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Abstract: Hydroxyapatite (Ca10 (PO4)6 (OH)2, HAP) is widely used as a bone graft substitute, potential carriers of drugs and in 
the purification of proteins, et could be synthesized artificially by various methods but the hydrothermal method at low 
temperature, which gives a good crystallinity, is often used. Moreover, several studies have shown that, in the synthesis of 
calcium phosphate, the nature of the final product may differ depending on the experimental conditions including the value of the 
initial Ca / P ratio, the nature of the calcium salts used and influence of the residence time of the initial products used in 
experimental conditions. Thus, in this work, while maintaining the initial Ca / P ratio to a fixed value (1,00 ± 0,01), we followed 
the behavior of two initial mixtures of a calcium salt and one of two other phosphate salts (di-ammonium hydrogen phosphate 
and di-ammonium hydrogen phosphate) as a function of residence time in an autoclave at a temperature of 80 °C in a saturated 
water vapor environment. The characteristics of the final product were carried out by four methods: X-ray diffraction, infrared 
absorption spectroscopy in the range 400 cm-1 _ 4000 cm-1, chemical analysis, and scanning electron microscopy. The XRD 
analysis has shown that the products obtained have all an apatite structure. They show the presence, alongside that of apatite, the 
identifiable stripes of the calcite for the residence times in the experience that are less than 48 hours. Similarly, the infrared 
absorption spectroscopy for short residence times ranging from 2 hours to 8 am always have shown the presence of the bands 
specific to the CO32- ions which are fit for calcite and which decrease by increasing the residence time. Beyond this time, in the 
two experimental conditions, we note the total disappearance of these bands after 48 hours. Beyond 48 hours, by chemical 
analysis the atomic ratio Ca / P remains practically constant and equal to 1.60 ± 0.01 for salts (NH4) H2PO4 and 1.58 ± 0.01 
synthesized from the salts (NH4) H2PO4 within experimental error. Also, the SEM photographs have shown the presence of a 
phase formed of a needle agglomerate. 
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1. Introduction 

The hydroxyapatite (Ca 10 (PO 4) 6 (OH) 2, HAP) is the main 
constituent of human bone. By its excellent biocompatibility 
and its bone conductivity, this artificially synthesized 
compound, is widely used as a bone graft substitute, a 
potential holder of drugs, and in the purification of proteins 
[1-4]. For its synthesis, many methods have been developed. 
But, the hydrothermal method at low temperature, that gives 
good crystallinity, is often used [5,6]. 

However, the physicochemical characteristics of the 
calcium phosphate primarily depend to their Ca / P molar ratio, 
which is in turn directly related to the selected conditions 

during the synthesis process. Thus, several studies have 
investigated the influence of some synthesis parameters on the 
stoichiometry of calcium phosphate, including the atomic 
ratio [7-10]. Other studies have addressed the influence of the 
nature of the calcium salt [11] or the influence of residence 
time on the synthesis of calcium phosphate [12]. The results of 
these studies have shown that the nature of the final product 
may differ depending on the experimental conditions. Thus, to 
promote the formation of non-stoichiometric phosphate 
apatite calcium, it seemed interesting to study the influence of 
the nature of the phosphate salts on the synthesis of calcium 
phosphates by hydrothermal while maintaining the initial 
atomic ratio of calcium to phosphorus Ca / P constant. Thus, to 
promote the formation of a non-stoichiometric apatitic 
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calcium phosphate, it seemed interesting to study the 
influence of the nature of the phosphate salts on the synthesis 
of calcium phosphates by hydrothermal while maintaining the 
initial atomic ratio of calcium to phosphorus Ca / P constant. 
We followed the behavior of two initial mixtures of calcium 
salt and one of two other phosphate salts as a function of time 
in an autoclave at a temperature of 80 ° C (T <100 ° C) in a 
medium and saturated with water vapor (100% moisture) [12]. 
The calcium salt that we used in this study is the calcium 
carbonate CaCO3 (Prolabo), and our choice of the phosphate 
salt is attached to two salts, the di-ammonium hydrogen 
phosphate   (NH4) 2HPO4 ammonium di-hydrogen (NH4) 
H2PO4 (Prolabo). Initial mixtures having an atomic Ca / P 
ratios equal to the initial 0.01 ± 1.00 were homogenised by 
grinding, then placed in a wet atmosphere and were followed 
in function of time ranging from 2 hours to 21 days. 

2. Experimental Methods 

Both powder mixtures of different salts of phosphates, 
having a initial atomic ratio Ca / P equal to 1.00 ± 0.01 were 
homogenized by milling and then placed in an autoclave under 
a wet atmosphere. 

The device used to study the behavior in a wet atmosphere 
of mixtures of salts of calcium and phosphate (Figure-1) 
consists of a reactor placed in a chamber at 80 °C and in 100% 
humidity. The reactor contains water to saturate the 
atmosphere. 27.36 ± 0.01 mg of the powder was spread in 
watch glasses and placed in the reactor for times ranging from 
several hours to several days. After the fixed residence time, 
the samples were removed from the chamber and dried during 
1 hour at the selected temperature for the study. This 
precaution was taken to prevent any further development of 
the product due to the presence of adsorbed water on the 
surface. Then the samples were twice washed on sintered glass 
with distilled water and three times with a water-ethanol 
solution (50/50 by volume) then dried in an oven for 4 hours. 
The products recovered under these conditions were calcined 
at 900 °C in air for two hours. 

 80°C 

TH (%) 

T (°C) 
Pregnant 

Sample holder 

Deionised water 

Probe 

 

Figure 1. Experimental device. 

To determine the evolution of the chemical characteristics 
of the products nitiaux with time, samples recovered after 
washing were characterized by X-ray diffraction using a 
diffractometer "XPERT-PRO" (λ= 1.54439 Å Cobalt ), and by 
infrared absorption spectroscopy which was carried out in the 
range 400 cm-1 _ 4000 cm-1 with a Bruker spectrometer. In IR 
analysis, approximately 1 mg of the powders was thoroughly 

milled with 200 mg of potassium bromide powder KBr in an 
agatat mortar. So, transparent pellets were obtained at a 
pressure of 15 mbar. 

The examinations of the recovered powders after their 
washing by scanning electron microscopy (SEM) were 
performed on a microscope allowing a high-resolution 
observation; it is equipped with a complete system of X-ray 
microanalysis (EDX-EDAX detector), and it gives the 
chemical composition of the sample with a detection limit up 
to Bore. 

The calcium was assayed in return. The complexing agent is 
EDTA in the presence of ammonia. The excess of EDTA used 
is then metered with a solution of ZnCl2. 

In the studied solids, the phosphate occurs in the form of 
HPO4

2- and PO4
3- group. It was assayed colorimetrically at 

460 nm. The principle of this method is to measure the optical 
density of the yellow color of the complex vanadomolybdic 
phosphorus in acid medium. 

The hydrogenphosphate HPO4
2- ions were measured after 

treatment of the samples at 600 °C for 20 minutes. During this 
heating the HPO4

2- ions condense to give pyrophosphate ion 
P2O7

4- according to the following reaction: 

2 HPO4
2- � P2O7

4- + H2O 

The orthophosphate ions of the product heated were 
measured after hydrolysis in acid medium at 100 ° C for 1 hour. 
The amount of phosphorus in the form of HPO4

2- ions was 
determined by the difference between the amounts of 
phosphorus measured before and after hydrolysis [13]. 

3. Results 

3.1. Analysis of the Products by Infrared Spectroscopy 

The infrared absorption spectra of mixtures of various salts 
of phosphate treated in a wet atmosphere as a function of 
residence time at 80 °C are shown in Figure-2 and Figure-3. 
These spectra show the easily identifiable bands from their 
wave numbers. 

For short residence times in the experience conditions 
ranging from 2 hours to 8 hours (curve a and b, Fig 2et3), 
2cific to the calcite, located at 712 cm-1 , 1420 cm-1 and 1480 
cm-1 [14]. Moreover, beside those of calcite, bands located at 
474 cm-1, 571 cm-1, 602 cm-1, 960 cm-1, 1046 cm-1 and 1088 
cm-1 and 875 cm-1 appear.  Respectively these bands are 
characteristic of the groups HPO4

2- and PO4
3-, in a 

non-stoichiometric apatite [15].  
The total disappearance of the bands of calcite is observed 

for a residence time of 48 hours (curves c, fig. 2 and 3). 
Beyond this time, the infrared absorption spectra are similar to 
those of a phosphate of apatitic calcium which is deficient in 
calcium ions. 

Indeed, in both experimental conditions, the spectra reveal 
further the decrease according to the time of the residence of 
the intensity of bands HPO4

2- ions and the progressive increase 
of the characteristics bands of OH- ions located at 3560 cm-1 
and 630 cm-1. These last are most notable for the synthesized 
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powders from salts (NH4) 2HPO4 and (NH4) H2PO4. 
These results therefore show an evolution, according to 

theresidence time in the experience conditions, and of the 
composition, of the initial powder mixtures under wet 
atmosphere, to a apatite more steochiometrique. 

Furthermore, the spectra of absorption of the samples of 
various phosphate salts treated in a wet atmosphere for 21 
days, then calcined at 900 ° C (curves E, fig 2 and 3) spectra 
showed the presence of characteristic bands, respective of the 
groups PO4

3- OH- and phosphate in hydroxyapatite, and those 
located 985 cm-1, specific of PO4

3- ions of the β-tricalcium 
phosphate [15]. 
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Figure 2. Infrared absorption spectra of the samples synthesized from salts 

(NH4)H2PO4 treated in a wet atmosphere depending on residence time (a) 2 h, 

(b) 8 am, (c) 48 hours, (d) 21 d and (e) 21 d at900 °C. 

 

Figure 3. Infrared absorption spectra of the samples synthesized from salts 

(NH4)2HPO4 treated in a wet atmosphere depending on residence time (a) 2 h, 

(b) 8 am, (c) 48 hours, (d) 21 d and (e) 21 d at900 °C. 

3.2. Analysis of the Experience Products by X-ray 

Diffraction 

Diagrams of X-ray analysis of the samples recovered from 
different salts of phosphate after treatment in the conditions 
described above, initial atomic ratio of calcium to phosphorus 
Ca / P equal to 1.00 ± 0,01sont given in figure-4 and 
figure-5.The X-ray diffraction analysis led to the same results 
as those previously disclosed by infrared spectroscopy. From 
2 hours of the residence time, we have found a mixture of 
calcite and apatite poorly crystallized [16-17]. The calcite was 
identified mainly by the presence of the diffraction line at d104 
= 3,035Å. 

When the residence time increases, the apatite phase 
becomes dominant and, in the final only this phase is observed. 
Also, it should be noted that when the time is long, the state of 
crystallization of the apatite was improved and these lines 
(002) (211) (112) and (300) are refined [17]. 

 

Figure 4. Diagrams of the Diffraction  of X-ray of the samples synthesized 

from salts (NH4)H2PO4 treated in a wet atmosphere depending on residence 

time in the conditions of the experience (a) 2 h, (b) 8 am, (c) 48 hours, (d) and 

21 d (e ) 21 d to 900 °C.  

 

Figure 5. Diagrams of the Diffraction  of X-ray of the samples synthesized 

from salts (NH4)2HPO4 treated in a wet atmosphere depending on residence 

time in the conditions of the experience (a) 2 h, (b) 8 am, (c) 48 hours, (d) and 

21 d (e ) 21 d to 900 °C. 
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Furthermore the X-ray diagram of the products which have 
remained 21 d in the residence, then calcined at 900 ° C 
(curves e, Fig. 4 and 5) shows the corresponding lines to two 
phases we have identified : one of the phosphocalcique [16]  
hydroxyapatite ((214) (0210)) and the other of the 
β-tricalcium phosphate (220) [18]. 

3.3. Scanning Electron Microscopy 

 

Figure 6. Obtained images in scanning electron microscopy of samples 

synthesized from salts (NH4)H2PO4, initial Ca / P = 1.00 ± 0.01 after 

treatment for 21 days at 80 °C. 

  

Figure 7. Obtained images in scanning electron microscopy of samples 

synthesized from salts (NH4)2HPO4, initial Ca / P = 1.00 ± 0.01 after 

treatment for 21 days at 80 °C. 

The images obtained in scanning electron microscopy 
revealed the presence of a phase formed of a needle 
agglomerate. 

3.4. Chemical Analysis of the Experience Products 

To determine the chemical composition of the products 
obtained, the calcium ions and orthophosphate concentrations 
ere determined on samples recovered from various phosphate 
salts after treatment in a wet atmosphere and after washing 
(Tables-1 and 2). 

Table 1. Variations atomic ratios of the synthesized samples from the salts (NH4)H2PO4 after reaction. 

Time (in h or d) 2h 4h 8h 24h 48h 3d 7d 21d 

Ca/P 2.42 1.72 1.71 1.58 1.58 1.59 1.60 1.60 

%HPO4
2-/ Pt 6.05 10.49 13.20 9.32 8.80 6.70 6,37 5.63 

I R Apatite+CaCO3 Apatite+CaCO3 Apatite+CaCO3 Apatite+CaCO3 Apatite Apatite Apatite Apatite 

DRX Apatite+CaCO3 Apatite+CaCO3 Apatite+CaCO3 Apatite+CaCO3 Apatite Apatite Apatite Apatite 

Table 2. Variations atomic ratios of the synthesized samples from the salts (NH4)2HPO4 after reaction. 

Time (in h or d) 2h 4h 8h 24h 48h 3d 7d 21d 

Ca/P 1.9 1.82 1.77 1.60 1.57 1.58 1.58 1.57 

%HPO4
2-/ Pt 8.97 8.06 10.46 9.55 8.03 6.88 5.66 5.63 

I R Apatite+CaCO3 Apatite+CaCO3 Apatite+CaCO3 Apatite+CaCO3 Apatite Apatite Apatite Apatite 

DRX Apatite+CaCO3 Apatite+CaCO3 Apatite+CaCO3 Apatite+CaCO3 Apatite Apatite Apatite Apatite 

 
we note that the Ca / P ratio of initial mixtures progresses 
according to time from the value 1.00 ± 0.01 to the value 1.71 
± 0.01 for the synthesized powder  from (NH4)2HPO4   to the 
value 1.77 ± 0.01 for synthesized powder from(NH4)H2PO4  
after 8h of residence in the condition of the experience. As it 
was revealed in studies by IR and XRD, this increase is mainly 
due to the presence of two phases: the calcite and the non 
steochiometric apatite. Moreover, beyond 48 hours and jusu'à 
21 days, the Ca / P remains practically constant and equal to 
1.60 ± 0.01 for powders synthesized from salts (NH4)H2PO4  
and to 1.58 ± 0.01 synthesized from the salts (NH4)2HPO4   to 
experimental errors meadows. 

Moreover, the observations made by the different 
techniques of analysis have led us to distinguish the formation 
of apatite. The X-ray diffraction and the infrared absorption 
spectroscopy have indicated that these phosphates have an 
apatitic structure. Also, this latter technique has revealed the 

presence of  PO4
3- ions OH- and HPO4

2- which are ions 
belonging to the apatite phase. 

Similarly, the chemical analysis samples have shown that 
beyond 48 hours, the apatitic calcium phosphates formed are 
exclusively of Ca2+, PO4

3-, HPO4
2-  and OH-.Tables 3 and 4 

include the chemical formulas of the apatite obtained from 
these analyzes. 

Table 3. chemical formulas apatite synthesized in a wet atmosphere at 

different stays in time from salt (NH4) H2PO4. 

Time(in h or d) Chemical formula 

48 h Ca9,47 (PO4)5,47 (HPO4)0,53 (OH)1,47 

3j d Ca9,59 (PO4)5,59 (HPO4)0,41 (OH)1,59 

7j d Ca9,61 (PO4)5,61 (HPO4)0,39 (OH)1,61 

21j d Ca9,66 (PO4)5,66 (HPO4)0,34 (OH)1,66 
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Table 4. chemical formulas apatite synthesized in a wet atmosphere at 

different stays in time from salt (NH4)2HPO4. 

Time(in h or d) Chemical formula 

48 h Ca9,52 (PO4)5,56 (HPO4)0,45 (OH)1,47 

3j d Ca9,59 (PO4)5,57 (HPO4)0,43 (OH)1,61 

7j d Ca9,65 (PO4)5,65(HPO4)0,35 (OH)1,63 

21j d Ca9,65 (PO4)5,67 (HPO4)0,33 (OH)1,66 

4. Interpretation and Discussion 

The study of the products of experence by X-ray diffraction 
and by the infrared absorption spectroscopy, have shown that, 
for the time of residence in the conditions of the experience 
which are greater than 48 hours, the products obtained from 
the two salts of phosphates, are the same:  a formation of a 
calcium phosphate which is poorly crystallized and having 
apatite structure. In fact, the infrared absorption spectra of the 
recovered samples show the presence of the characteristic 
bands of the groups PO4

3- and HPO4
2- in a non-stoichiometric 

apatite [15, 19]. So, these results reflect a shift of the initial 
mixtures under an atmosphere saturated with water vapor to 
an appetite which is deficient in calcium ions. In addition, at 
any time during the experiences, no any other phases of apatite 
was detected, also, the crystallization condition improves 
when the duration of treatment increases. Similarly, the 
presence of calcite in the samples treated for residence time of 
less than 48 hours has clearly shown that the reaction between 
CaCO3 and (NH4)H2PO4, or between  CaCO3 and (NH4)2 
HPO4, in a wet atmosphere depends essentially of the duration 
of residence time of the intial product in the conditions of the 
experience. 

For the characterization of the two products treated for 21 d, 
then calcined at 900 °C, the XRD and IR have shown an 
evolution of the initial salt in a wet atmosphere to a biphasic 
calcium phosphate apatite composed of hydroxyapatite and 
β-tricalcium phosphate. 

By chemical analysis, the ion content of Ca2+, PO4
3- and 

HPO4
2 were determined, and the atomic ratio Ca / P was 

calculated. The study of changes in atomic ratios has shown 
that the atomic Ca / P ratio remains constant without 
significant changes to experimental despite of the increase of 
the time of stays in the conditions of the experience. 

On the other hand, the variation quantity of HPO4
2- ion has 

shown a gradual decrease according to the increase of the time 
of treatment in a wet atmosphere of the initial mixtures. 

This variation of the ion levels HPO4
2- is certainly due to the 

balance that will be established between the reactants. Indeed, 
by infrared absorption spectroscopy, there was an increase of 
the intensity of the bands associated with the OH- ions. Thus, 
it is possible to accept, as has been repeatedly shown by J.C. 
HEUGHEBARET and G. MONTEL [20] that the observed 
OH- ions are indeed derived from the hydrolysis 
intercrystalline phosphate ions during the formation of the 
apatite by: 

 

Similarly, chemical analysis reveals a significant loss CO3
2- 

ions and NH4
+ of the initial mixture. This ion loss is 

accompanied by the disappearance of H2PO4
- ions, most likely 

by the following reactions: 

 

In these circumstances, it appears that the synthesis of the 
apatite structure of calcium phosphates is due to the hydrolysis 
of the present products in the initial mixture. This reaction is 
probably favored by the medium saturated with water vapor 
and a priori this exchange medium may be the film which has 
formed on the surface of powders of the salts. 

Moreover, the evolution of calcium phosphate occurs in the 
majority of cases in solution or by a dissolution/reprecipitation 
mechanism [15-12-10-22] or by a topotactic mechanism 
[22-24]. 

Also, in the conditions of our experiences, we can design 
the important role of the water film adsorbed on the 
decomposition of initial mixtures of salts in moist atmosphere 
apatite. Therefore, the reaction mechanism may be possible in 
two successive steps: 

Dissolution of a portion of the ions of the initial mixture to 
the surface by the adsorbed water film. Once the saturation 
condition is satisfied, there may be nucleating (or 
germination). This step, required in the crystallization process, 
is the formation of nuclei of sufficient size to enable 
subsequent growth. The nucleation process can occur either 
homogeneously or heterogeneously in the presence of foreign 
particles that act as nucleation sites [25-27]. In our case, it is 
the model of homogeneous nucleation which was chosen view 
the recovered samples are single phase and no foreign stage 
was detected. 

5. Conclusion 

Beyond 48 hours of stay time in the conditions of the 
experiment, the atomic ratio Ca / P of the treated samples 
remains practically stable. The analysis of the diagams of 
X-ray and the infrared absorption spectroscopy of the different 
phosphate salts, after treatment, have shown the formation of a 
calcium phosphate which has a poorly crystallized apatite 
structure. Also, when this time increases, the state the 
crystallization of the apatite was improving. Furthermore, for 
the characterization of the two products which were treated for 
21 days then calcined at 900 ° C, the XRD and the IR have 
showed an evolution of the initial salts to a biphasic apatite 
composed of the phosphocalcium hydroxyapatite and the 
β-tricalcium phosphate. 
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