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Abstract. Scientists of different areas research the bioceramics as new materials to 
substitute parts of the human body. The bioceramics of the calcium phosphate have the 
advantage present similar chemical composition to the structure of the bony apatite of 
the human skeleton. In this study, calcium phosphate powder was synthesized 
chemically using the solution of phosphorus pentoxide (P2O5) and calcium oxide (CaO) 
necessary for molar Ca/P =1.67. These works aim the study of different thermal 
treatments, physics and of the microstructure properties. For characterization the bony 
matrix were used the techniques of: X-ray diffraction (DRX); Scanning Electronic 
Microscopy (SEM) and Differential Scanning Calorimetry (DSC).  
 

1. INTRODUCION 
 

Calcium phosphate based bioceramics have received much attention as bone 
substitutes due to their chemical similarity to natural bone, their bioactivity and their 
biocompatibility. This class of biomaterials are promising applications in orthopedics, 
traumatology and ondontology [1]. These bioceramics may be used for attachment of 
implants in reconstruction of bone tissue and the controlled release of drugs in 
treatments ontological. [2,3,4]. The stability of the phases of calcium phosphate depend 
of the temperature, the pH and the Ca / P molar ratio [5]. The variation of the molar 
solubility of these bioceramics is a function of pH, which may inhibit or promote the 
release of Ca2 + ions to the biological environment or not [5]. The variation in 
composition and solubility distinct cause changes in stability in vivo of different 
polytypes of calcium phosphate, and there is an order of decreasing solubility of these 
biomaterials: ACP>TTCP>>α-TCP>>β-TCP>>HAp [5,6]. The synthesis method via 
aqueous involving dissolution-precipitation of CaO formation of calcium phosphate by 
the addition of phosphoric acid to obtain nanostructured powders of calcium phosphate, 
which subsequently by thermal treatment allows to obtain different polytypes of 
calcium phosphate [7,8]. This work aimed to optimize the synthesis process via 
aqueous, the dissolution-precipitation phase solid / liquid and characterization of 
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nanostructured powders of calcium phosphates and hydroxyapatite. The results 
presented are related to morphological characterization (SEM), mineralogical (XRD) 
and thermal behavior obtained by DSC and TG. 
 

2. MATERIALS AND METHODS 
 

The raw materials used for the synthesis consisted of phosphoric acid (P2O5) and 
calcium oxide powder (CaO) obtained from calcination at 900ºC for 2h of calcium 
carbonate (CaCO3). The calcium carbonate (with 99% of purity) was provided by 
CINÉTICA Reagentes e Soluções laboratory (control nº 14.918) and the phosphoric 
acid (with 98% of purity) was provided by Vetec laboratory (control nº 0801335). The 
synthesis of calcium phosphate powders was carried out via aqueous precipitation 
method, which is based on dissolution-precipitation involving a solid-liquid reaction 
between calcium oxide and phosphoric acid. The addition was carried out with a Ca/P 
molar ratio of 1.67. The synthesis was performed using deionized water. The aqueous 
solution was agitated mechanically and then the calcium oxide was poured slowly into 
the water. The solution was kept for 2h under mechanical agitation before the addition 
of phosphoric acid, which was dropped into the solution until to reach the Ca/P molar 
ratio of 1,67. The colloidal solution was kept under mechanical agitation for 24h for a 
better homogenization of the calcium phosphate precipitates. Afterward, the colloidal 
suspension was poured into a pear balloon and attached to a rotating evaporator to 
extract the solvent. As a result, an agglomerated white powder was obtained. This 
powder was desagglomerated, sieved through a 140 mesh sieve, calcinated at 900°C for 
2h, and treated at 1000°C for 1h and 1200°C for 1h  to study the crystals growth. 

XRD-6000 Shimadzu X-ray diffractometer (Japan) was used to identifier the phases 
formed. CuKα radiation source was used and the incidence beam scan was 2o/min. 
Diffraction angle range was between 5o and 80o, with a step increment of 0.02o and a 
count time of 0.6s. A NETZSCH - Júpiter STA 449 C was used for thermogravimetry 
(TG) and calorimetry (DSC) analyses. It was used 70ml/min of nitrogen as an inert gas 
and the samples were heated at 10ºC/min from room temperature up to 1400ºC. For this 
study, approximately 23mg of powder was used for each sample.Scanning electron 
microscopy (SEM) was used for morphological observations on calcium phosphate 
powders. The powders were deposited on a double-faced carbon scotch, which was 
attached on a polished aluminum alloy disc. All the samples were coated with a thin 
film of gold by sputtering (Bal-Tec, SCD 050 Sputter Coater) before SEM analyses in 
order to avoid accumulation of electron charge on surface. The ionic deposition was 
performed at 23°C, 40mA and 2KV during 120s, providing a film of approximately 
32nm in thickness. SEM analyses were performed using a Zeiss DSM 940A microscope 
(Germany) operating at 10kV.  
 

3. RESULTS AND DISCUSSIONS 
 
Evidences from XRD showed that the powders obtained from the rotating 

evaporator are composed of hydrated calcium phosphate poorly crystallized with the 
form of Ca3(PO4)2.H2O (JCPDS nº 18-0303), as it can be seen in Fig. 1.  
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Fig. 1: XRD patterns of calcium phosphate powder after drying in the rotating 

evaporator. 
 
It was found that the calcination at 900 ° for 2 hour leads to the formation of new 

phases composed of  β-tricalcium phosphate (β-TCP) with the form of β-Ca3(PO4)2 and 
with (0 2 1) as the main diffraction plane (JCPDS nº 9-016), and hydroxyapatite, 
Ca10(PO4)6(OH)2, with its (2 1 1) main diffraction plane (JCPDS nº 74-0565) (Fig. 2a).  

 
Fig. 2: XRD patterns of calcium phosphate powder after calcinations at 900° for 2h (a), 
XRD patterns of calcium phosphate powder after calcinations at and thermal treatment 
at 1000°C for 1h (b), and XRD patterns of calcium phosphate powder after calcinations 

at and thermal treatment at 1200°C for 1h (c). 
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The results of XRD patterns obtained of the thermal treatments at 1000°C for 1h, 
and 1200°C for 1h was found the same phases of β-tricalcium phosphate and 
hydroxyapatite for the powders obtained after calcination at 900°C for 2h and submitted 
to (Fig. 2b and Fig. 2c).  

 
Figure 3 illustrates representative curves of TG (a) and DSC (b) of the 

nanostructured powders after drying in the rotating evaporator. TG curves revealed a 
progressive mass loss from 25ºC up to approximately 780°C, totalizing about 13%. 

The DSC curve (b) displayed an endothermic peak at 80°C due to the water 
evaporation, without change in the powder structure. At approximately 461°C a small 
peak was found, which corresponds to a modification in the nanostructured powder. The 
exothermic peaks at 833°C and 1131°C correspond to the transformation of the 
hydroxyapatite and β-TCP phases, as it was evidenced by the XRD analyses. 

 
 

 
Fig. 3: TG and DSC curves obtained from the powder dried in the rotating evaporator. 

 

 Figures 4 and 5 are studies characterization morphological by SEM showing the 
morphology of the nanostructured powders before and after the treatments. The powder 
obtained from the rotating evaporator presented agglomerates formed by small 
nanometric particles (< 100nm) (Fig. 4a).  
For the powder calcinated at 900°C for 2h, it was observed a coalescence of the 
elementary crystals of calcium phosphate, as illustrated in Fig. 4b. 
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Fig. 4: SEM images illustrating the morphology of the powders after drying in the 

rotating evaporator (a), and after calcination at 900°C for 2h (b). 
 
 
 For the powders obtained from the thermal treatments (Fig. 5a and 5b), it was 
observed clearly that the temperature enhances the coalescence of the elementary 
crystals of calcium phosphate. The figure 5a there is considerable increase in grain, and 
in figure 5b already noted begin of the sintering, where we can be also observe a high 
porosity with interconnected pores. 
  
 
 

     
Fig. 5: SEM images illustrating the morphology of the powders after thermal treatments 

at 1000°C for 1h (a) and at 1200°C for 1h (b). 
 

4. CONCLUSION 
 

The powders of hydroxyapatite and β-calcium phosphate can innovate the 
biomedical and odontological procedures in the orthopedic, traumatology and 
odontology areas. These innovating biomaterials can enhance the regeneration and the 

4(a) 4(b) 

5(a) 5(b) 
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osseointegration process of hard tissues. They can also be used as a matrix for fixation 
of metallic implants, reconstitution of maxillofacial bone, restoration of teeth and for 
drugs release in the surrounding tissues. 
 The synthesis method allowed us to obtain nanostructured powders of calcium 
phosphate, formed by agglomerates of small particles. Hydroxyapatite and β-TCP were 
identified by XRD on the powders calcinated at 900ºC/2h and treated at 1000ºC/1h and 
treated at 1200ºC/1h. The DSC revealed a critical temperature of about 833°C and 
1131°C for the phase transformation of hydroxyapatite and for β-TCP transformation. 
The morphologic features revealed by SEM showed that the elementary crystals of 
calcium phosphate grow with the temperature. We can also observe a high porosity with 
interconnected pores. 
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