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Synthesis and characterization of new apatitic 1 

materials from Hahotoé-Kpogamé phosphate rock 2 
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 4 
 5 
Abstract   6 
 7 
Aims: Phosphorus and phosphate are broadly used in many areas ranging from advance researches to 8 
manufacturing companies for regular use purposes. In Togo, the raw phosphate is exploited and exported 9 
to serve as an ingredient in chemical fertilizers, detergents, phosphoric acid synthesis, etc. The aim of the 10 
present work is an investigation of alternative valuation of the raw phosphate of Hahotoé-Kpogamé in 11 
Togo.  12 
Methodology: The study consists of the transformation of the raw phosphate into hydroxyapatite by 13 
dissolution followed by a precipitation. The hydroxyapatite thus obtained can be used, for example as a 14 
conditioning matrix of industrial waste, as a catalyst support, or for the depollution of water etc. The 15 
characterization was carried out by Fourier Transform Infrared Spectroscopy (FTIR), X-Ray Diffraction 16 
(XRD), Thermogravimetric Analysis (TGA) coupled to Thermal Differential Analysis (DTA) and Inductively 17 
Coupled Plasma Atomic Emission Spectroscopy (ICP-AES).  18 
Results: These analyses revealed that the materials are predominantly of non-stoichiometric 19 
hydroxyapatite and minority of phosphate tricalcium and impurities. The synthesized materials (calcined 20 
and uncalcined) were applied as adsorbent and as coadsorbent of a photocatalyst (TiO2) for methylene 21 
blue removal. The study of the adsorption of the methylene blue was carried out in a batch mode. The 22 
adsorption of methylene blue on the synthesized materials gave a low yield (15 to 20%). However, used 23 
as in the mixture with titanium dioxide, the adsorption rate of methylen blue was increased significantly 24 
(57% of removal rate with 0.5 g synthesized materials + 2 g of TiO2 P25). 25 
Conclusion:  uncalcined hydroxyapatite obtained from raw phosphate can be used as an efficient co-26 
adsorbent of titanium dioxide leading to an alternative valorization of this natural phosphate. 27 
 28 
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 33 
1. Introduction 34 
 35 
Extraction and marketing of phosphate have started in Togo since 1957 [1,2]. The exploitation of this 36 
deposit is only intended for export after purification. The purified phosphate, once exported, are used in 37 
the manufacturing industries of fertilizers and textile detergents etc. 38 
 39 
On the agricultural level, phosphorus, contained in fertilizers, promotes the growth of the root system, 40 
regulates flowering and fruit ripening. Another area of the chemical phosphates industry is the production 41 
of fluorescent light tubes. Tons of fluorinated and chlorinated apatites obtained from the phosphate 42 
deposit and doped with magnesium and antimony are produced annually for this purpose. The phosphate 43 
extracted from the deposits is also used in the manufacture of foods, beverages, extinguisher powder, 44 
dental products in the treatment of the surface of metals, in the manufacture of matches, incendiary 45 
bombs, pyrotechnic products, in medicine, as well as in the tanning of leather and the refining of sugar [3]. 46 
Thus phosphates have many uses in everyday life. However, under certain conditions, they can get back 47 
up harmful to the environment. Phosphates in wastewater come largely from the agricultural activity, from 48 
domestic and industrial wastewaters. These phosphates, coupled with mineral nitrogen speeches in water, 49 
create the phenomena of eutrophication and dystrophication [4]. Indeed, not toxic in themselves for animal 50 
and plant life, they harm the environment when they are in high concentration. In fact, at high 51 
concentrations, phosphates contribute to excessively enrichment of aquatic environments with algae and 52 
macrophytes [2]. In order to reduce the amount of phosphate in wastewaters, the European Commission 53 
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proposed, on November 4, 2010, to ban the use of phosphates in many manufactured products [4]. In 54 
view of this restriction on the use of phosphates, the long-term export of phosphate could pose socio-55 
economic problems for the countries exporting the phosphate rock deposit such as Togo. It would then be 56 
necessary to look for alternative solutions., for example, transformation of natural phosphate into 57 
hydroxyapatite. Indeed hydroxyapatite has many interests in several areas. Much work has focused on the 58 
use of apatites, especially hydroxyapatites, for the removal of trace metallic elements from water [5–7].  59 
 60 
Apatites are mineral compounds that are very stable thermally and chemically and have a high resistance 61 
to deterioration under radioactive radiation. Thus apatites can be effectively used as geological barriers in 62 
landfills, radioactive compounds storage centers etc [8–10]. Apatite can also be used as a good ion 63 
exchange barrier and as an adsorbent that is tested for dye removal and protein separation [11–17]. 64 
Apatite is also studied as a carrier for sustained-release drugs or as a catalyst support [15,18,19]. The 65 
objective of this study is to synthesize the hydroxyapatites from natural phosphates and then apply the 66 
characterized material to as adsorbents of methylene blue in water. 67 
 68 
2. Material and methods 69 
 70 
2.1 Material 71 
 72 
2.1.1 Raw phosphate 73 
 74 
This study was performed on the merchantable rock phosphate of Hahotoé-Kpogamé (TOGO). 75 
Commercial rock phosphate is obtained from this raw material after pretreatment. 76 
 77 
 78 
 79 
 80 
 81 
 82 
 83 
 84 
 85 

 86 
 87 

Fig. 1.  Commercial Phosphate of Hahotoé-Kpogamé (TOGO) 88 

 89 
2.1.2 Hydroxyapatite obtained from natural rock phosphate 90 
 91 
Figure 2 shows obtained hydroxyapatite from phosphate rock after drying in an oven at 100 ° C and 92 
heating treatment in the oven at 1200 °C. The heating changes the color from white to yellow. 93 
 94 
 95 
 96 
 97 
 98 
 99 
 100 
 101 
 102 
 103 
 104 
  105 
Fig.2.  Uncalcined and calcined apatitic materials obtained from raw phosphate modification 106 
 107 

(a) (b)
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2.1.3 Methylene Blue (MB) as model pollutant 108 
 109 
For application as adsorbent of new material synthesized, is methylene blue (BM) or tetramethylthionine 110 
hydrochloride was used as model pollutant in water. It is a cationic dye of CI 52015 index with chemical 111 
formula C16H18N3SCl and molar mass about 319.85 gmol-1. MB is an organic dye belonging to the 112 
Xanthines family. 113 
 114 
 115 
 116 
 117 
 118 
 119 
 120 
 121 

 122 
Fig.3.  Structure of methylene blue 123 

  124 
2.1.4 TiO2 as heterogeneous photocatalyst 125 
 126 
Titanium dioxide (TiO2) P25 from DEGUSSA is one of the photocatalysts usually used as a reference in 127 
many studies related to organic removal by photocatalysis [20]. As a powder, the efficiency is very good 128 
compared to the same material fixed in the form of a thin layer [21]. In this study, TiO2 was mixed with 129 
synthesized hydroxyapatite to increase specific area available for organics adsorption. 130 
 131 
2.2 Synthesis of hydroxyapatite from phosphate rock 132 
 133 
The principle of this synthesis is based on the reaction of dissolution of natural phosphate in nitric acid 134 
(HNO3) to release specifically the ions  and P  (eq. 1). After total dissolution of the natural 135 
phosphate, the mixture obtained is filtered [22]. The filtrate obtained is precipitated with a concentrated 136 
ammonia solution ( eq. 2) [23]. The precipitate is then washed and dried.: 137 

Ca10(PO4)6(F)2 +12HNO3  10  + 6  +2  +12                      (Equation 1) 138 
 139 
10  + 6  +  Ca10(PO4)6(OH)2 + 14  +12           (Equation 2) 140 
 141 
 142 
2.2.1 Characterization of the synthesized materials 143 
 144 
The materials were characterized at the Center for Analysis and Characterization (CAC) in Morocco. 145 
Inductively Plasma Atomic Emission Spectrometry (ICP-AES) was to determine the chemical composition. 146 
X-ray diffraction analysis (XRD) was performed to identify the crystallographic structures of the materials. 147 
Fourier Transform Infrared Spectroscopy (FTIR) was performed to determine the functional groups. 148 
Thermogravimetric analysis (TGA) and differential thermal analysis (DTA) were performed to determine 149 
the thermal behavior of the materials [24–27]. 150 
 151 
2.2.2 Adsorption experiment 152 
 153 
The experiments were performed in "batch mode". In four Erlenmeyer flasks each containing 200 ml of 154 
dye solution numbered from 1 to 4, the masses m1 = 2 g of TiO2, m2 = 2 g of TiO2 + 0.5 g of the 155 
synthesized product, m3 = 2 g of TiO2, + 1 g of the synthesized product and m4 = 2 g of the synthesized 156 
product only. The synthesized material here corresponds to the raw material obtained after heat 157 
treatment at 105 ° C. The dye solutions were prepared by dissolving the required amounts of the dye in 158 
distilled water to obtain a concentration of 6.25 × 10 -6 mol/L, ie a concentration of 2 mg/L. The mixtures 159 
obtained were homogenized using a CIMAREC i multipoint magnetic stirrer at a speed of 800 rpm at room 160 
temperature. After each 30 min, for 3 h, 10 mL of the mixture is taken from each Erlenmeyer flask, 161 
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centrifuged, and filtered to obtain a clear liquid for residual dye analysis on JENWAY brand UV-VIS 6705 162 
spectrophotometer at 663 nm. The same experiments were repeated with materials calcined at 1200 ° C. 163 
 164 
3. Results and discussion 165 
 166 
The chemical and mineralogical compositions as well as the results of the application of the synthesized 167 
materials are presented and commented in this part. 168 

3.1 Chemical analysis 169 
 170 
Elemental analyzes (Table 1) performed using an ICP-AES spectrometer the presence of calcium (Ca) 171 
and phosphorus (P) as major elements [28]. The analysis also reveals the presence of metallic trace 172 
elements in the synthesized materials. 173 
 174 
Table 1.  Elemental analyzes 175 
 176 

  
Uncalcined product Calcined product 1200°C 

SiO2 (%) 1,81 0,89 
Al2O3 (%) 0,61 < 0,10 
Fe2O3 (%) 0,94 0,74 
CaO (%) 50,56 53,54 
MnO (%) 0,04 0,03 
P2O5 (%) 34,67 37,56 
As (ppm) 99 96 
Cu (ppm) 109 84 
Ni (ppm) 70 65 

Sr (ppm) 440 240 
Zn (ppm) 217 194 

 177 
From the data in Table 1, the Ca/P atomic ratio of each of the materials was calculated. The Ca/P atomic 178 
ratios of the calcined and uncalcined materials were 1.81 and 1.85, respectively. These values are higher 179 
than that of a stoichiometric phosphocalcic apatite (Ca/P = 1.67) [17]. This could be related to the 180 
presence of carbonates and other impurities, detected by infrared spectroscopy and thermal analysis, in 181 
materials. Indeed, there are two types of substitution by carbonates. The substitution of type A which 182 
concerns the ions  and the second of type B which involves the ions . Substitution of type B 183 
reduces the amount of phosphorus in the material, which has the effect of increasing the Ca/P atomic ratio 184 
of the materials. Heughebaert et al. have demonstrated a preferential localization of ions in B sites 185 
when studying the influence of carbonate ions on the hydrolysis of precipitated calcium orthophosphates 186 
[29]. 187 
 188 
3.2  X- Ray Diffraction of synthesized materials  189 
 190 
The X-ray spectrum of the materials synthesized and dried at 105 ° C. (Fig. 4) exhibits wide and diffuse 191 
lines at room temperature, corresponding to a poorly crystallized product. After heat treatment at 192 
 1200 ° C, the materials the diffractogram exhibits fine lines showing good crystallinity. According to PDF-193 
2 file, the diffractogram correspond to two distinct phases, identified as hydroxyapatite and tricalcium 194 
phosphate β. 195 
 196 
The first phase of the calcined products is identified with the hydroxyapatite referenced to the code 197 
000340010 of chemical formula Ca10(PO4)6(OH)2 crystallized in the hexagonal system, belonging to the 198 
space group P63/m of parameters of mesh a = b = 9.4148 Å and c = 6.8791 Å [28]. The second phase is 199 
identified with tricalcium phosphate referenced to code 00 001 0941 of chemical formula Ca3(PO4)2 [24]. 200 
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 201 
 202 
Fig. 4. X-ray diffraction patterns of uncalcined and calcined products 203 
 204 
3.2 Characterization of Materials by Fourier Transform Infrared Spectroscopy 205 
 206 
Infrared spectroscopic analysis of the materials reveals several absorption bands (Fig.5) which are listed 207 
in Table 2. 208 
The analysis of the infrared spectra of the hydroxyapatites still has certain characteristic bands attributable 209 
to the phosphate ions ( ) and the hydroxide ions ( ). In the spectrum of the non-calcined 210 
synthesized product (Fig. 5.a) a broad band between 3700 and 2700 cm-1 and another centered at 1640 211 
cm-1 correspond to vibrations of elongation and deformation of the O-H bonds of the water molecules 212 
adsorbed by the material [28]. The bands around 3400 cm-1 and 1640 cm-1, respectively, can be attributed 213 
to vibrations of elongation and deformation of the N-H bonds of ammonia from synthetic reagents [27]. 214 
In addition, the same bands between 3700 and 3500 cm-1 could overlap the hydroxide ion elongation band 215 
( ) which is often around 3560 cm-1. But further, we find a shoulder at 632 cm-1 which corresponds to 216 
the vibrations of hydroxide ions ( ) [27,30]. 217 
 218 
Table 2. Attribution of FTIR spectrum bands for materials 219 
 220 

ν (cm-1) Uncalcined product Calcined product 1200°C Références
3700-2700 H20/NH3 H20 [27,28] 
3560-3541 

 

[27,30] 
2360 CO2 ---- [27] 
1640-1616 H20/NH3 H20 [27,28] 
1456-1388 

 

---- [27,30] 
1101-1098 

 

[27] 
1040 /SiO2 /SiO2 [27] 

970 ---- ---- [27] 
964 

 

[27] 
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 234 

 235 
Fig.5.  Infrared spectrograms of calcined and uncalcined products 236 
 237 
The spectrum also shows an intense band centered at 1388 cm-1 and a peak at 825 cm-1 that can be 238 
attributed to carbonate ions [27]. Another small band around 2360 cm-1 can be attributed to adsorbed 239 
carbon gases at the surface of the product [27]. The spectrum logically shows characteristic bands of the 240 
phosphate ions. In fact, the bands at 1101 cm-1, 1040 cm-1 and 964 cm-1 attributable to elongation 241 
vibrations of phosphate ions ( ) are detected. Bands at 603 cm-1, 574 cm-1 and 470 cm-1 always 242 
correspond to strain rates of the phosphate ions ( ) [28]. After the heat treatment at 1200 °C of the 243 
synthesized product, we notice in the spectrum the disappearance of some bands (Fig. 5.b). The partial 244 
disappearance of the bands around 3180 cm-1 and the band at 1641 cm-1 shows the dehydration of the 245 
synthesized material by heat treatment. However, the presence of small bands around 3421 cm-1 and 246 
1641 cm-1 can be explained by the existence of structural water molecules in the materials even after heat 247 
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treatment. The peaks observed at 3541 cm-1 and 630 cm-1 on the spectrum after the heat treatment are 248 
assimilated to the frequency of elongation and vibration of the hydroxide ions ( ). But one can also 249 
notice that the peaks are not very intense and that there has been a shift of frequency of elongation 250 
because this peak is normally around 3560 cm-1. This decrease in the intensity of these peaks can be 251 
explained by the substitution of the ions  by the ions . We also observe the disappearance of the 252 
bands located towards 1388 cm-1 and the peak at 825 cm-1, which is explained by the decomposition of 253 
carbonate residues. 254 
 255 
3.3 Thermal analysis of materials 256 
 257 
Figure. 6 shows thermograms of thermogravimetric analysis coupled with differential thermal analysis of 258 
materials. 259 
The curve of thermogravimetric analysis of materials (Fig. 6) shows mass losses in three temperatures 260 
ranges. The first mass loss corresponding to 8.539 % of the total mass of the sample occurred between 261 
room temperature and 157 °C. This loss of mass is attributed to the physical desorption of water on the 262 
surface of the material. It can also be attributed to the decomposition of some organic matter that is little 263 
related to the apatite structure. The second loss of mass is the most important. It corresponds to 17.4 % of 264 
the total mass and is detected between 165 and 294 °C. This loss can correspond to the decomposition of 265 
a part of the organic matter and also to the desorption of the adsorbed water in the materials. This 266 
dehydration of the hydroxyapatite gives the non-stoichiometric hydroxyapatite according to the following 267 
chemical equation: 268 

 269 
Fig.6.  TGA and DTA thermograms of the developed product 270 
 271 

   + y                                           (Equation 3) 272 
 273 
 274 
The last loss of mass about 5.66% observed between 305 and 1017 °C is attributed to both the structural 275 
water dehydration and the decomposition of carbonates. This analysis is in agreement with interpretations 276 
made at the IR spectroscopy concerning the bands corresponding to water molecules adsorbed on the 277 
surface and in structures and carbonates. 278 
 279 
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The Differential thermal Analysis (DTA) shows two exothermic peaks at 166 ° C and 279 °C 280 
corresponding to exothermic decomposition of organic matter [31]. It is deduced that the DTA confirms the 281 
first losses reported by the TGA. 282 
 283 
3.4. Application of synthesized products as adsorbents for methylene blue removal 284 
 285 
Figure 7 shows the methylene blue removal rates with initial concentration of 2 mg/L, at pH = 7.6 at room 286 
temperature, using calcined and non-calcined synthesized materials (mass m = 2 g).  287 
 288 
 289 

 290 
 291 
Fig.7. Dye removal rate by calcined and uncalcined materials 292 
 293 
Two steps of adsorption could be noted:  the first during the first thirty minutes corresponding to fast 294 
mechanism and a second slower. After 3 hours of contact with the adsorbents, the removal rates of about 295 
20% are observed with the uncalcined materials and 15 % with the calcined products. These low 296 
adsorption rates can have several explanations like poor structuring and the presence of impurities 297 
resulting in a small surface area available for adsorption [25,32]. Indeed, infrared spectroscopic and 298 
thermal analysis of the synthesized materials have shown that it contains a significant amount of water 299 
and organic matter that might cause the clogging of macropores. As the consequence, the adsorption 300 
capacity of the materials will be small since the fluid access to the internal surface of the adsorbent is not 301 
significant. The low adsorption rates could be also due to an aggregation of the apatitic. 302 
High thermal analysis could also lead to adsorption sites destruction explaining the poor adsorption 303 
capacity of annealing material. 304 
To increase the adsorption rate of methylene blue, of synthesized materials, dispersion on titanium dioxide 305 
was performed.   306 
  307 
The analysis of the removal rates in the case of the adsorbents represented by the mixtures of 2 g of TiO2 308 
with 0.5 g and 1 g respectively of the non-calcined synthesized material shows that the adsorption was 309 
carried out in two phases (Fig. 8). The first phase is fast with a 40% removal rate after 30 min. On the 310 
other hand, the second phase is slow. After 3 hours as contact time, the removal rates was respectively of 311 
57% and 56% for 2 g TiO2 + 0,5 g of hydroxyapatite and TiO2 + 1g of hydroxyapatite. This significant 312 
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increase of adsorption rate could be resulted to synergetic effect of the two materials but also due to the 313 
dispersion of hydroxyapatite onto titanium dioxide.  314 
 315 
It is also noted that the removal rate of the mixture containing 0.5 g of synthesized apatite is slightly 316 
greater than that containing 1 g of synthesized apatite. This phenomenon can be explained by the screen 317 
effect produced by the excess of the synthesized apatite. There would then be an optimum mass of 318 
apatite for which the synergistic effect with TiO2 would be greater. Beyond this mass optimum, a 319 
proportion of nanoparticles of the TiO2 photocatalyst will no longer be exposed for adsorption [33,34].  320 

 321 

 322 
 323 

Fig.8.  Dye removal rate by TiO2 mixed with the uncalcined apatite 324 
 325 

It was also noted that the mixture increases the settling rate after stopping the shaking. This mixture is a 326 
potential alternative to overcome the formation of the colloidal solution when using TiO2 during 327 
photocatalytic studies. Indeed, TiO2 is the most prominent material among photcatalysts. However, it uses 328 
in slurry form create a supplementary difficult due to the separation at the end of the photodegradation 329 
studies.  It is thus possible to dispense with the very expensive step of nanofiltration in the case of the use 330 
of nanoparticles of TiO2 [35–37] by using apatites as co-adsorbent for titanium dioxide. The apatite as co-331 
adsorbent will also increase the adsorption rate of the pollutant since the adsorption is the determinative 332 
for direct photodegradation of the organic pollutant onto the TiO2.   333 
 334 
 335 
 336 
 337 
 338 
 339 

 340 
 341 
 342 
 343 
 344 
 345 



 

10 
 

 346 
 347 
 348 
 349 
 350 
 351 
 352 

Fig.9. The solution of dye in the mixture after the adsorption study 353 
 354 
 355 
4. CONCLUSION 356 
 357 
This study aims to contribute to an alternative valorization of the natural phosphate of Togo by a 358 
transformation of the natural phosphate into hydroxyapatite. For this purpose, new apatitic materials have 359 
been synthesized from Hahotoé-Kpogamé natural phosphate by dissolution followed by precipitation. The 360 
synthesized materials have been characterized by ICP, FTIR, XRD and thermals analysis. Chemical 361 
analysis revealed that the synthesized materials are constituted mainly of calcium and phosphate and 362 
some traces of iron, silicon, copper, aluminum, nickel, zinc, strontium and arsenic. 363 
 364 
Fourier Transform Infrared Spectroscopy (FTIR) revealed the presence of hydroxide ions ( ), 365 
phosphate ions ( ) and carbonate ions ( ) in materials. 366 
 367 
The XRD diffractogramme of the synthesized product showed the presence of a majority phase identified 368 
with hydroxyapatite and a minority phase identified with tricalcium phosphate β. 369 
Thermal DTA / TGA measurements revealed three thermal mass loss intervals. These losses of mass 370 
have been attributed to the dehydration of water, the decomposition of carbonates and the destruction of 371 
organic matter. At 1200 ° C about 31.60% of the total mass loss was observed... 372 
 373 
The adsorption of methylene blue on the synthesized products annealed at 105 °C and calcined at 1200 374 
°C gave low removal yields at room temperature. However, the yield with non-calcined materials is greater 375 
than that of calcined materials. These low adsorption rates can be explained by the poor structuring of 376 
synthesized products, the presence of impurities in the materials and the formation of aggregates during 377 
the adsorption study. 378 
However, the uses of titanium dioxide as the main support of the synthesized apatite have contributed to 379 
increase the phenomenon of adsorption of the latter by synergistic effect and have further allowed easy 380 
separation of the mixture from the solution at the end of the adsorption. 381 
 382 
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