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Abstract  Article Info 

As part of research into the transformation of mineral phosphorus into plant-available 
phosphorus, a comparative study of the dissolution of Tahoua natural phosphate (merchant 
phosphate) in hydrochloric acid, sulfuric acid and ethylene diamine tetra acetic acid (EDTA) 
solutions was carried out. Dissolution was carried out at various concentrations (0.01mol/L; 
0.1mol/L and 1mol/L) and stirring times (1 hour, 3 hours and 5 hours) in the laboratory. The 
results show that for mineral acids, the dissolution rate is higher in concentrated acid solutions 
(1mol/L) and for the 5-hour attack time. These rates are 38.37% and 34.87% respectively for 
sulfuric and hydrochloric acid solutions. For EDTA, on the other hand, the results show that the 
highest dissolution rate is obtained in the acid solution at low concentration (0.01mol/L). It is of 
the order of 20.1% over the 5-hour attack time. Dissolution of Tahoua rock phosphate depends 
on the concentration of etching solutions and the etching time. With mineral acids (sulfuric and 
hydrochloric acid), dissolution increases with concentration. In EDTA, on the other hand, 
dissolution is low with increasing concentration. 
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Introduction 

 

Phosphate was first used in agriculture as a chemical 
fertilizer in the late 18th century. Today, around 90% of 
the world's production of this raw material is used for 
agricultural development (Zapata et al., 2004; Ferrag 
Alleg, 2010). Phosphorus is one of the three main 
nutrients (along with nitrogen (N) and potassium (K)) 
essential for plant development (Zapata et al., 2004; Isil 
et al., 2009; Bagayoko et al., 2011), particularly for root 

growth and fruit and seed ripening. A soil in which all 
these elements are present in the right proportions is 
fertile. What's more, in a phosphorus-deficient 
environment, animal and plant life is virtually 
impossible. Phosphorus is essential for the production of 
energy through photosynthesis, and is considered the fuel 
of plant life to achieve higher yields (Vanden Bossche, 
1999; El mokhtar El Ouardi, 2008). Without phosphate, 
no plant can develop properly. Its deficiency is one of the 
factors limiting agricultural production. However, the 
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low water solubility of this minerai means that it cannot 
be applied directly as a soil fertilizer, due to its apatitic 
form (Ousmane Mahamane Sani et al., 2023; Zanguina, 
2011).  
 
Chemical or biological treatment of the minerai yields 
mineral and/or organo-mineral phosphate fertilizers 
containing plant-available phosphorus (McClellan and 
Van Kauwenbergh, 2004; Ousmane et al., 2017a; 
Zanguina et al., 2018). Numerous studies have been 
carried out on the dissolution of natural or synthetic 
phosphates in conventional acids (Lukas et al., 2008; 
Koriko et al., 2010; Adel et al., 2012; Ousmane et al., 
2017b). As part of the research on the transformation of 
Niger apatite phosphate to make its phosphorus bio-
available to plants, a study of the dissolution of the 
minerai by mineral acids (hydrochloric acid and sulfuric 
acid) and by organic acid (ethylene diamine tetraacetic 
acid EDTA) is being carried out as part of this 
comparative study. Hydrochloric acid, sulfuric acid and 
EDTA are the reference acids for the manufacture of 
phosphate inputs. The aim is to optimize the best acid 
and concentration for better dissolution of Tahoua 
Natural Phosphate (TNP), and to suggest possible 
applications, notably in the manufacture of water-soluble 
phosphate fertilizers.  
 

Materials and Methods  

 

Presentation of the Study Zone 

 
The Tahoua region is located in the center-west of the 
country, in longitude between 04° 52' and 6° 41' East and 
in latitude between 13° 40' North (Nigeria border) and 
18° 50' North (Mali border). It is bordered to the north-
west by the Republic of Mali, to the east by the regions 
of Agadez and Maradi, to the south by the Federal 
Republic of Nigeria and to the west by the regions of 
Dosso and Tillabéry. It covers an area of 113,317 km², or 
8.95% of the national territory.  
 
According to the territorial division, the Tahoua region is 
subdivided into 12 departments, which are in turn 
subdivided into urban and rural communes, cantons, 
villages, hamlets and nomadic camps. The rock 
phosphate deposit from which the samples were taken 
for testing is located to the north of the town of Tahoua, 
on the Tillia track, some 60 km from the town of Tahoua. 
The first phosphate deposit is located southeast of the 
village of Innakeur, 63 km from Tahoua, and the second 
is at Gaoy, 65 km north of Tahoua (Zanguina, 2011; 
Appleton, 2002) figure 1. 

Phosphate material 

 
The material used in this study is Tahoua rock phosphate 
(merchant phosphate) reduced to powder. The 
granulometry of this powder ranges from 100 μm to 150 
μm (figure 2). 
 
Chemical products 

 
The chemicals used for dissolving (organic and mineral 
acids) and dosing Tahoua rock phosphate are described 
in Table 1. 
 
Preparation of acid solutions 

 
We have prepared the following solutions of mineral 
acids (hydrochloric acid and sulfuric acid) and organic 
acid (ethylene diamine tetra acetic acid EDTA): 
Hydrochloric acid, sulfuric acid and ethylene diamine 
tetra acetic acid (EDTA). For each acid, we prepared 
three etching solutions with concentrations of 10-2 
mol/L, 10-1 mol/L and 1mol/L respectively. The pH of 
the different solutions is measured using a pH meter of 
the type pH ION 340i.  
 

Dissolution of rock phosphate by acid solutions  
 
100 mg sample and 100 mL acid solution are placed in a 
250 mL beaker. Each mixture is kept under magnetic 
stirring at room temperature. The stirring speed is 500 
rpm for attack times of 1, 3 and 5 hours. At the end of 
each experiment, the reaction mixture is filtered and the 
filtrate recovered. 
 
Determination of dissolved phosphorus 
 
In acidic media, phosphate ions react with ammonium 
molybdate to form a blue phosphomolybdic complex, 
after reduction by ascorbic acid. The assay was carried 
out using a CECIL 2011 spectrophotometer at a 
wavelength of 860 nm.  
 

Formulas for processing results  
 
The formulas used to evaluate the results are shown in 
Table 2. 
 
Results and Discussion  

 
The P2O5 rates obtained at the various concentrations and 
attack times are shown in Table 2 3.  
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Comparison of mineral acids  

 
The comparative study of Tahoua rock phosphate 
dissolution as a function of attack time in different 
mineral acid solutions is shown in figures 3, 4 and 5. 
Figures 3, 4 and 5 show similar graphs. These graphs 
show that dissolution in hydrochloric acid and sulfuric 
acid increases with acid concentration and attack time. 
Moreover, according to these graphs, the increase in 
dissolution rate is greater in sulfuric acid than in 
hydrochloric acid. The highest dissolution rate of 38.37% 
(Table 3) is obtained with sulfuric acid. Hydrochloric 
acid gave the lowest dissolution rate, at 19.51% (Table 
3). This can be explained by the fact that sulfuric acid is 
a strong diacid, resulting in the massive release of H+ 
ions. Indeed, its first acid function is strong and its 
second function is weak, according to the following 
equations: 
 

 (R1)  
 

 (R2)  
 
It is clearly shown that the more concentrated the 
solution, the higher the P2O5 extraction rate. These 
results are in good agreement with those for the 
dissolution of Togo phosphate in acid media (Koriko et 

al., 2010; Koriko, 2010) and PNT (Zanguina, 2011). In 
the literature, it has been reported that when the pH of 
the solution decreases or when the concentration is high, 
an increase in the dissolution rate is observed (Claire, 
2005). The dissolution of rock phosphate in the 
concentrated medium could be justified by the massive 
presence of H+ ions. Phosphate dissolution in an acid 
medium leads to the formation of hydrogen phosphate 
ions. This is due to the reaction between H+ and 
phosphate ions (PO4

3-) in apatite, according to the 
following reaction equations: 
 

(R 3) 
 

(R4) 
 
The high P2O5 content can also be justified by the fact 
that the action of mineral acids (H2SO4 and HCl) on rock 
phosphate is a heterogeneous process that can be 
conventionally divided into two stages. In the first stage, 
a rapid exchange reaction takes place on the surface of 
the phosphate particles until the sulfuric or hydrochloric 
acid is completely consumed.  
 

In the second stage, dissolution is controlled by the 
diffusion of phosphoric acid formed during the attack of 
sulfuric acid in solution, which reacts with the remaining 
phosphate (Boulahbel, 2010) to finally produce simple 
superphosphate (Moughli, 2000). 
 

Comparison of mineral and organic acids  

 
For a comparative study of the behavior of rock 
phosphate in the various acids, we also undertook the 
dissolution of phosphate in EDTA. The dissolution rates 
of rock phosphate in the three acids are shown as a 
function of concentration for the three etching times in 
Figures 6, 7 and 8. 
 
Figures 6, 7 and 8 show similar graphs for the two (2) 
mineral acids (hydrochloric acid and sulfuric acid) and 
inverses for the organic acid (EDTA) for all 
concentrations and etching times. In fact, with EDTA, 
the best dissolution rate of 20.1% (Table 3) is obtained at 
the lowest concentration (0.01 mol/L), while for mineral 
acids the highest dissolution rates are found at the 
highest concentration (1mol/L). These are 34.87% and 
37.24% (Table 3) for hydrochloric acid and sulfuric acid 
respectively. These results show that, whatever the 
concentration, sulfuric acid dissolves phosphate better 
than hydrochloric acid, and finally EDTA. 
 
From these results, we can conclude that mineral acids 
are more conducive to the dissolution of Tahoua rock 
phosphate than organic acids. This may be explained by 
the fact that, when dissolving rock phosphate, mineral 
acids (sulfuric acid and hydrochloric acid) are better at 
releasing H+ ions that interact with phosphate ions (PO4

3-

), thereby increasing ore dissolution (1; 20). EDTA is a 
weak acid: its first acidity has a pKa1 equal to 1.99 and 
the second acidity has a pKa2 of 2.67. As a result, the 
amount of H+ protons produced by the acid is lower. In 
the literature, organic acids have been reported to 
dissolve apatites in weakly acidic media (Koriko et al., 
2010). The hexadentate ligand structure (with four (4) 
carboxyl groups and two amine groups): 
 
This suggests that EDTA's dissolution in low-
concentration solution is linked to the complexation of 
metal cations by the acid's conjugate base. This increases 
phosphate dissolution in this medium. Thus, EDTA has 
the semi-developed structure.  
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Table.1 Chemical products 

 

Products Formule Molar mass g/mol Density Purity Origin 

EDTA C10H16N2O8 292,24  - 99% - 
hydrochloric acid HCl 36,46 1,19 37% Prolabo-

Normapur 
Sulfuric acid H2SO4 98 1,84 95-98% Prolabo-

Normapur 
Double potassium 

antimony tartrate 

C4H4O6 K(SbO).0,5H2O 333,93 2,6  99% ACROS 
ORGANICS 

Ammonium 

molybdate 

(NH4)6Mo7O24.4H2O 1235,86  
- 

 ACROS 
ORGANICS 

Ascorbic acid C6H8O6 176,13  
- 

99,7% Prolabo-
Normapur 

Monopotassium 

phosphate 

KH2PO4 136,1  
- 

 
- 

 
- 

 

Table.2 Formulas for processing results 

 
 

Parameters 

 

Formuls  

 

 

Dissolved phosphorus concentration 
 

[P] = Phosphorus concentration in mg/L, 
d = Dilution factor  
A = Absorbance.  

 
 

 

 

 

 

Mass of dissolved phosphorus 

 

 =  

mP= Mass of dissolved phosphorus (in mg/g);  
[P] = Dissolved phosphorus concentration determined on 

calibration curve (in mg/L); 
V = Dissolution volume in mL (0.1 L) and 

S = Test sample weight in g (0.1g). 
Mass of dissolved phosphoric anhydride (P2O5)  = 2,29×  

Mass of dissolved phosphorus pentoxide (P2O5) in 
mg/g  

mP = Mass of dissolved phosphorus (in mg/g) 
percentage of dissolved P2O5 %P2O5 =  
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Table.3 P2O5 content of acids used 

 
Hours 0,01 mol/L 0, 1 mol/L 1 mol/L Nature of acid 

1 19,51%  26, 28% 30,88%  

 

 

HCl  

 

3 

 
19, 84% 

 
29,14% 

 
29,14% 

 

5  

 
20, 38% 

 
31,88%  

 
34, 87%  

 

1 

 
26,84% 

 
32,64%  

 
34,54%  

 

 

 

 

H2SO4 

 

3 

 
28, 97%  

 
34, 1% 

 
37, 24% 

 

5  

 
29,93%  

 
34, 94% 

 
38, 37%  

 

1 

 
14, 56%  

 
4, 63%  

 
0,98% 

 

 

 

EDTA  
 

3 

 
18, 6%  

 
5, 23% 

 
1, 3% 

 

5 

 
20, 1% 

 
6, 07% 

 
1, 97%  

 

Figure.1 Location of the Tahoua rock phosphate deposit 
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Figure.2 Tahoua rock phosphate powder studied. 
 

 
 

Figure.3 Comparison of the dissolution rate of mineral acid solutions with a concentration of 1 mol/L 
 

 
 

Figure.4 Comparison of dissolution rates of 0.1M mineral acid solutions. 
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Figure.5 Comparison of the dissolution rate of mineral acid solutions with a concentration of 0.01 mol/L. 
 

 
 

Figure.6 Comparison of dissolution rates of organic and mineral acid solutions as a function of concentrations at 1 
hour. 

 

 
 

Figure.7 Comparison of dissolution rates of organic and mineral acid solutions as a function of concentration at 3 
hours. 
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Figure.8 Comparison of the dissolution rate of organic and mineral acid solutions as a function of concentration at 5 hours. 
 

 
 

Figure.9 

 

 
 

Conclusion  

 
This work enabled us to assess the dissolution of Tahoua 
rock phosphate in solutions of hydrochloric acid, sulfuric 
acid (two mineral acids) and EDTA (an organic acid) at 
various concentrations and with different attack times. 
The filtrates collected were used to measure dissolved 
phosphorus. The level of dissolved phosphorus depends 
on the concentration of the acid used to dissolve the rock 
phosphate. The results show that, in the case of mineral 
acids, the dissolved phosphorus content, expressed as % 
P2O5 of Tahoua rock phosphate, increases with 
increasing acid concentration. 
 
The results of this study clearly show that the longer the 
attack time, the greater the dissolution. The best 
dissolution rates are obtained for an attack time of 5 
hours. The rate of dissolved phosphorus, in % P2O5, 
under these conditions is 38.37% for sulfuric acid and 
34.87% for hydrochloric acid. Under the same 
conditions, sulfuric acid dissolves Tahoua rock 
phosphate better than hydrochloric acid. In the case of 
EDTA, the best dissolution rate, 20.1%, is obtained at the 
lowest concentration of 10-2 mol/L. These results, in 
addition to those already obtained in previous work, can 
be exploited for the agronomic development of Tahoua 

rock phosphate through the production of phosphate 
fertilizers in order to reduce the use of imported 
fertilizers. Likewise, the State can support young local 
promoters in the valorization of Tahoua rock phosphate 
into natural fertilizer. 
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