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ABSTRACT 

 

Hydroxyapatite (HA) is an inorganic bioceramic compound which is widely used in various 

biomedical applications, mostly in orthopaedics and dentistry due to its close similarity with 

inorganic mineral component of bone and teeth. This paper describes a simple sol-gel 

technique for synthesizing nanosized crystalline hydroxyapatite powder. For synthesis of HA 

powder, calcium nitrate tetrahydrate and di-ammonium hydrogen phosphate were used as 

calcium and phosphorous precursors respectively. The sintering of the product was done twice 

at two different temperatures 400°C and 750
o
C to improve its crystallinity. The final powder 

was characterized by X-ray diffraction (XRD), Fourier Transform Infrared Spectroscopy   

(FT-IR) and Field Emission Scanning electron microscopy (FESEM) equipped with Energy 

dispersive X-ray spectroscopy (EDS) techniques to reveal its phase content, various kinds of 

bonds present in it and its morphology. Thermal analysis (TG–DTA) was carried out to 

examine the thermal stability of the powder. 
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1. INTRODUCTION 

 

Biomaterials are a class of engineering materials which can be used in human body tissue 

replacements, reconstructions, and regenerations for long term serviceability without any 

hostile effect. Among the different classes of biomaterials, bioceramic is one of the promising 

classes of existing biomaterials used as human body implants. Few of the bioceramics have 

similarity with the mineral part of our bone. However, they do not match with the intricate 

structure of the bone. There are several calcium phosphate ceramics that are considered 

biocompatible. Of these, most are resorbable and will dissolve when exposed to physiological 

conditions [1]. Hydroxyapatite [Ca10(PO4)6(OH)2; abbreviated as HA] is an inorganic 

bioceramic compound which is widely used for various biomedical applications such as a 

bone substitute material in orthopedics and dentistry due to its excellent biocompatibility, 

bioactivity and osteoconduction properties [2]. Unlike the other calcium phosphate 

compounds, hydroxyapatite does not breakdown under physiological environments. In fact, it 
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is thermodynamically stable at physiological pH and actively participates in bone bonding, 

forming strong chemical bonds with surrounding bone [3, 4]. This property has been exploited 

for rapid bone repair after major trauma or surgery. However, HA ceramics cannot be used for 

heavy load bearing applications due to its poor mechanical properties [5], but general uses 

include bone graft substitution and coatings on load bearing metallic implants [5, 6] such as 

titanium, stainless steel and their alloys or composites with other materials [7]. Moreover, HA 

is also used for various non-medical applications such as gas sensors, packing media for 

column chromatography, catalysts etc. [8]. 

 

Hydroxyapatite can be synthesized using various techniques such as hydrothermal technique 

[9, 10], solid-state reaction [11], precipitation [12, 13], sol–gel [14, 15], sputtering [16], 

mechanochemical [17], mechanochemical–hydrothermal [18], microemulsion [19] and others. 

Differences in preparative routes lead to deviations in morphology, stoichiometry and level of 

crystallinity etc. 

 

Sol-gel technique for synthesizing HA bioceramics has attracted much attention in recent 

years [20 – 25] due to its numerous advantages over other techniques such as it offers 

homogeneous molecular-level mixing of calcium and phosphorus precursors and usually 

requires lower processing temperature to produce nanocrystalline powders [26]. The sol–gel 

technique can be used to synthesize HA powders or coatings by a comparatively easier route 

with a much better structural integrity [27]. It also has an added advantage that it needs fewer 

materials to synthesize HA as compared to other techniques.  It has been reported that HA 

ceramics synthesized by sol-gel process are able to improve the contact and stability at the 

artificial/natural bone interfaces in both, in vitro and in vivo environment [28].  

 

Accordingly, in the present work, a novel sol-gel technique for synthesizing nanosized 

crystalline HA powder using easily obtainable and comparatively cheaper raw material has 

been reported. Simplicity of experimental execution in this sol-gel technique is one of the 

most important advantages achieved by this technique.  

 

2. EXPERIMENTAL PROCEDURE 

 

2.1 Synthesis of Hydroxyapatite Powder  

 

For synthesis of HA powder, Calcium Nitrate Tetrahydrate  Ca(NO3)2.4H2O (Rankem) and  

di-ammonium hydrogen phosphate (NH4)2HPO4 (Rankem) were used as calcium and 

phosphorous precursors. 0.5 M Calcium Nitrate Tetrahydrate and 0.5 M di-ammonium 

hydrogen phosphate solutions in ethanol (Changshu Yangyuan Chemical) with a pH 10.5 

were prepared. Then the calcium containing precursor was added dropwise to phosphorous 

containing precursor while it was stirred vigorously at a constant temperature, 85
o
C. The 

resultant solution was continuously stirred at a constant pH 10 (pH was kept constant by 

adding Ca(OH)2 solution) and at a constant temperature of 85
o
C for 3 h so that a gel was 

obtained. The gel was cooled to room temperature and then, it was kept inside an electric 

oven at 85
o
C for 15 h. The product obtained was ground into fine powder using an agate 

mortar and pestle and then heat treated for 6 h at 400
o
C and again at 750

o
C. The whole 

procedure was as shown in the flow diagram (Fig.1). 
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Fig.1. Schematic flow process chart for the synthesis of HA 

 

2.2 Characterization of Synthesized Hydroxyapatite Powder 

 

The crystallographic phase composition of HA powder was determined by X-ray 

diffractometer (XRD) using a  (Bruker D8 Advance, Germany) diffractometer in reflection 

mode with Cu Kα (λ=1.5405 Å) radiation. The samples were examined in the 2Ө range from 

15
º
 to 80

º
 with a scanning speed of 1.5

º
/min.  

 

The presence of functional groups was confirmed by using Fourier transform infrared 

spectroscopy (Thermo Scientific Nicolet 6700 FTIR). The FT-IR spectra were obtained over 
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the region 400–4,000 cm
-1

. The sample was prepared as standard KBr pellet and the 

transmission technique was applied. The resolution of spectrometer was 4 cm
-1

. 

 

The surface morphology and microstructural features of as synthesized HA powder with 

elemental composition was studied and evaluated by Field Emission Scanning Electron 

Microscope (FE-SEM) (FEI Quanta 200F, Czech Republic) fitted with energy dispersive 

spectroscopy X-ray (EDS).  

 

Thermogravimetric analysis (TG) equipped with differential thermal analysis (DTA) of as 

synthesized HA powder was done with (Perkin Elmer Pyris Diamond) thermal analyzer in air 

atmosphere at a heating rate of 10
o
C/min up to 1200

o
C. 

 

3. RESULTS AND DISCUSSION 

 

3.1 X-Ray Diffraction Analysis 

 

An XRD spectra of the sol–gel synthesized HA powders has been shown in Fig. 2 where   

Fig. 2(a) is for sample sintered at 400°C and 2(b) is for sample again sintered at 750°C. It can 

be observed from the figure that the XRD analysis of the powders synthesized at 750°C 

resembles with standard HA powder spectra [24]. The effect of sintering temperature on the 

development of HA is quite visible from the Fig. 2 which shows that when sintering 

temperature was increased from 400°C to 750°C, it resulted in an increase in crystallinity of 

HA powder i.e. by this process, the width of the several peaks of XRD spectra belonging to 

HA becomes more narrow and intensity of these peaks increases, which proposes that there is 

an increase in the crystallinity of HA [25].  
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Fig.2. XRD spectra of the HA powder sintered at (a) 400°C and (b) 750°C 

3.2 FT-IR Analysis 

 

Fig. 3. FT-IR spectra of the HA powder sintered at 750°C  

The FT-IR spectra of as synthesized HA (i.e. sample sintered at 750°C) is shown in Fig. 3. 

The O-H stretching bonds are shown at 3644.49, 3570.94 and 2921.23 cm
-1

, which confirms 

the presence of HA powder [26]. A weak band (v3) of CO3
2- 

was detected at around 1650.40 

and 1415.80 cm
-1

. This band indicates the minor amount of carbonate substitution which 

confirms that the sol-gel derived HA powder is partially carbonated hydroxyapatite, as 

commonly observed in synthesis involving organic reagents. The peak at 725.67 cm
-1

 

corresponds to HPO4
2-

. The asymmetric bending mode (v4) of PO4
3-

 ion was detected at 

around 561.14 cm
-1

. The symmetrical stretching mode (v2) of PO4
3-

 ion was also found at 

around 492.83 cm
-1

.  

 

3.3 TG-DTA Analysis 

 

TG (Fig. 4) analysis shows that there is a weight loss of around 13% upto temperature 200
o
C 

and approximately 32% in the range 200
o
C to 560

o
C due to liberation of chemically bonded 

water & decomposition of carbonate from the sample. This major weight loss indicates the 

crystallization of HA powder from amorphous phase. Beyond 560
o
C to 1200

o
C, no significant 

weight loss was observed and almost stable curve was noticed within this temperature range, 

which confirms the thermal stability of HA powder. 
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In DTA curve, the initial rise and continuous fall thereafter (after 300
o
C) shows chemical 

changes occurring throughout the process of heat treatment. In DTA curve, there is an 

indication of sharp endothermic peak at 420
o
C with two other small peaks. 

 

 
Fig. 4. TG-DTA graph of the synthesized HA powder. 

3.4 SEM Analysis 

  
 

Fig. 5. SEM micrographs of synthesized HA powder sintered at 750
o
C temperature at           

(a) 100X (b) 20,000X 
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 The SEM images of as synthesized powder at 100X and 20,000 X magnifications has been 

shown in Fig. 5. The SEM image at 100X (Fig. 5(a)) shows that individual HA particle 

formed in angular shape. The SEM image at 20,000X (Fig. 5(b)) reveal that single particle of 

HA is made of agglomeration of nanosized grains. These grains may have been agglomerated 

due to the formation of gel during the synthesis process. It is very difficult to disperse all 

agglomerates even after rigorous stirring for hours.  Also, it can be seen that the powder 

obtained exhibits the morphology of dense sintered platelets with distributed pores in them. 

The formations of pores are advantageous, as they would permit the circulation of the 

physiological fluid throughout the coatings when it is used as a biomaterial. 

 

3.5 EDS Analysis 

 

 
 

Fig. 6. EDS analysis of HA powder sintered at 750
o
C  

 

From the EDS analysis (Fig. 6) of synthesized HA powder, it was revealed that  in the 

powder, the molar ratio of calcium and phosphate is 17.28/10.21 = 1.69 which is very close to 

the theoritical value of 1.67, which confirms that  the  synthesized powder must have HA 

properties and characteristics. 

 

4. CONCLUSION 

 
This technique provides a novel, economical and simple route to form pure, stable and nanosized 

crystalline HA powder which took place at 85
o
C at alkaline pH via an alcohol based sol–gel 

process. The presence of alcohol as a solvent provides thermal stability to HA powder. Also 

the process took place at lower temperature (750oC) as compared to other existing techniques 

where sintering temperature is usually more than 900OC to achieve all the above characteristics. 

The pores in the crystal planes of HA itself will help the material to achieve more 

biocompatibility and enables the circulation of physiological fluids through these pores. It was 

also observed that the crystallinity of the synthesized powder can further be improved by 

increasing the sintering temperature. Also, the nanosize of the HA powder makes them ideal 

bone replacement material.  
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