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The aim of this paper was to obtain a hydroxyapatite powder by chemical co-precipitation process using calcium nitrate 
tetrahydrate and ammonium dihydrogen phosphate as starting reagents. Also, the results of thermal analysis, X-ray 
diffraction and scanning electron microscopy have been presented. DSC and DDSC analysis confirmed decomposition of 
nitrates from powders structure studied. X-ray diffraction reveals obtaining hydroxyapatite crystal size of 38nm, which will 
increase to 100 nm after thermal treatment at high temperature. Concerning the particle morphology, at low temperature, 
microparticles have an elongated (needle-like) aspect, which tends to become spherical after calcination at 1200

0
C. 
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1. Introduction  
 

Definition of the biomaterial given by the European 

Society for Biomaterials refers to any material used in a 

medical system capable of interacting with biological 

systems. This area of research is relatively new, appeared 

mainly after 1970. 

In the last decades implants made of ceramic 

hydroxyapatite, Ca10(PO4)6(OH)2, have attracted more and 

more attention as an alternative to materials used in 

applications for bone repair and regenerative surgery. This 

material is considered the most important bioactive 

ceramics widely used in applications that include coating 

of orthopedic prostheses, dental implants, applications in 

maxillofacial surgery, reconstruction and growth of bone 

tissue affected by various diseases [1-4]. 

Methods for the synthesis of hydroxyapatite are 

multiple. Chemical coprecipitation method is most 

prevalent [5-7], along with hydrothermal methods [8-9], 

sol - gel synthesis [10-11], microwave irradiation [12-13], 

solvothermal method [14], solid state synthesis [15-16] 

etc. Obtaining of hydroxyapatite characterized by a high 

degree of crystallinity and purity depends on a number of 

factors involved in the synthesis of this biomaterial. In the 

case of chemical co-precipitation methods, synthesis 

temperature,  pH of the reaction medium, starting 

materials (reagents) used or stirring speed of the reaction 

bath are parameters that leads to a product with optimal 

characteristics. 

Chemical reagents most used are Ca(OH)2, Ca(NO3)2, 

CaCl2, as calcium precursors and H3PO4, (NH4)2HPO4, 

Na2HPO4 as phosphate precursors. 

Regarding the synthesis conditions by chemical 

coprecipitation method, stoichiometric hydroxyapatite 

(Ca/P = 1.67) is obtained, where the synthesis temperature 

is in the range  of 25 - 75
0
C. Also, the pH of the bath 

shows high values (pH = 10-11) [17].  

At the same time, there was a decrease of the powder 

particles size obtained from 3-5 m to less than 1 m, with 

increasing of synthesis temperature. Also, it was found to 

obtain hydroxyapatite particles less than 100 nm, when the 

synthesis was carried out at room temprature, and the 

reaction medium was stirred for 24 hours [17-19]. 

Another factor influencing the synthesis of 

hydroxyapatite is the pH of the reaction bath. The stability 

of hydroxyapatite powders increases with pH values. It has 

been observed conversion of hydroxyapatite in tricalcium 

phosphate ( -Ca3(PO4)2), after heat treatment over 800
0
C, 

in the case of powders synthesized at pH=8. By increasing 

the pH values (pH =10–11), allowed to obtain a stable 

hydroxyapatite at temperatures up to 1000
0
C [7, 17, 20]. 

 

2. Experimental part 
 

2.1 Synthesis method 

 

For this paper was obtained a hydroxyapatite powder 

synthesized by chemical co-precipitation process using 

0.25 mol of calcium nitrate tetrahydrate and 0.15 mol of 

ammonium dihydrogen phosphate. After a method 

described in other papers [7, 21, 22]. 

The chemical reaction that describes this synthesis is 

presented below: 

10Ca(NO3)2∙4H2O + 6(NH4)2HPO4 + 8NH4OH → 

Ca10(PO4)6(OH)2 + 20NH4NO3 + 46H2O 

The precursors containing ions of calcium and 

phosphorus, respectively, 68.7wt% Ca(NO3)2∙4H2O  and 

23.2wt% (NH4)2HPO4 were dissolved in distilled water 

separately.  
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The solution containing ammonium hydrogen 

phosphate was added dropwise to the solution of calcium 

nitrate. The reaction bath was stirred intensely and the 

temperature therein was maintained at 60
0
C.  

In order to obtain a precipitated with optimal 

characteristics, the pH of the solution was maintained at 

values ranging from 9.5 to 10.5 during the reaction by the 

addition of ammonium hydroxide. 

The resulting gelatinous mixture was aged for 7 days 

at a temperature of 40°C, without stirring. The resulting 

precipitate was washed with deionized water. 

 In the next stage the precipitate filtration was 

performed using a Buchner funnel attached to a vacuum 

pump. The filtrate was dried for 24 hours at a temperature 

between 100 and 110°C. The resulting powder was ground 

in a mortar with pestle and calcined under 1200
0
C between 

3 and 10 hours, depending on the heat treatment applied. 

The method for obtaining hydroxyapatite powder 

according to the process technology described above is 

shown in Fig. 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 1. Flow chart diagram for obtaining 

 hydroxyapatite ceramic powder 

 

 

2.2. Sample characterization 

 

2.2.1 Thermal analysis 

 

Thermogravimetric analysis (TGA) and differential 

scanning calorimetry (DSC) for bioceramic powder 

studied in this paper was achieved by using a simultaneous 

TGA / DTA / DSC thermal analyzer Netzsch STA 449 F3 

JUPITER.  

The device performs thermal analysis on all types of 

materials including heterogeneous substances. The 

temperature is in the range: -150
0
C ... + 2000

0
C for a 

heating rate between 0.1
0
C / min and 50

0
C / min., cooling 

time between 1500
0
C and 50 

0
C is achieved in less than 30 

minutes. The unit works in inert atmosphere or reducing 

gases, oxidative, static or dynamic. 

 

2.2.2  X-ray diffraction analysis 

 

X-ray diffraction analysis for phosphocalcic powders 

synthesized in this work was carried out by using a Bruker 

AXS D8 Advance diffractometer. The device is equipped 

with a copper anode tube (CuK  = 1.5405 Å) and current 

parameters are: U = 40 kV and I = 30 mA. Scanning was 

performed in (2 ): 20 ° - 60 ° with a step of 0,04
0
 2 /s. 

 

2.2.3 Scanning electron microscopy (SEM) 

 

Morphological analysis of surface hydroxyapatite 

powders and other characteristics derived from this 

method of investigation was achieved by using a scanning 

electron microscope with field emission FE-SEM (Field 

Emission - Scanning Electron Microscope), Auriga model 

manufactured by Carl Zeiss. The device allows 

measurements to increasing order: 12X - 10
6
X, minimum 

resolution of 1 nm at 15 kV and 1.9 nm at 1 kV; 

accelerating voltage of 0.1 - 30 kV with steps of 10 V. 

 

 

3. Results and disscution 
 

3.1 Thermal analysis of hidroxyapatite powers 

 

In case of hydroxyapatite obtained by the method 

above described, TGA / DTA / DSC analyzes performed 

on raw powders shows a thermal behavior described by 

the graph in Figure 2. 

Thermogravimetric analysis (TG) shows a total 

weight loss of 6.37% in case of hydroxyapatite powder, 

after the heating cycle in the range of 25 
0
C – 1200 

0
C.  

Mass loss occurred in four stages: first form 25 
0
C  to 

500 
0
C, second between 500

0
C and 780 

0
C, third between 

780 
0
C and 990 

0
C and fourth from 990

0
C to 1200

0
C. In 

the first stage mass loss was 4.35%, it is associated 

phenomena of dehydration and loss of water adsorbed on 

the surface of hydroxyapatite powders [23]. 

This behavior is confirmed by derivative 

thermogravimetric analysis (DTG) by the presence of 

endothermic peak located at 127.7 
0
C.  

Ca(NO3)2·4H2O 
 

(0.25 mol) 

(NH4)2HPO4 
 

(0.15 mol) NH4OH 

Mixing 

t = 60
0
C/ pH=9.5 – 10.5 

Precipitation 

Aging of precipitate 

t = 40
0
C 

T = 168 h 

Washing and filtration of 

precipitate 

Drying 

t = 100- 105
0
C 

 T = 24 h 

Heat treatment 

t=200
0
C, T = 3 h 

t=1200
0
C, T = 10 h 

NH4OH 
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The last three stages of mass loss is relatively 

constant: 0.77% in the second stage, 0.57% in the third 

stage and 0.68% in the fourth stage.  The loss in mass in 

the last three stages can be associated with removal of the 

water chemically bound to the hydroxyapatite crystal 

structure, decomposition of some compounds such as 

ammonium nitrate (NH4NO3) resulting from the synthesis 

reaction and the loss of hydroxyl groups 

(dehydroxylation). 

Nitrate decomposition from hydroxyapatite structure 

is evidenced by peaks located 601.1 
0
C and 626.8 

0
C and 

highlighted by analyzes of differential scanning 

calorimetry (DSC) and differential scanning calorimetry 

derived (DDSC). 

 

 
 

 

Fig. 2.  Thermogravimetric analysis (TG) and calorimetric 

differential scanning (DSC) in the case of hydroxyapatite powders 

 

 

The peaks shown by the three DTG thermal analysis, 

DSC and DDSC at temperature in the range of 944 to 

966.9 
0
C can be related to the phenomenon of  

dehydroxylation of hydroxyapatite and formation of oxy - 

hydroxyapatite phenomenon commonly encountered at 

temperatures above 800 
0
C, and also mentioned in other 

papers [24]. The reaction of the loss of hydroxyl groups 

(OH) in the structure of hydroxyapatite is shown in next 

relation.  

OxHO)OH()PO(Ca)OH()PO(Ca 2xx22641026410
 

Decomposition and removing nitrates from 

hydroxyapatite structure is confirmed by X-ray diffraction 

analysis After heat treatments performed up to 1200
0
C, 

there was no evidence other secondary crystalline phases 

phosphocalcic powder structure analysis. 

 

3.2 XRD analysis 

X-ray diffraction spectrums of hydroxyapatite 

synthesized according to the process technology presented 

in Figure 1 and heat-treated at 200
0
C and 1200

0
C is shown 

in Figure 3. 

 Regarding the composition of crystalline phases, in 

case of powders heat treated at low temperature                                  

(t = 200 
0
C), can be observed the presence of 

hydroxyapatite as the only phase in the calcium phosphate 

structure analyzed. The most important peaks 

characteristic of hydroxyapatite, are those at the angle 2 : 

25.80, 31.72, 32.08, 32.84, 34.03, 49.43 according to the 

following interplanar spacings: 3.44 Ǻ, 2.81 Ǻ, 2.78 Ǻ, 

2.72 Ǻ, 2.63 Ǻ 1.84 Ǻ. 

The degree of crystallinity of the powders calculated 

in accordance with the method described in other papers 

was 65.8% [7]. The data regarding the average crystallite 

size is consistent with the results for the degree of 

crystallinity. In this case, was obtained an average 

crystallite size  = 38 nm. 

 After heat treatment applied to hydroxyapatite powder 

at 1200
0
C, the degree of crystallinity was found to increase 

at 95%. Synthesized material has maintained stability in 

terms of phase composition. The conversion of 

hydroxyapatite in other compounds, based on calcium and 

phosphorous, has not been highlighted, after heat 

treatment performed at a high temperature. This is also 

confirmed by X-ray diffraction analysis, where 

hydroxyapatite is the only phase identified. The main 
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diffraction peaks are located at: 25.88 2  (d = 3.43 Å), 

31.78 2  (d = 2.81 Å), 32.2 2  (d = 2.77 Å),  32.93 2               

(d = 2.71 Å), 34.06 2  (d = 2.63 Å), 39.82 2  (d = 2.26 Å), 

46.69 2  (d = 1.94 Å), 49.48 2  (d = 1.84 Å), 52.08 2                   

(d = 1.75 Å) in accordance with standard ICDD - PDF 2: 

00- 009 - 0432. Also, there has been found an increase of 

crystallite size at approx. 100 nm, after calcination of 

hydroxyapatite powders at 1200
0
C. 

 
Fig. 3. X-ray diffraction spectrum of synthesized hydroxyapatite powders  

heat treated at 2000C and 12000C 

 

3.3 Hydroxyapatite SEM analysis 

 

Fig. 4a shows the SEM micrograph of hydroxyapatite 

powder synthesized according to the technological process 

presented and thermal treated at 200
0
C. One can see the 

appearance of irregular powder particles and unevenness 

dimensions them. It is also obvious to the formation of 

clusters of particles, due to insufficient powder processing 

(crushing and grinding) in the subsequent stages of the 

synthesis. 

      

(a)                                                                                                            (b)  

Fig.  4. SEM micrograph of the hydroxyapatite powder heat treated at 2000C 

t = 12000C 

t = 2000C 
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In the case of hydroxyapatite powders analyzed at 

magnification of 20.000X  and resolution 1 m (Fig. 4b) 

can be seen elongated ceramic particles and their relatively 

uniform distribution. The morphology of these particles 

has been influenced by the conditions of synthesis, 

particularly synthesis temperature and the pH of the 

reaction bath. Thus, a low temperature, in range of 40 to 

60
0
C leads to formation of elongated (needle-like) 

particles. At the same time, obtaining of hydroxyapatite 

with needle-like shape is influenced by the presence of 

aqueous alkaline reaction medium. An increase of apatite 

crystallites preferentially on direction of c-axis is possible 

in conditions of pH = 9 - 11. 

 

       
                                           (a)                                                                                                   (b) 

 
                                     Fig.  5. SEM micrograph of the hydroxyapatite powder heat treated at 1200°C 

 

After heat treatment of hydroxyapatite powders at 

1200
0
C can be observed synthesis of well-crystallized 

particles (Fig. 5.a). This phenomenon has been confirmed 

by the X-ray diffraction analysis. Also can notice the 

tendency to agglomerate microparticles, a consequence of 

the change of the specific surface  area of powders, with 

increasing of heat treatment temperature. These issues are 

highlighted by SEM analysis (Fig. 5b) performed at 

magnification of 10,000 X and resolution of 2 m, where it 

is found obtaining of hydroxyapatite microparticles 

characterized by a high degree of packing, having variable 

dimensions, in some cases less than 1 m . Also, it can be 

seen a change in the morphology of ceramic micro 

particles with increasing of heat treatment temperature 

from 200
0
C to 1200

0
C, from an elongated (needle-like) in 

a hexagonal or rounded shapes. By increasing heat 

treatment temperature, specific surface area of powders 

will decrease, aspect highlighted by relatively smooth 

surface of  calcined micro particles and an increase of their 

relative large size. All these aspects presented are 

prerequisites to obtain products with optimum 

characteristics after pressing and sintering processes. 

 

 
4. Conclusions  

 

Hydroxyapatite powders was synthesized from the 

two reagents based on calcium and phosphorus, such as: 

calcium nitrate tetrahydrate and ammonium dihydrogen 

phosphate. Control of acidity / basicity in reaction bath 
was carried out by using ammonium hydroxide in a 

concentration of 25%.  

DSC and derived DSC analyzes (DDSC) showed 

decomposition of nitrate form hidroxiapatite powders 

structure analysis. In this regard were identified peaks 

located 601.1
0
C and 626.8

0
C. The possible formation of 

oxy - hydroxyapatite (Ca10 (PO4)6(OH)2-2xOx), a 

phenomenon associated with loss of hydroxy groups in 

hydroxyapatite structure was revealed in case of  powder 

analyzed, by the peaks located at 935
0
C, by DTG, DSC 

and DDSC analysis. 

Regarding the X-ray diffraction, it was found that 

hydroxyapatite is the only phase present in the raw powder 

structure analysis. The degree of crystallinity was 65.8%, 

and the crystallite size, 38 nm. After the heat treatment at 

high temperature, degree of crystallinity and crystallite 

size will increase to 95% respectively, at approx. 100nm.  
Thermal stability of the powders analyzed was 

confirmed by the same analysis, after calcination at 

1200
0
C. Thus, the presence of crystalline phases such as: 

calcium oxide,  - tricalcium phosphate,  - tricalcium 

phosphate or tetracalcium phosphate, has not been 

confirmed by  XRD analysis. 

Powders synthesized according to technological 

process shows specific morphologies. Thus, at low 

temperature, micro particles have an elongated (needle-

like) aspect due to conditions of synthesis, particularly 

synthesis temperature and the pH of the reaction bath. 

After heat treatment at high temperature can be observed 

well crystallized particles, characterized by a high degree 

of packing, having variable dimensions, in some cases less 

than 1 m . SEM analysis highlights a change regarding 

morphology of ceramic micro particles, from an elongated 

(needle-like) in hexagonal or rounded shapes. 
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