOLOGY 

Preparation of Samples 

Calcium carbonate (CaCO3), di ammonium hydrogen phosphate (NH4)2HPO4, (all analytical grade) were 

used as the reactants.  Reagents were used quantities to give a Ca/P molar ratio equal to the stoichiometric HA 

value of 1.67, and Ca/P mole ratios of Ca, 0.5, 1 and P 0.3, 0.6 respectively (Table 2.1). Reagents were used 

quantity to give a Ca/P molar ratio equal to the stoichiometric HA value of 1.67, and Ca/P mole ratios of Ca, 0.5, 

1 and P 0.3, 0.6. The mixture was treated by hydrothermal at 150 °C, 300 °C for 2 hours and stirring speed was 

set to 300 rpm (Table 2.2). The resulting of precipitate was washed at several times with distilled water and it 

reached at room temperature for 20 hours. Once the desired temperature was kept constant for 4 hours. It was 

aged for 20 hours at room temperature. Then, it was subsequently filtered and heated in an oven at 110 °C for 3 

hours (the drying process). After the drying process, the sample ended up in the form of a solid mass. It was then 

milled in a ball mill for 1 hour, using a ratio of 10 gr of steel balls per 1 gr of sample. The result was a sample in 

powder form.  

 

Hydrothermal Synthesis 

The solution was stirred for 4 hours using a magnetic stirrer. After wards, it was heated in an oven at 150 

°C for 4 hours. Aging and drying were done in the same way as the first method, though milling was done with a 

mortar and pestle instead. 

TABLE 1. Molar ratios of materials 

Sample Molarities 

CaCO3 

Molarities 

(NH4)2HPO4 

Mass (gram) 

CaCO3 (NH4)2HPO4 

A 0.5 0.3 5 3.96 

B 1 0.6 10 7.92 

 
TABLE 2. Hydrothermal Parameter 

No Sample Temperature ( 0C) Pressure (psi) Stirring speed (rpm) Kept of time (h) 

1 A 150 249 300 2 

2  300 244 300 2 

1 B 300 245 300 2 

2 
 

300 245 300 2 

 

Sintering 

In the sintering process, the used B-300 sample, was heated in a furnace at a temperature 9000C and kept 

for 3 h. Variations on sintering time were 1, 3 and 5 hours for each sample.  

 

Characterization 

Phase analysis was performed by XRD diffractometer with Cu-Kα radiation (λ¼ 1.5418Å). The chemical 

bonding state of the synthesized samples was analyzed by FTIR spectroscopy using a Bruker ALPHA-E 

spectrometer. The morphology of the products was determined using SEM (Hitachi 4800-S & Hiroba EDS) and 

Scanning Electron Microscopy (SEM) and Energy Dispersive Analysis X-Ray (EDX). The Ca/P ratios in the 

dried powders were measured by EDX characterization. 

 

Characterization 

Phase analysis was performed by XRD diffractometer with Cu-Kα radiation (λ¼ 1.5418Å) at Balai 

Pengujian dan Identifikasi Barang (BPIB) Direktoran Jendral Bea dan Cukai kementrian Keuangan, The Surface 

morphology of the products was determined using SEM (Zeiss type EVO’500) and the microstructure of the HA 

samples identified with the magnifications were 1000x, 2000x, 5000x and 10000x. Ca/P ratios in the dried 
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powders were measured by EDX characterization. Energy Dispersive Analysis X-Ray (EDX) type Bruker at 

BPPT Departemen Kehutanan, Gunung Batu-Bogor.  

 

RESULTS AND DISCUSSIONS 

The XRD patterns of the synthesized HA powders are presented in Fig. 1. The XRD patterns of the HA 

samples (A-150, A-300, B-150, and B-300) are in a good agreement with the HA data JCPDS no. 09-432 

standard, although not all peaks lie in right precise with data on JCPDS standard. The lattice parameters were 

obtained using MDI Jade6.1 software and it can be known that the hydroxyapatite be present in the sample. 

 

 
FIGURE 1. XRD pattern of sample A-150, A-300, B-150, and B-300 

The XRD patterns of products prepared by hydrothermal reaction of HA samples at different temperatures 

are shown in Fig. 2. Sample A and B, after hydrothermal reaction at 1500 and 3000 C for 2 h (spectrum A and B 

in Fig. 2). 

 

 
         FIGURE 2. XRD pattern of sample A-150, A-300        XRD pattern of sample B-150, B-300 

The sharpening of the three strongest HA main peaks (2 θ = 31.7, 32.1, 32.8, JCPDS 9-432) and the 

flattening of the diffraction background (2θ at about 28–34) mean that the HA significantly crystallized and the 

content of amorphous calcium phosphate decreased by performing the autoclaving hydrothermal treatment in an 

ambient saturated steam pressure system. The crystallinity of the HA increased with increasing the hydrothermal 

heating time and temperature. Since the hydroxyl groups (OH) promote the reconstitution of amorphous calcium 

phosphate into crystalline HA, therefore, the saturated steam pressure atmosphere of the autoclaving 

hydrothermal treatment can significantly HA crystallization and effectively eliminate amorphous calcium 

phosphate through the replenishment of OH groups improve.  

 

Characterization of Sintered Hydroxyapatite 

The heat treatment was carried out in temperature 900º C. Simultaneously, with increase of sintering 

temperature, the intensity of bands corresponded to OH– group is reduced. 
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          FIGURE 3.  Sample A-150 sintering and unsintering           Sample B-300 sintering and unsintering 

Based on the test results of XRD (Fig. 3) shows that the HA samples sintered at a temperature of 900oC 

(Fig 3) has the highest intensity of the diffraction peak for B-300, which is 10201.02. Therefore, the sample can 

be said to have a higher crystallinity compared to the HA samples not sintering and sintered at a temperature of 

900 oC. Crystallinity of a material was figured out by looking at the parameters peak height and FWHM 

bandwidth, but cause HA samples produced a single crystal phase and no other phases formed, the height of 

peaks can represent the HA crystalline. 

 
                                                       FIGURE 4.  Variation time of sintering (1 h, 3 h, 5 h) 

 

Figure 4 above shows that crystallinity decreased when viewed from maximum diffraction peak height. 

The HA samples sintered at 900oC for 3 hours has a higher crystallinity compared with the HA samples sintered 

at 900oC for 1 hour and 5 hours. Based on the XRD data obtained, it can also note the sample size of HA 

crystals. To determine the size of the crystal, Scherer equation was used. Figure 4 shows an increase in crystal 

size due to an increase in sintering temperature. This is in contrast with the measured crystal size of the sample 

with sintering time variations. The crystallinity size data, which was calculated using Scherer’s equation. Size of 

HA crystalline from sintered at 900oC for 3 hours with the higher crystallinity calculated from Scherer’s 

equation is 47.6 nm. From the XRD data, synthesized of nano-HA has been successfully was done.  

SEM characterization on samples by energy 10 kV using 1000x magnification, 2000x, 5000x, and 10.000 x 

is shown in Figure 5. 
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FIGURE 5. SEM micrographs of synthesized HA powders 

 

The SEM picture above showed no differences in morphological structure. However, there have been little 

changes in the form of granules. The surface morphology of nano crystal hydroxyapatite sample is not too 

homogeneous but the formation of nano-HA rods in this reaction is observed to follow a similar nucleation and 

growth process as for the hydrothermal treatment, sintering and the reaction of Calcium carbonate (CaCO3), di 

ammonium hydrogen phosphate (NH4)2HPO4. In both reactions, dissolution of sample into solution, facilitating 

further nano-HA formation consistent with the steady level of b-TCP present, suggesting a balance between its 

formation and its dissolution is necessary. Indicating crystallite sizes smaller than 50 nm for micro- metric and 

for all nanometric particles and further examinations show that the particle sizes of nano- HA rod range from 

about 40 to 50 nm. The percentage of each element present in hydroxyapatite which is synthesized is used by 

Energy Dispersive Analysis X-Ray (EDX). 

 

 

 
FIGURE 6.  Result of EDX 
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TABLE 3. The percentage of each element present in hydroxyapatite by EDX 

Element Series Weigt (%) Atom (%) Error (%) 

Carbon K-series 2.21 4.48 0.5 

Oksigen K-series 36.11 54.83 5.6 

Fosfor K-series 18.56 14.56 0.9 

Calsium K-series 43.12 26.14 1.7 

Total 100.00 100.00  

 

Based on the result of determination by EDX can be seen that the elements contained on the sample 

are C, O, P, and Ca which in accordance with the constituent elements of hydroxyapatite. The test results 

were then analyzed with SEM EDX to determine the composition of HA. Results were taken from one 

point so it could not be used as a benchmark of the ratio of Ca / P. Overall, there is an exception when it is 

a homogeneous sample. However, the EDX analysis showed that all samples have a ratio of Ca / P is 1.8 

that were not exactly 1.67, but still close to that value. The composition of Ca / P is less appropriate 

because the starting material used as a source of hydroxyapatite is not pure and there are other compounds 

especially carbonates (CO3) 2- which can be affected by the interaction of air with the sample during the 

synthesis process and time during the aging process. 

 

CONCLUSIONS 

The hydrothermal synthesis of nano-HA was hexagonal crystalline form with highest intensity 

average with XRD analysis is at 2θ angle i.e. 25.8980, 31.7890, 32.2160, 32.9220, 46.729o and 49.524o 

that were exactly with the data JCPDS No. 09-0432. The average particle size of the rods nano-HA crystals 

for the sintered was 47.59 nm and 32.53 nm for the unsintered sample. The HA samples which sintered at a 

temperature of 900oC and kept for 3 hours has the highest intensity of the diffraction peak and the average 

size of crystals lattice the nano-HA are 𝑎=9.424 Å, 𝑏=9.424 Å and 𝑐=6.879 Å. The result of EDX showed 

that the elements contained on the sample are C, O, P, and Ca which in accordance with the constituent 

elements of HA. However, the EDX analysis showed that all samples have a ratio of Ca / P is 1.8 that were 

not exactly 1.67, but still close to that value. 
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