



Study of the influence of some ions on the adsorption of phosphates by clay materials from Côte d’Ivoire
ABSTRACT

The eutrophication of water bodies resulting from discharges of industrial and domestic wastewater constitutes a major environmental problem. Indeed, eutrophication of aquatic environments, marked by the uncontrolled presence of aquatic plants on water bobies, has significant impacts on the properties of water, health of humans and fish, socio-economic activities, etc. To solve this environmental problem, several studies have revealed that eutrophication of aquatic environments can be treated by acting mainly on phosphorus, which is considered a limiting factor. Thus, the objective of this work is to study the removal of phosphates by adsorption on various clay materials, while examining the influence of the various ions contained in phosphorus environment. The clays studied were taken from several localities in Côte d’Ivoire. The clay fractions which were used for the tests were collected by sedimentation then chemically treated with Na+ and Mg2+ cations. These modified clays were brought into contact with synthetic phosphate solutions containing increasing quantities of H3O+, OH-; Na+, Mg2+, Cu2+ and Zn2+ ions. The results revealed that the presence of H3O+, Na+, Mg2+ and Zn2+ ions in solution facilitates the adsorption of phosphates. As for copper II ions (Cu2+), when their content is lower than the maximum accepted standard (7.874 μmol/L), adsorption of phosphates is favorable. However, beyond this value and in a basic environment, adsorption of phosphates by clays seems to be unfavorable. Thus, beyond water depollution, this study contributes to obtaining clays rich in phosphorus which could be used as agricultural fertilizers.
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1. INTRODUCTION
The various activities carried out by man on the natural environment considerably degrade the quality of the environment and generate large quantities of wastewater which is most often loaded with organic matter and nutrients (phosphorus and nitrogen, in particular) for plants [1]. This wastewater which is released into nature, often without adequate treatment, causes an imbalance in aquatic ecosystems and the eutrophication of water bodies [2-3]. This eutrophication is visible through the proliferation of algae, macrophytes, etc. on bodies of water. Due to its harmful effects on human health (malaria), aquatic fauna (fish mortality), the organoleptic quality of water, fishing, tourism, etc. eutrophication therefore constitutes a serious threat reducing water use and the quality of drinking water [1][3-6]. To deal with this pollution problem, various curative and preventive methods are applied to restore water bodies. However, certain curative techniques remain ineffective given the reappearance of aquatic plants shortly after their elimination. Studies related to preventive control have revealed that eutrophication can be treated by acting mainly on phosphorus which is considered a limiting factor [1-2]. Various techniques for treating phosphorus pollution in water exist [1][7-8]. This dephosphation of water is generally carried out by the precipitation of this chemical species using calcium salt, iron salt or aluminum salt which are very expensive chemicals [9]. As a result, the search for less expensive adsorbents arouses the interest of scientific work. This is how the fixation of phosphates by adsorption on supports based on natural or synthetic materials at lower cost and respecting the environment such as activated carbons, zeolites, clays and certain recycled or biomass materials, was developed [7][10]. In addition, magnesium ion (Mg2+), sodium ion (Na+), calcium ion (Ca2+), chloride (Cℓ-), copper ion (Cu2+), zinc ion (Zn2+), sulfate ion (SO42-), carbonate ion (HCO3-), etc. often present in wastewater or drinking water could influence the adsorption of the phosphates contained therein. In view of all the above, the objective of this work is to study the fixation of phosphates by adsorption on various clay materials from Côte d'Ivoire, while examining the influence of various ions (H30+, OH-, Na+, Mg2+, Zn2+, Cu2+, etc.) contained in phosphorus environment.
2. MATERIALS AND METHODS
2.1 Origin of the clays materials
The clay samples used in this study, respectively referenced ANY, KAT 2 and KOR [7][10], were taken from different localities of Côte d'Ivoire. ANY clay was taken from the locality of Anyama (5°31'29 North and 4°03'14 West) in the Autonomous District of Abidjan, in the south of Côte d'Ivoire. As for the KAT 2 clay, it was taken from the locality of Katiola (8°08'22 North and 5°37'42 West) located in the north-central part of Côte d'Ivoire. Concerning KOR clay, it was taken from the locality of Korhogo (9°27'28 North and 5°37'46 West) located in the north of Côte d'Ivoire. Fig. 1 shows images of the clay samples in their raw state.
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Fig.1. Images of ANY clay samples (a); KAT 2 (b) and KOR (c) [7] [11]
2.2. Mineralogical, textural and physicochemical characteristics

After collection, the clay samples were transported in nylon bags without prior treatment. The collected clay blocks were subsequently crushed, crumbled and dried in the shade for several weeks at room temperature (303 K). Their mineralogical, textural and physicochemical characteristics were determined by different techniques:
· X-ray fluorescence using a SPECTRO X – LabPro type X-ray fluorescence spectrometer (XRF) connected to a computer. This technique made it possible to determine the chemical elements constituting the clay samples.
· X-ray diffraction (XRD) using a BRUKER D8 ADVANCE type diffractometer operating at wavelength λ=1.7903 Å (cobalt Kα line).

· The BET method (Brunauer-Emmet and Teller) [7] for measuring the specific surface area.

· Sedimentation for particle size analysis of dried and crushed samples.

The theoretical proportions of the mineral phases were evaluated using the expression developed by Yvon et al. [12]:
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                                                                                                              Eq. 1
With: T(a): content (%) of element a in the material
Mi: content (%) of mineral i in the material
Pi(a): proportion of element a in mineral i.

2.3. Extraction of the fine clay fraction

Clay treatment is based on particle size separation techniques based on sedimentation. It makes it possible to obtain fine fractions of clay [4][13-14]. This process consisted of dispersing 20 g of finely ground and sieved clay at 100 µm in a sedimentation tube containing distilled water distributed over a height of 30 cm. In order to stabilize the suspension, the pH is gradually increased to 8.5 by moderate addition of a normal sodium hydroxide solution (1 N), followed by vigorous stirring using a magnetic stirrer for 4 hours. After stirring, the clay suspension is left to settle for 16 hours in order to separate different particle size fractions. At the end of the decantation where a deposit of large particles is observed at the bottom of the container, the upper 24 cm of the suspension (supernatant) are collected by siphoning. This supernatant containing the fine clay fraction is placed in a 2 L beaker and chemically activated by adding a normal solution of hydrochloric acid so as to obtain a pH around 5. The fine clay fraction is then flocculated and made sodium or magnesium homoionic thanks to two (2) successive treatments with sodium chloride NaCℓ or magnesium chloride MgCℓ2. To do this, 100 mL of a molar solution of sodium or magnesium chloride (1 M) is added to 1 L of the clay fraction of the beaker. This operation allows complete flocculation of the clay a few hours later (a deposit of clay is observed at the bottom of the container). The supernatant is then removed by siphoning. The clay is washed several times with distilled water, removing the chloride ion by separation using a centrifuge, until the rinse water test is negative for silver nitrate (removal of excess chloride ions). Finally, the homoionic clay sample is collected in vials. Part of each sample is dried in an oven at 40°C and the other part is kept cool. This treatment made it possible to obtain fine fractions of clay saturated with sodium or magnesium (modified clays).
The fine clay fractions treated with Na+ and Mg2+ cations were used as phosphate adsorbents. These modified clays are six in number (06) and denoted ANY-Na, ANY-Mg, KAT 2-Na, KAT 2-Mg, KOR-Na and KOR-Mg.

2.4. Determination of pH at the point of zero charge (pHPZC)

To determine the pHPZC, tests were carried out in accordance with the method proposed by Crini and Badot [15]; Lopez-Ramon et al. [16]. The method consisted of introducing approximately 100 mg of well-dried, crushed and sieved clay into solutions of sodium chloride NaCℓ at 0.1 mol/L, with a volume of 20 cm3 each. The solutions were prepared at different pH varying from 2 to 10 by adding a 0.1 N hydrochloric acid solution HCℓ or a 0.1 N sodium hydroxide solution NaOH. The suspensions obtained were stirred for 48 hours at room temperature (30°C). Then, they were centrifuged for 30 minutes at 4500 rpm. Then, the final pH of the supernatants was measured. On the same graph, the curve pHfinal = f (pHinitial) and the first bisector (curve pHinitial = f (pHinitial)) were plotted. The pH at the point of zero charge (pHPZC) is the pH intercept of the two plotted curves [16][17][18].
2.5. Adsorption tests

The experimental method used is theA closed reactor technique (batch system). For each experiment, 40 mg of modified clay is placed in contact with a synthetic phosphate solution at 5 mg/L containing variable quantities of metal cations which are Na+, Mg2+, Cu2+ and Zn2+. These added ions come respectively from sodium chloride (NaCℓ), magnesium chloride (MgCℓ2), copper sulfate (CuSO4) and zinc sulfate (ZnSO4). The clay/synthetic solution mixtures were stirred for 2 hours at room temperature (303 K).

To evaluate the influence of the pH of the medium on adsorption, the tests were carried out by varying the pH of the synthetic phosphate solutions (from 2 to 10) by adding a decimolar solution of hydrochloric acid HCℓ or sodium hydroxide NaOH.

The synthetic solution was prepared by diluting 100 times a stock solution, itself obtained by dissolving 0.358 g of potassium dihydrogen phosphate in 500 mL of distilled water (500 mg/L solution in PO43-). Solid potassium dihydrogen phosphate (KH2PO4), with a molar mass of 136.08 g/mol, was supplied by Merck.
At the end of stirring the clay/synthetic phosphate solution mixtures, the solid phases were separated from the liquid phases by centrifugation for 30 minutes at 4500 rpm using an EBA 200 type centrifuge. The liquid phases collected were analyzed with a HACH LANGE DR 3900 type spectrophotometer, at a wavelength of 880 nm in order to determine the residual phosphate concentration. A previously drawn calibration curve served as a reference.
The removal efficiency (R) was determined using the following expression:
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                                                                                                         Eq. 2
Where C0 is the initial concentration of the phosphate solution (mg/L) and Ce is the concentration of the phosphate solution at equilibrium (mg/L).

3. RESULTS AND DISCUSSION
3.1. Mineralogical. textural and physicochemical characteristics of clay samples
The results of the elemental chemical analysis of the raw clays are presented in Table I. The data are expressed as mass percentage of oxide.
Table 1. Composition of major elements of the samples studied (expressed in % by mass of oxide)

	sample
	SiO2
	Al2O3
	Fe2O3
	K2O
	MgO
	TiO2
	Na2O
	MnO
	CaO
	loss on fire

	ANY
	44.90
	16.77
	7.59
	2.53
	3.06
	0.94
	0.30
	0.06
	0.02
	5.86

	KAT 2
	34.31
	14.59
	7.94
	1.77
	1.47
	0.89
	0.36
	0.03
	0.46
	5.70

	KOR
	35.31
	20.71
	8.22
	0.33
	0.23
	1.52
	0.13
	0.04
	0.12
	11.44


The data in Table I reveals that each clay sample contains relatively large amounts of silica SiO2, alumina Aℓ2O3 and ferric oxide Fe2O3. The relatively high contents of these major oxides indicate that the levels of phyllosilicate minerals and quartz would be high in these clays studied. 

Analysis of the samples by X-ray diffraction made it possible to obtain the spectra in Fig. 2.
[image: image6.jpg]Irel
1000

800

600 Q

400

K
Q K
200 K G R
K N - . § !

>

1000

300 b

600

400

2004

1000

800 1 Q

600

400

200

T T T T T T T
5.00 10.00 15.00 20.00 2500 3000 35.00 40.00 45.00 50.00 55.00

Co-Ka (1.790300 A)

C : chiorite ; I : illite ; S : smectites ; K : Kaolinite ; G : goethite ; R : rutile ; Q : quartz





Fig. 2. X-ray diffraction of ANY clays (a); KAT 2 (b) and KOR (c).

The spectrum in Fig. 2a shows that the ANY sample consists of chlorite, illite, smectites, goethite, quartz and rutile. Concerning the spectrum in Fig. 2b, it reveals that the KAT 2 sample contains smectites, illite, kaolinite, rutile and quartz. Finally, the spectrum in Fig. 2c shows that KOR clay consists of kaolinite, illite, goethite, quartz and rutile. Table 2 presents some physicochemical characteristics of raw clays. 

Table 2. Proportion of mineral phases and specific surface area of clay samples in their natural state
	
	ANY
	KAT 2
	KOR

	Mineral phases and theoretical proportions
	Chlorite (23.54 %) 

Illite (21.44 %) 

Smectites (12.54 %) 

Goethite (8.44 %) 

Quartz (25.69 %) 

Rutile (1.00 %)
	Kaolinite (22.35 %) 

Illite (15 %) 

Smectites (20.90 %) 

Quartz (17.14 %)

Rutile (1.00 %)
	Kaolinite (49.71 %)

Illite (2.80 %)

Goethite (9.14 %)

Quartz (10.93 %) Rutile (1.52 %)

	specific surface 
area (m2/g)
	40.17
	40.61
	40.45


The results in Table 2 reveal that the samples studied are made up of various mineral phases and that the mineralogical percentages differ from one sample to another. Overall, the minerals identified are chlorite, illite, kaolinite, smectites, goethite, rutile and quartz. The analyzes also show that the clays studied have relatively large specific surface areas (value ˃ 40 m2/g), favorable characteristics for adsorption studies [19]. 

3.2. pH at the point of zero charge (pHPZC)

The study of the pH at the point of zero charge of ANY, KAT 2 and KOR clays made it possible to obtain the curves in Fig. 3.
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Fig. 3. Effect of the pH of the sodium chloride solution on the clays studied 

The results show that the pHPZC values are 4.00, respectively; 6.25 and 6.30 for ANY, KAT2 and KOR. These pHPZC values reveal that the clays studied have different surface charge characteristics [20]. In fact, below the pHPZC value, the clays studied will have positively charged surfaces due to the protonation of surface hydroxyls (OH). Above the pHPZC value, the surfaces of these clays will be negatively charged due to the deprotonation of surface hydroxyls [21]. Finally, at the pHPZC point of zero charge, the clay surfaces will be neutral. 
3.3. Adsorption of phosphates in the presence of H3O+, OH-, Na+, Mg2+, Cu2+ and Zn2+ ions

3.3.1. Effect of pH of the medium
The results obtained during tests relating to the influence of the pH of the medium on the adsorption of phosphates are presented in Fig. 4 and Fig. 5.
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Fig. 4. Effect of medium pH on phosphorus removal efficiency: case of sodium samples 

Between pH = 2 and pH = 6, the curves of the KAT2-Na and KOR-Na samples show an increase in the dephosphation efficiency then a drop in this yield is observed when the pH > 6. Concerning the ANY-Na sample, its dephosphation increases between pH = 2 and pH = 4; followed by stabilization between pH = 4 and pH = 7; then a drop in this efficiency takes place from pH > 7. Overall, the dephosphatation efficiency seems to reach its maximum around pH = 6 with values which are 67.34 %, 61.25 % and 33.33 % respectively for the ANY-Na, KOR-Na and KAT2-Na samples.
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Fig. 5. Effect of medium pH on phosphorus removal efficiency: case of magnesium samples

Except for the curve for the ANY-Mg sample, the other curves in Fig. 5 show that the dephosphation efficiency evolves by distinguishing three phases. The first phase where the pH is between 2 and 6, the phosphorus removal efficiency increases. At the level of the second phase where the pH is between 6 and 8, a stabilization of this efficiency is observed. For the third phase where the pH > 8, the adsorption efficiency decreases. The dephosphation efficiency seems to reach its maximum around pH = 7 with values which are 83.74 % and 63.21% respectively for the KOR-Mg and KAT2-Mg samples. Concerning the ANY-Mg sample, its adsorption efficiency increases between pH=2 and pH=4 then a drop in this efficiency is observed when the pH > 4. The maximum dephosphation efficiency of the ANY-Mg sample (88.63 %) is obtained around pH = 4.

3.3.2. Study of the effect of adding Na+ and Mg2+ ions

The study of the effect of the addition (additional addition) of Na+ and Mg2+ ions to the synthetic phosphate solution is shown in Fig. 6 and Fig. 7.
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Fig. 6. Effect of the addition (additional addition) of Na+ ions on phosphorus removal
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Fig. 7. Effect of the addition (additional addition) of Mg2+ ions on phosphorus removal

The curves in Fig. 6 and Fig. 7 present two phases. The first phase where the contents of Na+ and Mg2+ ions in solution are less than 0.01 mol/L, the dephosphation efficiency increases sharply with the content of the added ions and reaches 58.32 % for KAT2-Na, 77.18 % for ANY-Na, 78.82 % for KOR-Na, 77 % for KAT2-Mg, 92.01 % for ANY-Mg and 94.89% for KOR-Mg. Concerning the second phase where the contents of Na+ and Mg2+ ions are greater than 0.01 mol/L, the curves of the ANY-Na, KOR-Na, ANY-Mg, KAT2-Mg and KOR-Mg samples show a very small increase in the dephosphation efficiency marked by the pseudo-levels observed. On the other hand, the curve of the KAT2-Na sample shows that the dephosphation continues in a moderate manner. Its adsorption efficiency reaches 81.17 % when [Na+] is 0.1 mol/L.
3.3.3. Study of the effect of adding Zn2+ ions

The study of the effect of the presence of Zn2+ ions in solution on the adsorption of phosphate is shown in Fig. 8. The curves in Fig. 8 relating to the study of the influence of Zn2+ ions in solution on the phosphate removal efficiency also present two phases. The first phase where [Zn2+] < 0.01 mol/L, the dephosphation efficiency increases sharply with the concentration of Zn2+ ions in solution and reaches 69.55 % for KOR-Na, 71.87 % for KAT2-Na, 72.19 % for ANY-Na, 53.26 % for ANY-Mg, 65.74 % for KAT2-Mg and 76.93 % for KOR-Mg. Concerning the second phase where [Zn2+] > 0.01 mol/L, the curve of the KOR-Na sample shows a very small increase in the dephosphation efficiency through the observation of pseudo-level. In this part, the sample curves show a drop in phosphorus removal efficiency of approximately 5 % for ANY-Na, 11 % for KOR-Mg, 14 % for KAT2-Na and 15 % for KAT2-Mg.

[image: image12.jpg]—4—ANY-Na

~4~KAT2-Na

—8—KOR-Na

[Zn**] (mol/L)

a
100
S
'5.
=
2
2 60
g
=
.Q
40
-
2
<20
0+ + + + + + {
0 002 004 006 008 01 0.12
[Zn?*] (mol/L)
——-ANY-Mg —4-KAT2-Mg -—#-KOR-Mg b
100 T
=
£ s
g
2 60 1)
g
£
£ 40
=
i
<20
0 } } } } } |
0 0.02 004 006 008 01 012





Fig. 8. Effect of Zn2+ ions in solution on the phosphorus removal efficiency.

a) case of sodium samples; b) case of magnesium samples.

As for the ANY-Mg sample, its curve shows an increase in the phosphate adsorption efficiency up to [Zn2+] = 0.05 mol/L where the adsorption efficiency reaches its maximum. Beyond [Zn2+] = 0.05 mol/L, the curve for the ANY-Mg sample shows a drop in phosphate removal efficiency. 

3.3.4. Study of the effect of adding Cu2+ ions

The study of the effect of the presence of Cu2+ ions in solution on the adsorption of phosphates is shown in Fig. 9.
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Fig. 9. Effect of Cu2+ ions in solution on phosphorus removal efficiency. 

a) case of sodium samples; b) case of magnesium samples 

The curves in Fig. 9 relating to the study of the influence of Cu2+ ions on the dephosphation efficiency also present two phases. The first phase where [Cu2+] < 5.10-3 mol/L, an increase in the dephosphation efficiency with the concentration of Cu2+ ions in solution is observed. The fixation of phosphates by clays reaches its maximum around [Cu2+] = 5.10-3 mol/L with a efficiency of approximately 67.56 % for KAT2-Na, 79.50 % for KOR-Na, 82.75 % for ANY-Na, 74.44 % for ANY-Mg, 77.93 % for KAT2-Mg and 84.28 % for KOR-Mg.

Concerning the second phase where [Cu2+] > 5.10-3 mol/L, a sharp drop in the phosphorus removal efficiency occurs for all samples. When the concentration of Cu2+ ions is 5.10-2 mol/L, the phosphate adsorption efficiency is approximately 9.84 % for KAT2-Na, 17.50 % for KOR-Na, 21.96 % for ANY-Na, 14.15 % for ANY-Mg, 17.61 % for KAT2-Mg and 26.88 % for KOR-Mg. 

3.3.5. Study of the effect of the simultaneous addition of Na+, Mg2+, Zn2+ and Cu2+ ions

The study of the effect of the simultaneous presence of Na+, Mg2+, Zn2+ and Cu2+ ions in solution on the adsorption of phosphates is shown in Fig. 10.
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Fig. 10. Effect of the simultaneous presence of Cu2+, Zn2+, Na+ and Mg2+ ions in solution on adsorption. a) case of sodium samples; b) case of magnesium samples. 
The curves in Fig. 10 have the same appearance as those in Fig. 9. When the concentration of the mixture (Cm) is less than 5.10-3 mol/L, the phosphate adsorption efficiency increases with the concentration of the added cations. The adsorption of phosphates reaches its maximum around 5.10-3 mol/L with a efficiency of approximately 36.65 % for KAT2-Na, 56.15 % for KOR-Na, 59.64 % for ANY-Na, 45.53 % for KAT2-Mg and 47.02 % for ANY-Mg. For the KOR-Mg sample, the maximum adsorption of phosphates is obtained around 10-2 mol/L with a efficiency of 51.19 %. Above the concentration Cm = 5.10-3 mol/L, the phosphorus removal efficiency decreases. When the concentration of the mixture Cm is 5.10-2 mol/L, the adsorption efficiency is approximately 5.70 % for KOR-Na, 13.98 % for ANY-Na, 14.69 % for KAT2-Na, 4.10 % for KOR-Mg, 9.63 % for KAT2-Mg and 15.47 % for ANY-Mg.

DISCUSSION
The mineralogical analysis revealed the presence of various mineral phases in the clays studied with varying proportions from one sample to another. Mineral phases such as kaolinite, illite, chlorite, smectites and goethite which have been identified, seem to show that the samples studied can be materials able to remove phosphates. Indeed, the work of Coulibaly et al. [22] showed that geomaterials such as laterites, sandstone and shales which contained these same clay minerals were able to remove phosphates present in wastewater. For its part, Kedi et al. [23] observed good removal of phosphate and nitrates contained in the discharge effluents of an Integrated Agricultural Unit, by treating this wastewater with clays. The clays used consisted of kaolinite, illite, chlorite and smectites. These authors revealed that clay minerals allowed the samples used to be materials able to treat phosphate in water pollution. Furthermore, the iron oxyhydroxide identified (goethite) could significantly improve the adsorption capacity of ANY and KOR samples. Indeed, goethite contains ferric ions Fe3+ which have a very high affinity towards phosphate ions [24-25]. Furthermore, the alumina Aℓ2O3, the ferric oxide Fe2O3 and the calcium oxide CaO present in these samples, respectively contain aluminum, iron and calcium which are also present in the chemicals generally used to precipitate phosphorus [1][26-27]. The physicochemical characterization results show that the clays studied can be used to adsorb phosphates.
The pH study revealed phases of increase, stabilization and decrease in phosphate adsorption efficiency. These observations could be due to the characteristics of the surface charges which were revealed by the pH of the zero charge point pHPZC. Indeed, below the pHPZC, the surface of the clays is positively charged because of the abundant ≡Si-OH2+ and ≡Aℓ-OH2+ border sites [7]. These sites have a high affinity for phosphorus [28]. They would promote the electrostatic attraction of phosphate ions gradually put into solution from pH > 2 [3]. Hence the increase in the adsorption rate. Above the pHPZC, the surface of the clays is negatively charged because of the ≡Si-O- and ≡Aℓ-O- border sites which gradually appear [14]. These sites will induce an electrostatic repulsion between the clay surface and the phosphate anions HPO42- and H2PO4-, a release of phosphates retained by the clay (desorption of phosphates) on the one hand, and on the other hand, the hydroxide ions OH- would compete with the phosphates in occupying the adsorption sites [25]. The pH of the medium therefore influences the adsorption of phosphate ions. In a medium rich in hydronium H3O+ ions, the adsorption of phosphates is favored. On the other hand, in an environment rich in OH- hydroxide ions, dephosphation is disadvantaged. At the pH of the point of zero charge, the adsorption of phosphates is maximum.

Concerning the study of adsorption in the presence of cations (Na+, Mg2+, Zn2+ and Cu2+), the phase of increase in the dephosphatation efficiency when the contents of metal cations in solution are less than 5.10-3 and 10-2 mol/L shows that the presence of certain ions in a phosphorous medium seems to favor the removal of phosphates. Phosphate removal would be facilitated by these ions. Indeed, the fixation of these ions on the clay increases the quantity of positive charges on the adsorbent surface by creating cationic bridges. These bridges would have increased the quantity of adsorption sites for phosphates, and therefore the adsorption rate. Previous studies by Soltner [29] and Dubus [30] yielded similar results. Thus, the presence of Na+, Mg2+, Zn2+ and Cu2+ ions (in low content) in a phosphorous medium seems to contribute to improving the adsorption capacity without hindering the clay-phosphate interaction. However, in a phosphorous medium where the copper content is well above the maximum dose of 0.5 mg/L (i.e. 7.874 μmol/L) [23], the adsorption of phosphates by clay would be disadvantaged. The interaction between clay and copper appears to be more significant compared to the clay-phosphate interaction. This observation could be explained by the fact that copper ions (Cu2+) introduced in excess would compete with phosphate anions in occupying the available active sites on the one hand, and on the other hand, clays have the capacity to adsorb any ions and fix them in a form that can subsequently be exchanged [31]; which suggests that a more or less significant release of adsorbed phosphates occurs in solution (desorption of phosphates retained by the clay). Hence the drop in phosphorus removal efficiency. The preferential adsorption of copper can be justified using the work of Djelloul et al. [32]; Chouchane et al. [33]; Brachemi-Meftah and Hebbar [34] who focused on the adsorption of copper Cu (II) in solution on raw and activated clays. These authors revealed that clay supports are good adsorbents for the removal of copper Cu (II) in a solution. The copper could behave as an exchangeable cation and complex with functional groups on the surface of the clay [35].

4. CONCLUSION 
This work aimed to treat phosphorus pollution by adsorption of phosphates on various clay materials from Côte d’Ivoire. Three clays collected in different localities of Côte d’Ivoire were the subject of this study. It is the fine fractions of these clays extracted and treated with sodium and magnesium which were used to carry out the adsorption of phosphates. The influence of the pH of the solutions and the presence of additional ions (Na+, Mg2+, Zn2+ and Cu2+) were examined. The results of the experiments revealed that the presence of Na+, Mg2+, Zn2+ and Cu2+ ions (in low content) in a phosphorous medium facilitates dephosphation by clays. It is the same in a medium rich in hydronium H3O+ ions. On the other hand, dephosphation by clays seems to be disadvantaged in phosphorus media containing copper whose content is higher than the maximum dose. Dephosphation is also disadvantaged in an environment rich in hydroxide ions (OH-). This work therefore contributes to water treatment for better quality of water resources. Thus, it is envisaged to treat natural waters loaded with phosphorus using the clays studied and the operating conditions determined. The clay sludge obtained after the adsorption of phosphates can be used as fertilizer in the agricultural sector.
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