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Abstract  
Nanocrystalline hydroxyapatite (HAP) powder was synthesized by a non-alkoxide sol-gel method. The 
prepared powder was characterized with STA, X-ray diffraction, Zetasizer and SEM microscopy. The 
effect of aging for 24h and heating time at 550 °C on crystallity, crystallite and particle size were studied 
through XRD, zetasizer and SEM. Results showed that the powder obtained after heating at 550 °C for 6h 
was composed of pure HAP with the estimated crystallite size and particle size of 9.3 nm and 503.6 nm.  
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1. Introduction  

 Bone is a composite of an organic collagenous 
tissue and an inorganic phase which is mainly 
composed of hydroxyapatite Ca10(PO4)6(OH)2. 
Hydroxyapatite (HAP) is a calcium phosphate 
material with little bioresorbablity and therefore 
suitable for long term clinical applications [1]. For 
the synthesis of HAP, different techniques have 
been developed including mechanochemical [2], 
combustion preparation [3], co-precipitation [4], 
electrochemical deposition [5], hydrothermal 
synthesis [6], emulsion or micro-emulsion routes 
[7] and sol-gel process. The latter method is a new 
wet chemical route having significant advantages in 
comparison with the other methods. Increased 
homogeneity due to molecular mixing of the 
component ions, lower sintering temperatures 
resulted from small particle sizes and the ability of 
preparing thin bioactive films on hard tissue 
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implants are some of the advantages of this method 
[8]. In this research sol-gel method has been used to 
prepare HAP powder.  

2. Experimental 

The flow chart shown in figure1 illustrates the 
experimental procedure and the materials used in 
this study. Analytical grade calcium nitrate 
tetrahydrate Ca(NO3)2.4H2O was dissolved in 
medical grade ethanol (96%) to form a 1.67 M 
solution. Analytical grade phosphoric pentoxide 
P2O5 was also dissolved in the same alcohol to form 
a 0.5 M solution. The solutions were mixed to 
achieve the Ca/P ratio of 1.67. The color of the 
mixture changed to white as soon as the precursors 
were mixed whereas they were absolutely colorless 
before being mixed. The mixture was stirred at 
ambient temperature for 30 minutes and 
subsequently heated in water bath at  
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60 °C for 1 h. During heating the viscosity of the gel 
increased while its transparency decreased. The gel 
was then divided to two parts. The first part dried 
in an electric oven at 80°C for 24 h and the second 
part was aged in ambient temperature for 24 h and 
dried in the same way. The samples were next 
heated in an electric furnace at 550 °C for 1h and 6 
h. The produced powders were finally crushed with 
an agate mortar and pestle.  
 

 
 

Figure 1. the flow chart of the experimental procedure 
and the materials to synthesize HAP powder. 

To study the thermal behavior of the gel, the as-
dried gel was analyzed through thermogravimetric 
and differential thermal analyses (DTA/TG) using a 
PL1640 in air and with the heating rate of 10 °C/min 
up to 900oC. Phase characterization was studied 
with X-ray diffraction using Siemens D-500 with Cu 
Ka radiation (l=1.5405 °A) and the evaluation of the 
particle size was done with Malvern 3000 HSA 
Zetasizer using the wavelength of 633.0 nm at 
ambient temperature.  
 

 

 

Figure 2. differential thermal analysis/thermo 

gravimetric analysis of the 24 h aged dried gel. 

3. Results and discussion  

3.1 DTA/TG analyses   

Figure 2 shows the differential thermal 
analysis/thermos gravimetric analysis of the dried 

gel. The weight loss happened at ~200 C can be 
related to the evaporation of the crystalline water 
in Ca(NO3)2.4H2O. The differential thermal analysis 
also shows a broad endotherm at this temperature. 
The sharp endothermic reaction illustrated at about 
530 °C could be related to the removal of the –NO3 
groups [9]. Since no significant weight loss 
appeared above 530 °C, all the dried gels were 
heated at the same temperature i.e. 550 °C for 1 h 
and 6 h to compare the effect of heating time on the 
phase formation and crystallity.  
  

3.2 XRD Patterns  

Figure 3 shows the XRD patterns of the gel aged in 
ambient temperature for 24h and dried at 80 °C for 
24h show the presence of Ca(NO3)2.4H2O, P2O5 and 
a very small amount of HAP phases. In contrast the 
samples prepared in the same way and heated in 
the electric furnace at 550 °C for 1h and 6h show a 
pure HAP phase. Similar results have also been 
reported by Seok [11]. It can be seen that as the time 
of heating differs from 1h to 6h the intensity of HAP 
lines increases showing the increase of the 
crystallite degree whereas no new phase has been 
appeared.  
 

 

Figure 3. XRD patterns for the dried gel (a), and the 

powders heated at 550 °C for 1h (b) and 6h (c). 
 

 

Figure 4. XRD patterns of the samples heated for 6h 

at 550 °C with different aging times: 24 h (a) and not 

aged (b).  



M e d B i o T e c h  J .  2 0 1 9 ;  3 ( 4 ) :  1 3 1 - 1 3 4 |133 

Figure 4 illustrates the XRD patterns for two 
different aging times. Figure 4(a) is the pattern of 
the 24h aged gel heated for 6 h at 550 °C and figure 
4(b) relates to the one without aging but with the 
same heating conditions. The crystallite size can be 
estimated from broadening of XRD peaks using 
Scherer's formula [10].  

𝑡 =
0 ∙ 9λ

𝐵 cos 𝜃 (1) 

While t is the average grain size, l the wave length, 
B the diffraction peak width of the half maximum 
intensity and q is the Bragg diffraction angle. 
Through this method the crystallite sizes were 
estimated to be about 8.1 nm for the aged powder 
and about 9.3 nm for the powder without aging. 
According to the results of the XRD analysis and 
Scherer's estimation, it can be concluded that for 
aging periods in this study no significant change can 
take place in the crystallite size of the powder. TEM 
images reported by Feng [8] show that increasing 
the aging time from 4h to 48h increases the 
crystallite size from 10-15nm to 15-25 nm. Thus it 
seems that it could be better to use Scherer's 
estimation and direct observation via transmission 
electron microscopy simultaneously. 

Figure 5. the particle size distribution of the powder 
heated for 6h at 550 °C without aging. 

3.2 Particle size measurements 

 The zeta particle size distribution of the powder 
heated for 6h at 550 ∘C without aging and aged for 
24 h are shown in figure 5 and figure 6, 
respectively. Aging time has increased the mean 
size of the particles from 503.6 to 788.6 nm that 
can be related to its effect on the powder growth 
and agglomeration.  

Figure 6. the particle size distribution of the powder 

heated for 6h at 550 °C with the aging time of 24 h.  

5. Conclusion:

HAP is synthesized through heating the dried gel 
formed by mixing Ca10(PO4)6(OH)2 and P2O5 in 
ethanol medium. Heating the dried gel at 550 °C for 
1h causes the formation of pure nanocrystalline 
HAP and the increase of heating time to 6h 
increases the crystallity of the pure HAP phase. 
Aging the gel for 24 h causes no significant change 
in the crystallite size of the powder whereas it 
increases the mean size of the particles. Controlling 
the labratorial conditions, refluxing the 
precursures, modifying the mixing procedure, 
stirring time and speed and the amount of the gel 
can be effective on the repeatability and the results 
of the experiment. It seems that longer aging 
periods need to be studied to define its effect on the 
crystallite and particle size. Achieving pure 
nanocrystalline HAP in this study suggests that 
through coating titanium implants with HAP via sol-
gel, the oxidation of the substrate can be prevented 
due to low sintering temperatures.  
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