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Abstract. The development of research in the area of advanced materials and tissue 
engineering has increased greatly in recent years found that bioceramics are outstanding in the 
replacement and regeneration of bone tissue, mainly formed by the calcium phosphate 
ceramics. The objective of this research is to obtain the calcium phosphate where Ca/P = 1.67 
and 2.0, to observe the formation of phases after having subjected these materials to heat 
treatment. The calcium phosphate was produced by the wet method using a direct reaction of 
neutralization and characterized by X-ray diffraction (XRD), scanning electron microscopy 
(SEM) and X-ray microanalysis (EDS). The XRD results confirm the presence of 
hydroxyapatite phase in the sample with Ca/P = 1.67, whereas the phosphates prepared with 
Ca/P = 2.0 ratio show a combination of hydroxyapatite and phase β- tricalcium phosphate. The 
micrographs obtained are characteristic of ceramic material called calcium phosphate. EDS 
confirmed the presence of Ca, P and O in the material. 
 
Introduction 

Each year, new biomaterials are developed in order to offer additional treatment 
options for various diseases. As a result of this development, the concept of biomaterials has 
evolved, so that the vast majority of new biomaterials are used for tissue regeneration. The 
materiasl being classified as bioactive materials for tissue regeneration are capable of inducing 
the formation of healthy tissue in places where the natural repair would be impractical or 
difficult [1, 2, 3]. In bioscience, there are several apatites of different compositions. Apatites 
are found in bones and teeth of vertebrates with Ca / P ratio from 2.0 to 0.5 [4]. Ceramics 
based on calcium phosphate in the form of implants or porous materials, have proven to be 
suitable replacements for bone tissue when they are subjected to only minor mechanical stress. 
This material degrades forming other salts of calcium and phosphate and is widely used for 
filling bone cavities, such as cement. [5, 6] Regarding the acidic character, calcium phosphates 
with high Ca/P ratio precipitate in alkaline medium, whereas phosphates with lower Ca/P ratio 
precipitate in acid medium. The objective of this research is to obtain calcium phosphates with 
Ca/P = 1.67 and 2.0 ratio, and to observe the formation of phases after these materials having 
subjected to heat treatment. 
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Materials and Methods 
The raw materials used to obtain calcium phosphate powders with Ca/P 1.67 and 2.0 

were the reagents (p.a. quality) calcium hydroxide (Ca(OH)2) provided by Vetec and 
phosphoric acid (H3PO4) Analytical Reagents provided by Dynamic. 

To obtain the calcium phosphate powder with the Ca/P = 1.67 and 2.0, we carried out 
a wet process involving an acid-base reaction called neutralization of solutions of phosphoric 
acid and calcium hydroxide (all concentrations 3 mol /l). The acid solution was added to the 
alkaline solution, preheated to a temperature of ± 80 °C, under constant magnetic stirring. 
After complete addition of phosphoric acid solution, the product remains for a period of ± 50 
minutes under magnetic stirring at 100 °C, to achieve the desired viscosity. The obtained slime 
of calcium phosphate was put into an oven at 110 °C for 24 hours and afterwards sintered in a 
conventional oven at 900 ºC. Then, the dried material was passed through a 200 m  mesh and 
characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM) and X-ray 
microanalysis (EDS). 

The X-ray diffraction was performed in the laboratory for characterization of materials 
(UAEM/CCT/UFCG) and conducted at room temperature in an Shimadzu XRD-6000 unit at 
40 kV and 30 mA and a wavelength λ = CuKα 0.154 nm. The sample in powder form (# 200) 
was examined in a scanning range of 2θ between 10 and 70 degrees at a rate of 2 ° / min. 

The microstructural analyses of the surface topography were obtained topographic 
images by scanning electron microscopy. An XL-30 ESEM-Philips microscope was used 
located in the Laboratory for Institutional Scanning Electron Microscopy (LIMEV) UFRN. 

The Chemical analysis was performed on the equipment manufactured by Philips, XL-
30-ESEM, coupled with microanalysis system for x-ray detector of the type EDS, installed at 
the Laboratory Institutional Scanning Electron Microscopy (LIMEV) UFRN. 

 
Results and Discussion 

X-ray diffraction of was performed to identify the phases of calcium phosphate present 
in the samples prepared according to the stoichiometric ratios Ca/P = 1.67 and 2.0. The XRD 
presented in the figures below were compared with the standard data bank of JCPDS. In 
Figure 1 the XRD refers to the sample Ca/P =1.67 and Figure 2 the sample Ca/P =2.0. 
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Figure 1: XRD of sample Ca/P =1.67. 
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Figure 2: XDR of  sample Ca/P =2.0. 

 
The sample CA/P =1.67 (Figure 1) resulted in a combination of phases with 

predominant hydroxyapatite (HAp), (JCPDS: 9-342) and a peak characteristic of the phase β-
tricalcium phosphate (β -TCP) (JCPDS: 9-169). Ceramics containing this material have been 
used successfully in applications in vivo, because the pores formed during the preferential 
dissolution of β-TCP favors the formation of biological apatite [7]. In Figure 2 we obtained 
results similar to Figure 1 showing a less intense peak of β-tricalcium phosphate. The solution 
was prepared to obtain tetracalcium phosphate (Ca/P 2.0). 

The morphological characterization of the calcium phosphate powders was performed 
by scanning electron microscopy using of secondary electrons (SE). The chemical analysis by 
EDS is a technique based on X-ray fluorescence. The purpose of the X-ray detector, coupled 
to a scanning electron microscope, is to receive the greatest possible amount of X-rays that 
emerge from areas or volumes of the specimen bombarded by electrons and analyze their 
energy and wavelengths, to identify elements chemicals and its proportion in the sample. The 
Figures 3 and 4 below are a typical data set of scanned photomicrographs and EDS. 
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Figure 3: Micrographs of the sample Ca/P =1.67 (a) magnification 1000x, (b) magnification 
5000x and (c) EDS. 

 
This study showed clearly (Figure 3 (a) and (b)),an irregular morphology of nano-sized 

precipitated particles grouped in a cluster. In EDS (Figure 3 (c)), the characteristic peaks of 
Ca, P and O are present with the atomic percentages equal to 28.12 Ca, 21.35 P and 50.53 O, 
providing a mean relative ratio Ca/P= 1.32. This confirms the characterization by XRD 
because the results are close to the theoretical result of hydroxyapatite with ratio Ca/P =1.67 
and β-tricalcium phosphate Ca/P= 1.5. 

 

       
(a) (b) 

 
 
 
 
 
 
 
 
 
 
                                                            (c) 
Figure 4: Micrographs on the sample Ca/P =2.0 (a) magnification 1000x, (b) magnification 

5000x and (c) EDS. 

 

Ca 28,12% 
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Ca/P 1,32 

 

Ca  33,20% 
P   14,43% 
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Ca/P   2,30 
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The micrographs in Figure 4 show a morphology with fine particles (magnification 
1000x). With increase to 5000x (b), it is observed that the particles are clustered. EDS Figure 
4 (c) for the sample Ca/P= 2.0 confirms the presence of Ca, P and O and registered a 33.20 
percentage of Ca, 14.43 % P and 52.37% O. The atomic ratio Ca/P= 2.30 is far from the 
atomic ratio obtained by XRD. 

 
Conclusion 

The results presented in this study showed that the wet method to obtain ceramic 
powders and  heat treatment at 900 ° C yields to powdered calcium phosphate with 
predominant amount of hydroxyapatite and β-tricalcium phosphate for both Ca/P ratios (1.67 
and 2.0).  

The phases are obtained depending on the preparation of stoichiometric Ca/P solutions 
and the temperature. 
The micrographs for the samples prepared (Ca/P= 1.67 and 2.0) presented a mixture of phases 
resulting in particles with different morphologies.  
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