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Abstract: This study is a contribution to the valorization of local clays in wastewater 

treatment by adsorption.  Two clays, one noted AG-Kor from Korhogo in the North 

andthe other AG-Ya from Yaou in the South of Côte d'Ivoire were subjected to 

physico-chemical and mineralogical characterization to determine their properties.  

The results of the chemical analyses by ICP and X-ray diffraction showed that the 

samples are mainly composed of kaolinite (47.15% for AG-Kor and 21.53% for AG-

Ya) and quartz (25.07% for AG-Kor and 49.71% for AG-Ya), with associated iron 

compounds of 8.9% for AG-Kor and 6.3% for AG-Ya, respectively. The particle size 

determined by the DLS method revealed that the samples were fine, with an average 

particle size of 0.5132 μm for AG-Kor and 0.7272 μm for AG-Ya with around 72% 

micropores. As for the specific surface area evaluated by the BET method, tests 

revealed quite large specific surfaces for both samples with 42.04 and 33.68 m2/g 

respectively for AG-Kor and AG-Ya. All these results show that both samples have 

good chemical reactivity and can therefore be used as adsorbents in wastewater 

treatment.                                                                                                                          

 

1. Introduction 

 Environmental pollution is one of the major development problems. Indeed, human activities 

impact the environment through different forms of pollution that affect several essential environments 

of life including air, water and soil. Water, an indispensable element for life, is contaminated by 

pollutants that alter its composition and degrade its quality, which makes its use risky for humans and 

the ecosystem. These pollutants come from a variety of sources, the main ones being transport, 

industry and agriculture, affect both surface water and groundwater, thus compromising their 

availability and health (Abbès, 2017).                                                                                                                                 

Several treatment processes for decontamination exist but are very expensive for developing 

countries and show their limits because they are often faced with species poorly biodegradable or 
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refractory to chemical oxidants (O3, Cl2,…) and may induce secondary or parasitic reactions (Rodier, 

2005; Razzouki et al., 2015, Azzaoui et al., 2024). These techniques include electrochemical 

processing, membrane filtration technology, etc. Other less treatment techniques such as adsorption 

are being developed. Adsorption is a physical or chemical phenomenon by which molecules present 

in a liquid or gaseous effluent bind to the surface of a solid. This process uses adsorbents such as 

activated carbons (Balogoun et al., 2015;  Jebahi et al., 2022), zeolites (Ünnü  et al., 2016;  Rache et 

al., 2014) silica gels (Martinez et al., 2007) and clays (Bel Hadjltaief et al., 2014;  Ayari  et al., 2004 ; 

Akartasse et al., 2022). The performance and efficiency of the adsorption technique are largely related 

to the nature of the adsorbent, its cost, its abundance and its regeneration. As a result, the search for 

less expensive, readily available, easily usable and effective adsorbents has directed researchers to 

natural materials such as clays. Clays are exceptional nanoparticles due to their reactivity and 

abundance. Their nanometric size and leaf-like structure give them a specific surface area that enables 

them to effectively retain many pollutants, whether they are of natural or anthropogenic origin 

(Bensid, 2016; Jodeh et al., 2018; Hamed et al., 2019; Deghles, et al., 2019).                                                                                                        

Côte d'Ivoire is full of many clayey and lateritic materials that are increasingly valued in 

several fields including Compressed Earth Bricks, bioplastics and in the depollution of contaminated 

water with quite satisfactory results  (Kouadio et al., 2024;  Kouamé et al. 2021;  Méité et al., 2021). 

In view of their abundance and the fairly satisfactory results obtained from previous studies, two local 

clays will be the subject of this study with a view to their valorization in waste water treatment.                                                                                                                                                    

2. Raw materials and experimental techniques 

2.1 Clay samples 

The clay samples used in this work were collected from two towns (Korhogo and Yaou) in 

Côte d'Ivoire. The sample designated AG-Kor was taken in the town of Korhogo in the northern 

region of the country, at coordinates 9°26.930' N and -5°-38.936' E. This clay is a reddish colour 

(Figure 1a).  The second yellowish sample (Figure 1b), marked AG-Ya, comes from the town of 

Yaou in South-Eastern part of Côte d'Ivoire, at coordinates 08°08.42'N and 005°06.125'O.                                            

 

Figure 1. Clay samples: (a) AG-Kor ; (b) AG-Ya 

Before carrying out the various characterization tests, samples were dried in the sun for three 

days to reduce humidity and then crushed with a porcelain mortar. The powder obtained was then 

sieved using a 100 µm mesh sieve (SAULAS ISO 3310) and stored in hermetic jars. 

https://dspace.pass.ps/browse?type=author&value=Deghles%2C+Abdalhadi
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2.2 Experimental techniques 

      This paragraph summarizes all the experimental techniques used to evaluate the physico-

chemical and mineralogical properties of the two samples, properties which are essential before any 

prospect of adding value to these raw materials.                                                                                                             

The particle size and zeta potential of the samples were determined by the DLS (Dynamic 

Light Scarttering) method. The Zetasizer Nano ZS type device (Malvern, Zetasizer nano S90) was 

used for the different measurements. The average particle size was taken from a total of 15 

measurements at 25°C for each sample.                                                                                                                                

The Brunauer, Emmett and Teller (BET) method was used to characterize the texture of 

powdered solids. To do this, the samples were degassed in a vacuum at 200°C for 4 hours. Next, an 

automated volumetric nitrogen adsorption apparatus type TMAXCN (TMAX-BSD-PM2) using 

nitrogen multilayer adsorption at 77 K was used to perform the measurements.                                                     

The elemental chemical composition of the clays was determined by Inductively Coupled 

Plasma-Atomic Emission Spectrometry (ICP-AES) using a Thermo Fisher-type spectrometer using 

an argon plasma (10,000 K).                                                                                                                                     

X-ray diffraction (XRD) was used to identify the crystalline phases of clays. The 

diffractometer used is Bruker D8 Advance x-ray θ/2θ with Cu-Kα radiation (λ = 1.542 Å).                                                   

The quantitative mineralogical composition was obtained from the results of chemical 

composition determined by ICP and qualitative mineralogical composition revealed by XRD.  To do 

this, the following equation 1 is applied:                                                                                                                

T(a) = ∑ 𝑀𝑖 x Pi(a)         Eqn.1 

With:                                                                                                                                                             

T(a): Content (%) of the element a in the material,                                                                                   

Mi: Content (%) of mineral i in the material,                                                                                             

Pi(a): Proportion of the element a in mineral i.                                                                                           

Infrared spectra of the samples were obtained using a Fourier Transform Infrared (FTIR) 

spectrometer (Nicolet 6700 / Smart iTR) coupled with an ATR (Single Reflection Attenuated Total 

Reflectance) device equipped with a diamond crystal (Type IIa Diamond, 45°, 2 mm × 2 mm, 

penetration depth of 2.0 µm). 

Scanning electron microscopy coupled with X-ray energy dispersive analysis (SEM-EDX) 

was used to observe the surface of adsorbents in order to see the state of their surfaces and to highlight 

the main chemical elements present on their surfaces.  The tests were carried out using a Tescan 

LYRA 3 XMH electron microscope equipped with an energy-dispersive (EDX) QUANTAX 

Compact X-ray detector (X-Flash 6160).                                                                                                                            

The thermal behaviour of the samples was studied using TA Instruments® TGA (Q500)/ 

Discovery® MS under a constant air flow of 90 ml/min, from 30 to 900°C with a temperature rise 

rate of 5°C/min.                                                                                                                                                                                                                                                                                    

3. Results and Discussion 

The average particle size and zeta potential values of the two clay samples, AG-Kor and AG-Ya, 

are presented in Table 1.                                                                                                                           
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Table 1. Average particle size and zeta potential of adsorbents 

Properties Adsorbents 

AG-Kor AG-Ya 

Average particle size (µm) 0,5132 0,7272 

Zeta Potential (mV) -16,7 -19,62 

The particle size results show that both samples are fine, with an average particle size of 

less than 1µm. This fine particle size predicts the presence of large quantities of clay minerals in 

these two samples. The zeta potential values of -16.7 mV for AG-Kor and -19.62 mV for AG-

Ya show that the samples have an overall negative surface charge, which can be explained by 

the negative charges on the clay mineral sheets. In general, dispersion stability d e p e n d s  of 

charge amplitude, not sign. The charge amplitudes of the AG-Kor (16.7 mV) and AG-Ya (19.62 

mV) samples are between 10 and 20 mV. For such dispersions, stability is said to be limited, and 

coagulation is likely to occur due to the forces of inter-particle attraction dominating over the 

forces of repulsion.                                                                                                                             

The specific surface area values of AG-Kor and AG-Ya clays determined by the BET method 

are 42.04 and 33.68 m2/g, respectively. These high values could be explained by the fineness of the 

samples according to the granulometry results which showed an average particle size of less than 

1μm. Indeed, the particle size of a soil is a key factor that influences the specific surface area, so the 

finer the soil, the larger its specific surface area (Feller et al., 1992). In addition, the surface areas 

obtained are larger than those of kaolinitic clays, generally between 10 and 30 m2/g, which may 

suggest, on the one hand, the presence of other clay minerals such as illite and, on the other hand, the 

presence of iron compounds that could contribute to the increase in the specific surface area (Sei et 

al., 2002; Soro, 2003). As for the volume of the micropores of 0.015 and 0.012 cm3/g respectively 

for AG-Kor and AG-Ya, it is of the same order as that of the kaolinite minerals (0.01-0.05 cm3/g). 

All these textural properties show that these two samples AG-Kor and AG-Ya will have a good 

chemical reactivity and therefore can be used in the adsorption of pollutants.                                                                                                          

Table 2. Textural properties 

Properties Adsorbents 

AG-Kor AG-Ya 

Specific Surface area BET (m2/g) 42.04 33.68 

Micropore volume (cm3/g) 0.015 0.012 

Microporosity percentage (%) 72.95 72.12 

 

The chemical composition of the clays is recorded in Table 3. The results obtained indicate 

that both clay samples are essentially composed of silicon oxide (SiO2), aluminum (Al2O3) and iron 

(Fe2O3). These two clays can therefore be classified in the group of aluminosilicates because of the 

high content of silicon oxide and aluminum (Manouan et al., 2024). The SiO2/Al2O3 ratio of 2.51 for 

AG-Kor and 5.84 for AG-Ya is higher than that of pure kaolinite, which is generally between 1 and 

2. Therefore, this difference could be explained by the presence of free silica potentially in the form 
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of quartz in the clay fraction (Qlihaa et al., 2016). The higher value for AG-Ya would indicate an 

excess of silica in this sample. In addition to major oxides, both samples contain potassium oxides 

(K2O) and rutile (TiO2) in small quantities. Loss on ignition values of 20.54% and 13.97% for AG-

Kor and AG-Ya respectively are relatively high and may be attributed to dehydroxylation of clay 

minerals and/or decomposition of organic matter present in these samples.                                                                                                    

Table 3. Chemical composition of clays (in % by mass) 

Samples SiO2 Al2O3 K2O CaO Ti2O Fe2O3 SiO2/Al2O3 PF 

AG-Kor 49.47 19.72 0.42 - 0.95 8.90 2.51 20.54 

AG-Ya 66.01 11.30 1.08 0.04 1.30 6.29 5.84 13.97 

 

X-ray diffraction (XRD) analyses have identified the main crystalline phases. Figure 2 shows 

the diffractograms of the AG-Kor and AG-Ya clays. A superposition of the peaks on the 2 

diffractograms is observed, which highlights a similarity between these two clays. Indexing of the 

diffractograms reveals that AG-Kor and AG-Ya are composed of kaolinite (Al2Si2O5(OH)4) and illite 

(KAl2(Si3Al)O10(OH)2) as clay minerals, associated with quartz (SiO2), iron compounds (goethite (α-   

FeOOH) and hematite (α-Fe2O3)) and rutile (TiO2).                                                                                 
 

 

Figure 2. X-ray diffractograms of AG-Kor and AG-Ya 

These results of ray diffraction and those of chemical composition, were used to estimate the 

semi-quantitative mineralogical composition presented in Table 4.       

Table 4. Semi-quantitative mineralogical composition 

Samples Kaolinite  Illite Quartz  Rutile  Hématite+ Goethite  Total 

AG-Kor 47.15 4.57 25.07 0.95 8.9 86.64 

AG-Ya 21.53 11.74 49.71 1.3 6.3 90.58 

R
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The results show the predominance of clay minerals (kaolinite and illite) with 51.72% for AG-

Kor and 33.27% for AG-Ya, along with quartz, representing 25.07% and 49.71% in AG-Kor and AG-

Ya, respectively. In addition, a moderate amount of iron compounds (hematite and goethite) is also 

present. The colour observed for each sample is related to the oxidation state of the iron it contains. 

The red and yellow colours observed in AG-Kor and AG-Ya, respectively, indicate the presence of 

oxidized iron (Fe III) (Coulibaly et al., 2014). The reddish color of the AG-Kor sample is due to its 

higher content of iron compounds compared to AG-Ya.                                                                                       

Differential Thermal and Thermogravimetric Analyses (DTA/TGA) of the samples were 

conducted to understand their thermal behavior and transformations over a temperature range from 

30 to 900 °C. Figure 3 shows the thermogram of the samples. On the different thermograms, 4 zones 

can be identified:                                                                                                                                                    

- Zone 1 (30-130 °C): both samples undergo hygroscopic water departure. This loss of water leads to 

a decrease in mass of about 1% for the AG-Kor sample and 1.50% for AG-Ya. This endothermic 

phenomenon does not cause any modification to the crystalline structure of the material (Sei et al., 

2002).                                                                                                                                                         

- Zone 2 (130–330 °C) : The thermograms of AG-Kor and AG-Ya show an endothermic peak 

around 300 °C. This phenomenon is accompanied by a mass loss of 0.97% for AG-Kor and 1.40% 

for AG-Ya, and is generally attributed to the dehydroxylation of goethite into hematite, as described 

by Equation 2 below (Farmer and Russell, 1964) : 
  

2FeOOH → Fe2O3 + H2O                      Eqn. 2 

- Zone 3 (330–630 °C): An endothermic peak is observed at 502 °C on the thermogram of AG-Kor, 

accompanied by a mass loss of 10.15%, while for AG-Ya the peak appears at 480 °C with a mass 

loss of 4.26%. This endothermic phenomenon can be primarily attributed to the dehydroxylation 

of kaolinite (Doubi, 2013). Indeed, during this dehydroxylation reaction, the structural hydroxyls 

are removed from the kaolinite and leads to the formation of an amorphous phase called 

metakaolinite (Bellotto et al., 1995; Chen et al., 2000). The decomposition temperature is related 

to the experimental conditions and the origin of the material (Gniewek, 1987). The overall 

dehydroxylation reaction is given by Equation 3 (Gridi-Bennadji, 2007).  

Al2Si2O5(OH)4 → Al2O3, 2SiO2 + 2H2O     Eqn.3       

The significant difference observed between the values of mass losses would be due to the 

proportion of kaolinite as revealed by the XRD (21.53% for AG-Ya and 47.15% for AG-Kor). For 

the same sample mass, the proportion of kaolinite in AG-Kor is almost double that of AG-Ya.                                         

- Zone 4 (above 630 °C): The mass of both samples remains almost unchanged, stabilizing at 86.88% 

for AG-Kor and 91.97% for AG-Ya. This indicates the mass stability of both samples in this temperature 

range. 

The results of the complementary analysis by infrared spectroscopy are shown in Figure 4. 

The combined IR spectra of the two samples exhibit the same absorption bands, similar to those 

typically observed in clay raw materials. The infrared spectra show the presence of vibration bands 

at 3695 cm⁻¹ and 3620 cm⁻¹, which can be attributed to hydroxyl (OH) groups of kaolinite (Seynou, 

2009; Sorgho, 2013). The band at 3620 cm⁻¹ is also characteristic of the OH⁻ group in illites (Kouamé 

et al., 2021). The band observed at 3695 cm⁻¹ is attributed to the vibrations of external hydroxyl 

groups of the kaolinite (Saikia and Parthasarathy, 2010). However, the one observed at 3620 cm-1 

corresponds to    the hydroxyl groups internal to the sheets (Sorgho, 2013).        
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Figure 3. DTG/DTA thermograms of AG-Kor and AG-Ya 

                                                                   

 

Figure 4. Infrared spectra of AG-Kor and AG-Ya 

The band at 1635 cm-1 is attributed to the deformation vibrations of the water molecules 

adsorbed between the sheets (δH2O) (Abbès, 2017). Subsequently, the bands around 1110 and 1002 

cm⁻¹ are attributed to the stretching vibrations of the Si–O–Si bonds in kaolinite and illite, 

respectively, and to the Si–O bond vibrations in kaolinite (Saikia and Parthasarathy, 2010). As for the 

band at 907 cm-1, it corresponds to the deformation vibrations of the Al-OH bonds in the kaolinite 

(Bich et al., 2009).                                                                                

Finally, the presence of quartz in both samples is evidenced by the band at 780 cm⁻¹. All the 

results are in agreement with those from X-ray diffraction, which showed that AG-Kor and AG-Ya 

are mainly composed of quartz and kaolinite. Scanning Electron Microscopy (SEM) was used to 

observe the morphology of the particles constituting the clay samples. The SEM images are shown 

in Figure 5 below.                                                           
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Figure 5. SEM images of AG-Kor and AG-Ya 

These images were taken at different magnifications. These images show clearly visible 

aggregates of heterogeneous size mixed with small particles. The enlargement of these aggregates 

shows the presence of random stacks of sheets that could be kaolinite sheets.                                                                         

The elemental chemical composition of the samples was determined using Energy Dispersive 

X-ray Spectroscopy (EDX). The EDX spectra of the AG-Kor and AG-Ya clays are shown in Figure 

6. The EDX spectra of the AG-Kor and AG-Ya clays indicate that they are mainly composed of Fe, 

Ti, K, Si, Al, and O. This is agreement with the chemical composition determined by ICP, as well as 

with the composition of the various crystalline phases identified by XRD analysis. The most 

prominent peaks are attributed to Si, Al, and O.                 

                                                                                                    
 

 
 

Figure 6. EDX spectra of AG-Kor and AG-Ya clays   

AG-Kor

AG-Ya

EDX

EDX
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Conclusion                                                                                                                                                               

The main objective of this study was to evaluate the physico-chemical and mineralogical properties 

of two local clays for their potential use in the treatment of wastewater from artisanal activities in the 

city of Korhogo, located in northern Côte d'Ivoire. The clays denoted AG-Kor and AG-Ya from 

Korhogo in the north and Yaou in the south of Côte d’Ivoire respectively were therefore characterized. 

Particle size analysis results showed that both samples are fine, with an average particle size of less 

than 1 µm. Specific surface areas of 42.04 and 33.68 m²/g were measured for AG-Kor and AG-Ya, 

respectively, along with a micropore percentage of around 72%. As for the physico-chemical and 

mineralogical characterization results, they showed that both clay samples are essentially composed 

of kaolinite (21.53% for AG-Ya and 47.15% for AG-Kor) and quartz (49.71% for AG-Ya and 25.07% 

for AG-Kor), along with associated iron compounds and rutile. Due to their composition and 

relatively high specific surface area, these two samples are chemically reactive and can therefore be 

used in adsorption processes for wastewater treatment.                                                                                                           
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