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Abstract 

This study focuses on the synthesis and characterization of hydroxyapatite (HAP) using the precipitation method, investigating the 

influence of reaction conditions and heat treatment on its properties. Firstly, X-ray diffraction (XRD) analysis was conducted on 

synthesized HAP-1, comparing its data to standard HAP. The superior performance of HAP-2 (pH 11) over HAP-1 (pH 10.26) 

made it the preferred choice for final composite production. The stability of the hexagonal-dipyramidal phase within HAP-2 was 

observed even at elevated temperatures up to 1200°C, implying exceptional thermal stability. Fourier-transform infrared (FTIR) 

analysis provided insights into the molecular composition of HAP-2. The results underscore the potential to tailor HAP properties 

for various applications by controlling synthesis conditions and heat treatment parameters. 
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1. Introduction  

A calcium phosphate substance known as hydroxyapatite (HAP) plays a crucial role in various biological and medical 

applications due to its unique properties and biocompatibility [1-4]. It is a major component of natural bone and teeth, 

imparting structural integrity and strength to these tissues. Owing to its remarkable biocompatibility, HAP has found 

extensive use in biomaterials, tissue engineering, and medical implants [5-8]. Normally HAP is a family of calcium 

phosphate compounds and is a mineral constituent of bone. It is the hexagonal crystal structure of hydroxyapatite 

(HAP) in which calcium cations (Ca2+) and phosphate anions (PO4
3-) are settled around the pole of monovalent 

hydroxide anions [9] and pure HAP powder is white in color but naturally occurring apatite has different colors such 

as brown, yellow, etc. due to the incorporation of the various metal ions into the HAP crystal lattice [10].  

In this research, we focus on the production, thorough identification, and investigation of HA powder. The synthesis 

methods may include precipitation, hydrothermal synthesis, sol-gel techniques, or other approaches, each with the 

potential to yield distinct HA properties. Furthermore, this research aims to explore the potential applications of the 

synthesized HA powder in areas such as bone regeneration, dental materials, drug delivery carriers, and bioactive 

coatings. By tailoring the synthesis parameters, we can potentially optimize the properties of HA powder to meet the 

specific requirements of these applications. 
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2. Sample preparation 

2.1    Sample collection 

Sodium hydroxide [NaOH], ammonium dihydrogen phosphate [NH4H2PO4], and calcium nitrate tetrahydrate [Ca 

(NO3)2+4H2O] were acquired from Merck, India. 

 

 

 

 

 

 

Fig. 1: (a) Calcium nitrate tetra-hydrate [Ca (NO3)2+4H2O] powder, (b)Ammonium dihydrogen phosphate (NH4H2PO4) powder, 

(c) Sodium hydroxide (NaOH) pellets 

2.2 Preparation of Nano-sized HAP powder 

Various techniques have been employed to synthesize hydroxyapatite (HAP), including the precipitation method [11-

12]. In this method following process are required to prepare nanosized HAP powder. High-quality starting materials 

are chosen as precursors. These often include calcium sources (e.g., calcium nitrate, calcium chloride) and phosphate 

sources (e.g., ammonium dihydrogen phosphate) that provide the necessary ions for HAP formation. The precursors 

are dissolved in appropriate solvents, such as water or alcohol, to create a homogeneous solution. The molar ratio of 

calcium to phosphate is carefully controlled to promote the formation of HAP. 

 

 

 

 

 

 

 

Fig. 2: The schematic diagram of HAP preparation. 

The pH of the solution is adjusted to a specific range, usually slightly basic, to create favorable conditions for the 

nucleation and growth of HAP nanoparticles. The solution is heated or mixed under controlled conditions to initiate 

nucleation, where small clusters of HAP particles begin to form. As the process continues, these clusters grow into 
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nanosized HAP crystals. Techniques like hydrothermal synthesis or sol-gel methods are often employed to promote 

controlled nucleation and growth. Surfactants or stabilizing agents may be added to prevent particle agglomeration 

during the synthesis. After the desired particle size is achieved, the resulting nanosized HAP particles are separated 

from the solution through filtration or centrifugation. They are then thoroughly washed to remove any residual reagents 

or byproducts. 

The washed nanosized HAP particles are carefully dried and subjected to calcination, which involves heating at 

elevated temperatures. This step aids in removing any remaining solvent and organic components while promoting 

crystal growth and crystallinity. 

2.3    HAP synthesis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Experimental flow diagram of HAP synthesis. 

By using the chemical precipitation technique hydroxyapatite (HAP) was created. Here, agents for pH changes 

included a NaOH solution. In order to create 1M and 0.5M aqueous solutions, [Ca(NO3)2+4H2O] and NH4H2PO4 were 

first dissolved and forcefully agitated in distilled water. The [Ca(NO3)2+4H2O] solution was continuously stirred at 

room temperature as drops of the NH4H2PO4 aqueous solution were gently added. Following that, the pH was raised 

to 11 using the solution of sodium hydroxide (NaOH). The subsequent response provides an explanation for this: 

10Ca (NO3)2·4H2O + 6NH4H2PO4 +8NaOH → Ca10 (PO4)6(OH) 2 +20NaNO3 +20H2O 

The resultant solution was then agitated for the following at room temperature for 4 hours. After a whole day of aging 

before precipitation, the solution was filtered. Using pure water, the precipitated HAP was then repeatedly centrifuged 

for a half-hour at a speed of 12000 rpm. The resultant precipitate was dried at 40 to 55℃ before being calcined for an 

hour at 100, 450, 900, and 1200℃.                
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3. Result and discussion 

3.1 . XRD data investigation 

3.1.1    XRD study of HAP-1 and HAP-2 

Figure 4 presents the XRD pattern of the produced HAP-1, and its data in Table 1 were compared to standard HAP 

data. The comparison revealed a strong resemblance between the synthesized HAP and the established HAP standard 

(Reference code: 01-086-0740), both in terms of d-spacing values and peak intensities. Notably, no impurity peaks 

were detected in the XRD pattern, affirming the dominance of the inorganic HAP phase. This outcome was consistent 

with a previous report [13]. The XRD analysis of HAP-1 powder disclosed a splitting of the Bragg peaks at (211) and 

(112), which satisfied Bragg's law through the simultaneous contact of the K vector with Ewald's sphere. Upon 

scrutinizing the XRD patterns of HAP-1 and HAP-2 samples, a key observation emerged: when the reaction pH fell 

below 10.30, the synthetic powder's XRD patterns diverged from standard hydroxyapatite patterns. Evidently, the pH 

of the reaction suspension played a pivotal role in determining HAP stability. Suboptimal pH levels (below 10.30) led 

to diminished crystallinity, as illustrated in Figure 4, while higher pH values promoted enhanced crystallinity. In light 

of chemical stability concerns, a higher pH was favored for HAP synthesis. HAP-2, which possessed a pH of 11, 

exhibited remarkable conformity to the common HAP powder (Ref. The Pattern: Hydroxyapatite, 01-086-0740), 

making it the preferred choice for the final composite production over HAP-1, which had a pH of 10.26. 

Table 1: Comparison of XRD analysis among Standard HAP, HAP-1, and HAP-2 
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Fig. 4. The XRD pattern of synthesized HAP-1 and HAP-2. 

3.1.2 XRD studies of HAP-2 powder heated at different temperatures   

 We examined the impact of heat treatment on phase changes and nano-crystallization in hydroxyapatite powder 

synthesized via the precipitation method. In Figure 5, we showcased the XRD pattern of hydroxyapatite powders 

(HAP-2) at various temperatures. The XRD phase analysis was based on the reference code Hydroxyapatite: 01-084-

0740. It was evident that as the temperature increased, the peaks in the XRD patterns became sharper, indicating 

higher crystallinity at elevated temperatures.  

 

 

 

 

 

 

 

 

Fig. 5: XRD pattern of HAP-2 powder heated at different temperatures; (a) Room temperatures, (b) 450oC, (c) 900oC, (d) 

1200oC. 

The presence of broad XRD lines indicated the nano-crystalline nature of the material. Initially, HAP-2 exhibited a 

stable hexagonal-dipyramidal phase at room temperature. Upon subjecting the sample to increasing temperatures, 

ranging from 100°C to 1200°C (with a 1-hour ) were observed within the HAP-2 powder particles. Importantly, the 

hexagonal-dipyramidal phase remained unchanged up to 1200°C, without undergoing any phase transformation. At 

room temperature, the XRD peaks of HAP-2 showed limited resolution and intensity.Upon heat treatment at 450°C 

and 900°C, the XRD pattern of HAP-2 exhibited heightened intensity corresponding to planes around (211), (002), 
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(301), (222), and (213). However, no crystalline phase other than HAP was detected. This outcome concurred with 

the findings of Nazari et al. in 2014[13]. Notably, the XRD patterns of HAP-2 powders displayed a splitting of the 

Bragg peaks at (211) and (112), aligning with Bragg's law where the K vector intersects Ewald's sphere 

simultaneously.At temperatures of 1200°C, no new crystalline phases were observed in the HAP-2 sample.  

3.2   FTIR analysis 

3.2.1   FTIR absorption studies, sample HAP-2 

 We synthesized HAP-2 by employing calcium nitrate tetrahydrate [Ca (NO3)2•4H2O] from Merck, Germany, and 

diammonium phosphate [NH4H2PO4] from Loba Chemie, India, as precursors, maintaining a Ca/P ratio of 1.67. Two 

variations of hydroxyapatite, namely HAP-1 and HAP-2, were obtained based on different reaction pH values. 

However, for the final composite preparation, HAP-2 was utilized. The reaction pH during synthesis was set at 11. In 

Figure 6, we present the FTIR spectrum of the HAP-2 sample. 

The appearance of broad bands at wave numbers 876 cm-1 and 1442 cm-1 indicates the incorporation of carbonate ions 

[14]. The carbonate-related bands are broad, encompassing contributions from surface carbonate ions, as seen in the 

literature for various HAP samples. We also detected two IR bands at approximately 2333 cm-1 and 2360 cm-1, 

attributed to soluble CO2 (g) within the ceramic material, although these are not shown in Figure 6. Broad bands 

observed at 1646 cm-1 and 3418 cm-1 signify the presence of adsorbed water in the material. Characteristic bands for 

the PO4
3- ion are evident at 564 cm-1, 612 cm-1, and 1064 cm-1. Notably, the v3 band at 1039 cm-1 is particularly intense, 

while the v2 band at 612 cm-1 is of medium intensity [15]. The bands spanning 900 cm-1 to 1200 cm-1 correspond to 

the stretching mode of the PO4 group. The well-defined peaks at 564 cm-1 (v4 band) and 612 cm-1 correspond to the 

bending vibration of PO4 in hydroxyapatite [16].  

 

 

 

 

 

 

 

                                                            Fig. 6: FTIR spectrum of HAP-2 powder 

3.2.2     FTIR absorption of HAP-2 sample at different temperatures 

Here we see that at high temperatures, absorbed water molecules were vapored from the sample HAP-2. There were 

no peaks which are diminished at high temperatures, only the peak intensity of functional groups was decreased. So 

it was implied that at high temperatures, the crystallization and purity of the HAP-2 sample were increased [17-18]. 
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Fig. 7: Shows the FTIR spectrum of the HAP-2 sample at (a) room temperature (b) 450oC (c) 900oC and (d) 1200oC. 

Conclusions 

HAP samples were synthesized by using calcium nitrate tetra-hydrate and ammonium di-hydrogen phosphate 

precursor chemicals at pH value 11. Initially, the XRD patterns of the synthesized HAP-1 were compared to standard 

HAP data, revealing a strong similarity in d-spacing values and peak intensities. The absence of impurity peaks 

corroborated the dominance of the inorganic HAP phase, consistent with previous research. Further XRD analysis of 

HAP-1 uncovered a notable splitting of Bragg peaks at (211) and (112), demonstrating compliance with Bragg's law 

through the simultaneous intersection of the K vector and Ewald's sphere. A pivotal role of reaction pH in influencing 

HAP stability was evident, where pH values below 10.30 led to decreased crystallinity, while higher pH values 

facilitated enhanced crystallinity. Consequently, a higher pH was favored for HAP synthesis, with HAP-2 (pH 11) 

selected for the production of final composites. Upon subjecting HAP-2 to heat treatment, XRD patterns revealed 

increased crystallinity as the temperature rose, with broad lines indicating a nano-crystalline nature. The stability of 

the hexagonal-dipyramidal phase within HAP-2 was confirmed, as it persisted even at elevated temperatures up to 

1200°C. The impact of temperature on crystallinity and phase transformation was elucidated, emphasizing the critical 

role of heat treatment in enhancing material properties.FTIR analysis of HAP-2 unveiled insightful information about 

its molecular composition. The results highlight the potential of controlled synthesis and heat treatment in tailoring 

the crystallinity and phase composition of HAP for various applications. 
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