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Abstract: Apatitic calcium phosphates have a mineral phase close to that of bone and are commonly used as 

substitutes or fillers in bone surgery. Also, they are used for their excellent biocompatibility and bioactivity. The 

purpose of this study is to produce directly biphasic calcium phosphate (BCP) from calcium-deficient apatite 

(CDHA), by the hydrothermal process. The precursors used were calcium acetate (CH3COO)2 Ca, phosphoric acid 

(H3PO4) and triethylamine N (CH2CH3)3, the product was calcined at 900°C. The composition phase, morphology, 

particle size and the molecular structure of the product were studied using these techniques: X-Ray Diffraction 

techniques, Scanning Electron Microscopy (SEM), Transmission Electron Microscopy, Fourier Transforms 

Infrared spectroscopy (FT-IR ) to reveal its phase content, Inductively Coupled Plasma-Atomic Emission 

Spectrometers (ICP-AES), Thermogravimetric analysis, Thermo-Differentials (ATG / ATD). The results showed 

that the synthesized product is CDHA. It gives after calcination at 900°C, the biphasic calcium phosphate (a 

mixture of HA + β-TCP). The product is also found with a new percentage and high crystallinity and nanometric 

size. 
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1. Introduction 
  

 Dentistry and orthopedics are the two great poles that 

dominate the use of calcium phosphate. 

Hydroxyapatite (HA) and beta-tricalcium phosphate 

(β-TCP) are two of the major types of calcium 

phosphate that have been widely applied in medical 

fields 1,2,3. Due to their high biocompatibility, and 

similarity to the inorganic bone component and teeth 

in mammals 4,5. BCP material combines the 

physicochemical properties of two elements HA and 

β-TCP and gives a more efficient composite material 
6,7,8. Recently, BCPs have been recognized as the gold 

standard of bone substitutes in reconstructive bone 

surgery 9. These materials can be colonized by bone 

tissue, under osteogenic conditions, because of their 

close similarity in chemical composition to human 

bone 10,11. 

There are several methods of synthesis of calcium 

phosphates such as solid-state reaction, hydrothermal 

synthesis 12,13, co-precipitation 14, sol-gel method 
15,16,17, and spraying 18. 

Despite a large number of preparation procedures, 

only a few have been devoted to the synthesis of 

apatitic compounds with controlled morphology 19,20. 

The technique of hydrothermal synthesis for materials 

has been identified as an important technology for the 

synthesis of different ceramic material. Hydrothermal 

synthesis is a process that utilizes heterogeneous or 

aqueous phase reactions at high temperatures 

(T>25°C) and pressure (P> 100kPa) 21. 

The use of hydrothermal reactions for phosphate de 

calcium preparation gives the possibility to control the 

crystal face, pore structures, and its chemical 

composition 22; however, with hydrothermal 

treatment, the Ca/P ratio for precipitates improved 

with increasing pressure and temperature 23
. 

Therefore, the main objective of this work is to 

synthesize BCP with a new percentage by 

hydrothermal method.  

The structural characteristics of synthesized BCP will 

be analyzed by DRX, IR, MEB, ICP, ATG /ATD, to 

clarify the differences between these different 

components. 

 

2. Materials and methods 
 

2.1. Preparation of sample 

The hydrothermal synthesis was carried out by 

various chemical reagents: 
- The calcium acetate (CH3COO) 2Ca2 x H2O (Merck, 

Germany) heated at 200°C, for 72h and, then placed 

in a desiccator for cooling. 
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-Orthophosphoric acid H3PO4 85% (Merck, analytical 

quality, Germany). 

- Triethylamine N (CH 2CH3)3 (Riedel-de haen, 

purity: 99% analytical quality). 

-   H2O purified by Milli-Q (Millipore). 

Synthesis Protocol 

Anhydrous calcium acetate (CH3COO2)Ca(m=23.7 g) 

and orthophosphoric acid H3PO4 85% (m = 10.4 g) 

were rapidly mixed in a Teflon container containing 

40 ml of pure water with magnetic stirring the pH=5, 

the molar ratio of Ca /P was maintained at the 

stoichiometric value of HA (1.67). Triethylamine N 

(CH2CH3)3 was added dropwise to pH = 8, the mixture 

was stirred overnight, and then the Teflon vessel was 

placed in an autoclave with a volume of 100 ml,  

heated at temperature 200°C, for 72 hours, and then 

cooled to room temperature naturally. After that, the 

precipitates were filtered and washed with water and 

dried in a laboratory oven at 80°C overnight. 

 

2.2. Characterization Techniques 

X-ray diffraction analysis (XRD) 
2.2.1. The chemical composition and the degree of 

crystallization of the resulting powder were measured 

using the X-ray diffraction (XRD) method with Cu 

Kα radiation ((λ=1.54056 Å), and the Philips 

Analytical PW3050 / 60 XPERT-PRO (θ / θ) model 

differentiation analyzer.  The diffraction patterns were 

recorded in the range of [5, 90 °] to (2θ) in steps of 

0.067 °. The obtained spectra are compared with those 

of the Powder Diffraction File (PDF) of the 

International Center for Diffraction Data. 

 

2.2.2. Scanning electron microscopy 

The morphology of the powders is demonstrated by 

scanning electron microscopy using apparatus (SEM, 

JSM-5600, JEOL Ltd., Tokyo, Japan). 

 

2.2.3. Analysis by infrared spectrometry (FTIR) 
The infrared spectra of the powders are recorded in 

transmission between 400 and 4000 cm-1 at a 

resolution of 4 cm-1, using an FTIR (FT-IR, FT /  

JASCO Co., Tokyo, Japan), the samples were 

packaged as a dispersion in a pellet comprising 1% 

mixed powder and milled with 99% KBr. 

 

2.2.4. Chemical analysis 

 Analysis of Ca and P and the Ca/P molar ratio was 

determined by AES ICP inductively coupled plasma 

atomic emission spectrometry using the Optima 

2000DV-AE ICP instrument, PerkinElmer Japan Co., 

Ltd., Japan. 

 

2.2.5. ATG/ATD thermal analysis: The thermal 

analysis of synthesized powders was carried out using 

TG/DTA (DTG-60H SUMILTANEOU DTA-TG 

APPARATUS SHIMADZU", TA instruments) 

between room temperature to 900°C in argon at a 

heating rate of 10°Cmin−1. 

 

3. Results and Discussion 
 

3.1. X-ray diffraction patterns 

The XRD (Figure 1a) of the powder synthesized at 

200°C for 72 hours washed, dried at 80°C. Overnight 

and uncalcined, showed narrow peaks indicating good 

crystallization of the product. The position of all the 

peaks of the spectrum is consistent with the reported 

data (JCPDS 01-089-6439) corresponding to the 

phase of apatitic calcium phosphate, and no other 

impurities can be found.  
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Figure 1. (a) DRX spectrum of uncalcined powder at 900°C, (b) DRX spectrum of the same calcined powder at 

900°C for 3 hours 

 

Crystallinity: The size of the crystallites was 

determined from the Scherrer relation:  

𝐷 =
𝐾𝜆

𝛽. cos 𝜃
  

D: is the size of the crystallites, k: the shape constant 

(K = 0.9) 

 λ = 1.54 Å the wavelength of the X-rays (Cu Kα) 

 β: is the mid-height width of a line. 

The measurements were carried out on DRX peaks 

allowing calculation of D (size of the crystallites) 

along two perpendicular axes: along with the axis c 

according to the reflection (002) and perpendicular to 

the axis c according to the reflection (310). 

The values found showed that the crystallites of the 

uncalcined product have an elongated shape along the 

c axis (D (002) / D (310)> 1), whereas the crystallites 

of the calcined product have an almost spherical shape 

(002) / D (310) = 0.98 ≈ 1). 

(310)> 1), whereas the crystallites of the calcined 

product have an almost spherical shape (002) / D 

(310) = 0.98 ≈ 1). 

 

 

Table 1. Size of the crystallites of the powders before and after calcination at 900°C. 

 D(002) (nm) D(310) (nm) D(002)/ D(310) 

Powder before calcination 41 32 1,3 

Powder after calcination 41 42 0,98 ≈ 1 

 

3.2. Infrared spectroscopy 

FTIR spectroscopy was used to study the powders in 

the as-prepared state and the after heat treatment at 

900°C for 3 hours state to verify the results and also 

to quantify the effect of treatment on the different 

functional groups, such as hydroxyl and phosphate 

groups, of hydroxyapatite. Figure 2 (a, b) shows the 

FTIR spectra of as-prepared HA, respectively; the 

spectra of the prepared materials were found to be 

very similar. A two-bands of  OH 24,25,26,27,   A weak 

band at 3571 cm−1 is partially obscured by broadband 

between 2800–3500 cm−1, which is characteristic of 

moisture in the sample and a second band at                

634 cm-1.  The phosphate ν3 and ν1 bands were 

identified by three peaks (at 1094, 1032, and              

960 cm−1) and the ν4 band by two peaks (at 603 and 

563 cm−1). The carbonate ν3 band also was observed 

as peaks at (1384 cm-1) and the carbonate ν2 band as a 

single peak (at 875 cm−1). 
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Figure 2. (a) IR spectrum of the uncalcined powder 

 

 

Figure 2. (b) IR spectrum of the same powder calcined at 900°C for 3 h 

 
The FTIR spectra calcined at 900°Csamples showed 

several significant changes from the as-prepared 

samples (Figure 2 (b)).  

The broadband due to moisture in the sample 

disappeared, and the OH band in heat-treated samples 

appeared as a very sharp peak. The clear peaks that 

corresponded to carbonate (1384 and 875 cm−1) in the 

FTIR spectra of the as-prepared samples (Figure 2 (a)) 

disappeared in the heat-treated samples. The FTIR 

spectra of the heat-treated samples exhibited peaks at 

946 and 974 cm−1 attributed to PO4 of β-TCP 28,29 (iii) 

reduction of the intensity of the peak at 571 cm-1. In 

both IR spectra, a good resolution of the bands at 

about 563 cm-1 to   634 cm-1 30 was observed for both 

samples attesting good crystallinity of the non-

calcined products and calcined at 900°C. 

 

3.3. Scanning electron microscopy (SEM) 

The SEM micrographs are shown in Figure 3 (a, b) the 

product before calcination, showed that the needle-

shaped particles easily form an aggregated crystal. 

The product after calcination shows particles in 

circular or spherical form. The agglomerates were of 

an irregular shape with a size between 1.056 μm and 

2.18 μm. The form adopted after the treatment is a 

circular shape; our results are in agreement with those 

of the Landi team 31. 
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Figure 3. Scanning electron micrographs of the product synthesized at (a) Unicalcined sample, 200°C 

and (b) Calcined sample, 3h, 900°C 

 

3.4. Determination of Ca / P ratio 

The ICP-AES analysis showed that the molar ratio   

Ca/ P of the non-calcined product equal to 1.60. This 

value is between 1.5 and 1.67. It represents the molar 

ratios (Ca/P) of β-TCP and stoichiometric 

hydroxyapatite 32. The calcined product has a molar 

ratio Ca/P =1.7 higher than 1.67 that of the 

stoichiometric hydroxyapatite. 

The chemical content of Ca and P and the Ca/P molar 

ratio of the as-synthesized powders. 

 

 

Table 2. Chemical analysis determined by ICP-MS. 

 Ca (wt %) P (wt %) Ca/P 

E 37.3 17.97 1.6 

E* 39.70 18.05 1.7 

 

3.5. Thermogravimetric analysis and differential 

thermal analysis (ATG / ATD) 

The thermal behavior of the uncalcined product was 

investigated by ATD / ATG; the thermograms are 

shown in Figure 4 (a, b). The powder was heated from 

room temperature to 900°C under a stream of air with 

a rate of temperature rise equal to 10°C / min. 

Analysis of the ATG curve shows a total mass loss 

(expressed as a mass fraction) of about 5.5%, 

distributed over the following temperature ranges 

(Table 3). 

 

Table 3. Total mass loss (expressed as a mass fraction) of the product distributed in different temperature ranges. 

 A loss of mass 

in% by weight 

Origin of  H2O 

30°- 100° 1.40 H2O of physisorption 33,34 

100°-250° 0.66 H2O of physisorption + certain amount of chemisorption H2O 

250°- 300° 1.99 H2O of chemisorption 

300°- 680° 0.97 H2O of the condensation of HPO4 to  P2O7 

680°- 900° 0.47 H2O  of the reaction of  P2O7 with OH of hydroxyapatite 

 

The ATD curve; for powder was represented 

in   (Figure 4.b), indicates the thermal phenomena 

associated with the different mass losses of H2O. The 

first endothermic peak ranges from ambient 

temperature to 300°C corresponds to the departure of 

the water of physisorption. The second endothermic 

peak between 350 ° and 650 ° indicates the departure 

of water from the condensation of the HPO4 group 

into P2O7. The final endothermic peak between 650°C 

and 900°C shows a water outlet product of the thermal 

reaction between P2O7 and OH of hydroxyapatite.

 

a b 
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Figure 4. (a, b) ATG / ATD for sample E1 

 

Discussion 

The results of the various methods of characterization 

and analysis show that the synthetic product is 

calcium-deficient hydroxyapatite (CDHA), which is 

distinguished by a Ca/P ratio of 1.60 (1.50 <Ca/P 

<1.67) and confirmed by X-ray diffraction analysis 

and by the presence of HPO4 group observed by 

infrared spectroscopy at 875 cm-1. This is in 

agreement with the results of S. Raynaud et al. 35, who 

studied the influence of the Ca/P ratio on the synthesis 

of apatitic calcium phosphates. 

The heating at 900°C, for 3 hours of the synthesized 

product, results in the formation of a biphasic product 

composed of HA and β-TCP 36,37. The infrared shows 

the disappearance of the peak at 875 cm-1 

corresponding to the HPO4 group and the appearance 

of new peaks at 946 cm-1 and 974 cm-1 corresponding 

to the vibration of the PO4 group of  β. This last result 

conforms to the DRX spectrum of the stoichiometric 

hydroxyapatite and is verified by the Ca/P molar          

ratio = 1.7 determined by ICP-AES. ). 

The ATG / ATD thermal behavior of the synthesis 

product confirms the transformation of the CDHA in 

biphasic products (BCP). This transformation is 

manifested by the appearance of two characteristic 

endothermic phenomena. The first one being 

observed between 300°C and 680° C. with a 0.97% 

mass loss corresponding to the condensation of the 

HPO4 groups in P2O7 according to the reaction 38.  

2HPO4
-2                    P2O7

-4 + H2O 

The second between 700°C and 900°C. 

Corresponding to the thermal reaction between the  

P2O7 group and the hydroxyl group OH of the 

hydroxyapatite to form the PO4 groups of the β -TCP 

according to the reaction mechanism: 

P2O7
4- + 2OH                2PO4

3-   +H2O 

After calcination, our product undergoes heat 

transformation, which leads to the formation of 

stoichiometric hydroxyapatite and β-TCP 39 according 

to the reaction: 
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Ca10-x (HPO4) x (PO4)6-x (OH) 2 

                                                                             
(1-x) Ca10(PO4)6(OH)2+3xCa3 (PO4)2+xH2O 
 

The synthesis product has the chemical formula  

Ca(10-x) HPO4 (x) PO4 (6-x) OH (2-x) with 0 <x <1, the 

value of x has been estimated at x = the formalism 

applied by M. Vallet-Regi et al. The product has the 

formula 37: Ca9.96 (HPO4) 0.04 (PO4) 5.96 (OH) 0.96. 

The weight percentage of the biphasic mixture         

(HA + β-TCP) of the calcined product calcined at 

900°C. is determined by the relationship obtained by 

S. Raynaud et al. which gives the following values:% 

HA = 96% and % β-TCP = 4% This is in agreement 

with the result of S. Raynaud et al. 

 

4. Conclusion 
 

Nanoparticles of phosphate calcium biphasic of good 

purity, the form of a needle were successfully 

prepared directly by the hydrothermal method at 

200°C, for 72 hours from a reaction mixture 

composed of calcium acetate, phosphoric acid, and 

triethylamine. The synthesis product calcined at 

900°C for 3 hours leads to the formation of biphasic 

calcium phosphate (BCP) with high crystallinity and 

with a  new percentage 96 % HA and 4 %  β-TCP. 
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