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Abstract_ In this work, we have applied the alkaline extraction 

technique to natural phosphate in order to manufacture a 

non-stoichiometric hydroxyapatitic nano-phosphate. For this 

purpose, we have used an alkaline salt as digesting agent. The 

obtained residue of digestion has been subjected on the 

gelation process in solution. The characterization of the 

obtained apatite with XRD, FTIR and SEM techniques 

showed that the use of this method has proved that it is 

possible to keep the crystallographic and chemical structure 

of any natural phosphate as opposed to the usual process of 

acid attack phosphates which leads to total or partial 

dissolution of apatite. The obtained apatite has a 

hydroxyapatitic structure and nano-particle size. The 

substitution of fluorine (F-) by ions (OH-) during the digestion 

process has been facilitated by the presence of reactive silica 

in our rock phosphate sample. 
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1. INTRODUCTION 

 

It is a known fact that the economic potential of a crude 

phosphate is linked to its high content of P2O5 but its 

temporal and environmental sustainability is very 

important because it is a non-renewable resource [1-2-3]. A 

suitable process for a potentially sustainable treatment 

would be such that, while saving the raw material by 

dividing it on a nanoscale, should makes it possible to 

manufacture a phosphate which would be not only rich in 

P2O5 but should keep an apatitic structure as close to its 

natural shape as possible. In fact, natural phosphates are 

generally associated with several mineralogical species 

(limestone, quartz, periclase, fluorite, clays, silica, etc.), but 

the essential component is apatite [4-5]. The apatites have 

as general formula M10(MO4)6X2 where M represents a 

divalent cation (Ca2+, Mg2+, Sr2+, etc.), MO4 a divalent, 

trivalent or tetravalent oxo-anion [(CO3)2-, (PO4)3-, (SiO4)4-, 

etc.] and X a monovalent anion (F-, OH-, etc.) [6-7-8]. 

Moroccan apatite can be considered as a biological apatite 

because of its content of organic carbonate as opposed to 

pure fluorapatite [9-10-11]. It should be noted that apatites 

have a relatively "complex" structure, which favors 

numerous anionic and cationic substitutions on the three 

ion exchange and binding sites (M, MO4 and X) [12]. 

These ionic substitutions make it possible to understand 

why natural apatite ores can contain many impurities in 

variable quantities and which are difficult to eliminate by 

separating them with the apatite crystals which are so small 

that in one dimension they have only a thickness of about 

ten atomic layers [13]. 

This is why the quality of the commercial phosphate 

products is influenced by the presence of these impurities 

such as heavy metals (Cd, Sr, Zn, Mn, Cu, Pb, Ni, U, 

etc...). The elimination of these impurities in phosphate 

ores is therefore of great importance from both an 

economic and an environmental point of view. The 

complexity of the mineralogical and chemical composition 

of natural phosphate has a great influence on the processes 

of their valorization [14]. Apatite ores are the main source 

of phosphate fertilizers and are used to prepare phosphoric 

acid and other various phosphate derivatives. However, 

these fertilizers are rarely produced and used as an apatite 

source because of their low solubility [15-16].  

Acidic dissolution is a usual technique which is used for 

the manufacturing of fertilizers, but it is associated with 

numerous problems related to the denaturation of the 

apatitic structure due to the total loss of calcium and partial 

loss of phosphorus in the form of phosphogypsum 

(CaSO4.2H2O + Ca(H2PO4)2.2H2O). Moreover, the use of 

acids is a potential hazard to the health and to environment. 

Further, acidic dissolution also adds incomplete digestion 

of certain refractory compounds such as rare earths if they 

exist in the ore, and will end up us impurities in the 

finished products [17]. 

The purpose of this study is to experiment the alkaline 

extraction method in presence of an alkaline salt as 

digesting agent for the transformation of natural phosphate 

into nano-apatite having a similar structure to 

hydroxyapatite. 

 

2. EXPERIMENTAL 

 

A. Enrichment of phosphorite into apatite by 

mechanical sieving 

It should be noted that our raw phosphate sample was 

collected from the Gantour region of Morocco. First of all, 

or particles of size above 1mm were removed from the 

starting phosphate ore. Then, mechanical sieving was 

carried out on two sieves with mesh openings measuring 

710 and 180 μm respectively. This operation makes it 

possible to enrich the ore in apatite by eliminating particles 

of granulometries under 180 μm which are rich in silica, 

limestone, clay and fractions greater than 710μm which are 

rich in sterile stones to meet the commercial requirements 

that a quality fertilizer must have at least 70% BPL (Bone 

Phosphate of Lime) content. 
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B. Alkaline extraction of apatitic phosphate 

The purpose of the alkaline extraction method is to separate 

apatitic phosphate from other minerals, impurities and 

other non-valuable or less interesting materials surrounding 

apatite in its natural deposit called "gangue". The use of the 

alkaline extraction in presence of an alkaline salt was 

motivated by the fact that it is a method leading to non-

stoichiometric apatites, which are generally more soluble 

than stoichiometric apatites. For this purpose, several 

alkaline digesting agent can be used and facilitate 

extraction, but our study focused on sodium carbonate 

because it is an environment friendly reagent. Digesting 

agents other than carbonates are generally environmental 

harmful. Another advantage of sodium carbonate is its high 

dissolving capacity of oxides, especially quartz [18]. We 

considered that the two sieves 180 and 710 µm constituted 

a single granulometric class. The procedure consisted of 

taking the oversize from this granulomeyric class, and then 

subject it to an alkaline extraction in presence of sodium 

carbonate as digesting agent. The obtained residue was 

washed and dried at 80°C for 12 hours before undergoing 

further analyzes. 

 

3. CHARACTERIZATION METHODS. 

 

To identify the mineralogical phases, the residues obtained 

by sieving and alkaline extraction were subjected to X-ray 

diffraction analysis respectively. The used diffractometer is 

type BRUKER in reflection mode which is equipped with a 

LYNXEYE detector and a tube in copper with a 

wavelength of λ=1.54 Ä. The data were analyzed in the 2Ө 

range from 10° to 80° with a scanning step of 2° per 

minute. The morphology and size of the phosphate 

particles obtained were determined by the complementary 

use of scanning electron microscopy (SEM) and the Laue-

Scherer relationship [19]: 

        

Sc=
0.9∗ λ

FWHM∗Cosθ     (1) 

 

Where S
c  is the average crystallite size (in nm); λ is the 

wavelength of X-ray radiation; FWHM is the full width at 

half maximum for the diffraction peak under consideration 

(rad); and θ (degree) is the diffraction angle of the 

investigated peak. Functional groups of apatite obtained by 

alkaline extraction were characterized by Fourier 

Transform Infrared Spectroscopy (FTIR).  

 

4. RESULTS AND DISCUSSION 

 

The X-ray diffraction analysis spectra of the crude 

phosphate sieved in the range [180-710 μm[ revealed four 

detectable major phases. These phases correspond 

respectively to apatite, fluorite, quartz and dolomite. These 

results allowed us to focus on the identification of the 

phases constituting the crude apatite in the range [180-710 

μm[. At first sight, these results shown that Gantour 

phosphate sieved between 180 μm and 710 μm is a 

fluorapatite Ca10(PO4)6F2 (as shown in Fig. 1) if we 

compare it with PDF sheet N ° 15-0876. 

 

 
Fig. 1: XRD spectrum of crude phosphate sieved in the range [180-710 μm[ 

 

To judge the effectiveness of our alkaline extraction 

process in presence of a digesting agent, the digestion 

product (snow-white powder) was subjected to X-ray 

diffraction analysis in order to identify the nature of the 

remaining phases and to calculate the particle size. The 

spectrum of Fig. 2 shows the disappearance of peaks 

corresponding to the quartz and Dolomite, which had been 

detected in the raw phosphate sample (Fig. 1). The keeping 

of all the spectral lines corresponding to the apatitic phase 

proves that the phosphated fraction is single-phase. 

Reactive silica which is amorphous silica cannot be 

detected by using X-Ray Diffractometry (XRD). However, 

this silica contribute to remove fluorine during fusion 

process [20]:  
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6Ca5(PO4)3F + 4H2O + SiO2 ↔ 6Ca5(PO4)3(OH) + 2HF + SiF4          (2) 

 

 
Fig. 2: XRD Spectrum of extracted product, dried at 80°C 

 

The disappearance of the peaks relative to quartz , dolomite 

and fluorite proves that sodium carbonate is indeed specific 

to the removal for even the most refractory components 

[21-22-23]. As for fluorine contained in the apatite 

structure, the XRD spectrum (Fig. 2) shows at first sight 

that the fluorapatite (FAp) was transformed into 

hydroxyapatite (HAp) compared to the pdf sheet N ° 09-

0432. However, a chemical microanalysis as well as an 

infrared spectroscopy analysis are necessary in order to be 

able to confirm the XRD analysis result of Fig.2.  

Concerning the calculation of the particle size of the 

synthesized HAp nano-powders, XRD analysis is a 

quantification method by which can be performed. It is 

known that the full width at half maximum (FWHM) of a 

diffraction peak is due to the thickness effect “S
c ” of the 

crystallites [24] and is measured for clay and similar 

materials such as phosphates and double hydroxides on 

00L [25]. 

The particle size determined by the relationship (1) of 

Laue-Scherer has given a value of 27.5nm; which proves 

that the obtained apatite had a nanometric size. The 

obtained apatite was also calcined at 800°c for 4 hours. The 

aim of this calcination was to convert the apatite in 

hydroxyapatite nanopowders with high crystallinity. The 

calcined product was then analyzed by X-ray diffraction 

and the results were presented below: 

 

 

 
Fig. 3:  XRD Spectrum of the extracted product, calcined at 800°C 

 

The XRD spectrum of the calcined HAp shows very fine 

peaks indicating the decrease of porosity as well as an 

increase of the crystallinity. The calcination has led to the 

closing of many small pores of Hap dried at 80°C. We can 

conclude that the ceramization at high temperature of HAp 

should be constituted a potential route for the 

manufacturing of implants for bone substitution in the 

medical field. 

 

To identify the functional groups of the obtained apatite, 

we used an Infrared Spectrometer “SCO-TECH” type 

whose scanning spectral range is from 4000 cm -1 to 400 

cm-1 with 2 cm-1 a spectral resolution. The analysis was 

carried out on the dried and calcined apatite because the 

calcination allows to visualize well the main functions, 

which characterize the obtained apatite. The results of 

analysis were presented in Fig. 4 below:   
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Fig. 4: FT-IR spectra of calcined and non-calcined apatite 

 

The vibration bands observed respectively at 1640 cm-1 and 

3425 cm-1 for apatite dried at 80°C are attributable to the 

adsorbed molecules of H2O [26-27]. The very broad band 

corresponding to the absorption of water, observed at 3425 

cm-1, could indicate the existence of a very high absorption 

area. After calcination, we notice the appearance of the 

peaks at 3700 cm-1 corresponding to the groups (OH)-. This 

shows that the alkaline extraction technique has allowed us 

to transform the fluorapatite form of natural phosphate into 

hydroxyapatite. The vibration bands observed at 1040, 605, 

572 and 467cm-1 are attributable to the phosphate groups 

(PO4)3- while the bands appearing at 1458 and 1427 cm-1 

correspond to the carbonates (CO3)2- which are located in 

the site B of the apatitic structure [28] but the peak at 875 

cm-1 corresponds to dolomitic carbonate. 

Finally, the study of morphology of the obtained powders 

were made by SEM. The results were presented in the 

Fig.5 below:  

 

 
Fig. 5: SEM image of Hydroxyapatite (Hap) from alkaline extraction with sodium carbonate 

 

The results shown that the alkaline extraction product from 

the oversizes obtained in the range [180-710 µm[ rich in 

phosphate gave clumps of poorly crystallized fractal-like 

particles, thus developing a high porosity. 

 

5. CONCLUSION 

 

Since phosphates are weakly soluble to be applied alone as 

a fertilizer without any addition, we believe that this type 

of fertilizer can only be directly assimilated by plants if 

they are produced at a nanoscale level. The process of 

alkaline extraction that we have applied to Moroccan 

phosphate, preceded by a prior mechanical sieving carried 

out between two sieves of 180 and 710 μm, has allowed us 

to manufacture a phosphate having a nanometric size. 

However, the potential solubility of Gantour phosphate can 

be favoured by the incorporation of carbonate and silicate 

ions into the apatitic structure with the use of this new 

process. In addition, it is possible to avoid the major 

shortcomings encountered in the traditional technique 

based on acidic attack of phosphates due to the significant 

loss of phosphorous material in phosphogypsum form: 
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 CaSO4.2H2O + Ca(H2PO4)2.2H2O. Finally, the great 

advantage lies in the simplicity of the process of alkaline 

extraction and its easier implementation which makes it 

quite accessible to less equipped laboratories. 
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Appendix A: PDF File for the FAp 

 
 

Appendix B: PDF File for the HAp 
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