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Abstract: This study focuses on the characterization of a clay soil (AGY) from the city 

of Yamoussoukro in central Côte d’Ivoire. The sample underwent physical, chemical, 

geotechnical, mineralogical, microstructural, and thermal characterization. The 

moisture content, loss on ignition, organic matter, and density were 0.92±0.02%, 

9.65±0.03%, 0.86±0.15%, and 2.34±0.09%, respectively. The methylene blue value 

(VBS = 0.95 g/100g) falls within the range of sandy-loamy soils, which are moderately 

plastic and water-sensitive. The AGY sample consists mainly of silica (SiO2: 63.76%) 

and alumina (Al2O3: 21.63%), to which is added a significant content of iron oxides 

(Fe2O3: 4.71%) and potassium (K2O: 3.86%). Other oxides (CaO, TiO2, MnO, P2O5 et 

SO3) are present in smaller quantities. The mineralogical composition of the material is 

dominated by quartz (38.32%), followed by muscovite (32.69%) and kaolinite 

(22.92%), with a significant content of goethite (5.24%). The infrared spectrum revealed 

vibrational bands of the minerals identified by XRD (kaolinite, muscovite, goethite, and 

quartz). The morphology and microstructure (SEM/EDS) of the sample confirmed the 

presence of kaolinite and quartz in the sample, as well as its aluminosilicate nature. 

Given the results obtained and the absence of swelling clay minerals such as 

montmorillonites in the sample, AGY clay is suitable for the manufacture of earthen 

bricks. 

 

1. Introduction 

 Urban growth in sub-Saharan Africa is increasing the demand for sustainable building materials, 

but the widespread use of concrete results in a high carbon footprint (Adadja et al., 2020; Adu et al., 

2025). In this context, adobe bricks emerge as a more environmentally friendly local alternative. 

Beyond these socio-economic aspects, earthen materials offer advantageous hygrothermal properties 

that enhance indoor thermal comfort by regulating heat and moisture exchange (Fall et al., 2021). 

However, despite the abundance of clay soils in Yamoussoukro, their use remains underutilized due to 

the variability of their properties. These variations directly influence their mechanical performance and 

durability (Bailly et al., 2024). Recent studies show that stabilizing soils with alternative binders, such 
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as agricultural waste ash or recycled materials, significantly improves their mechanical performance 

and durability while reducing their environmental impact (Kiebre et al., 2025; Li et al., 2024). These 

approaches align with the principles of the circular economy and the utilization of local resources. 

Despite these advantages, soil use in Côte d’Ivoire remains largely empirical, with a lack of scientific 

data specific to certain local contexts such as that of Yamoussoukro. Clay soils play a decisive role in 

the manufacture of compressed earth bricks by ensuring the material’s cohesion. However, their high 

plasticity and sensitivity to water can impair performance, necessitating in-depth characterization 

(Akartasse et al., 2022; Junaid Asghar et al., 2024; Muñoz et al., 2024; El Miz et al., 2025; Dehmani 

et al., 2026). This study examines clay soil from Yamoussoukro through a multiscale characterization 

(physical, chemical, mineralogical, morphological, geotechnical, thermal, and microstructural) to 

support the manufacture of earthen bricks for green building. The objective is to evaluate its intrinsic 

properties in order to identify its potential for use. The main hypothesis posits that physicochemical 

and mineralogical characteristics directly control the geotechnical and thermal behavior of soils. It is 

also assumed that the nature and proportion of clay minerals influence cohesion, plasticity, and 

durability. Finally, the microstructure and morphology of the particles are believed to be decisive in 

the mechanisms of heat transfer and mechanical strength.   

2. Materials and Methodology 

2.1. Sampling 

The clay used in this study comes from the Yamoussoukro region, specifically from a site 

traditionally used by the local population for making adobe bricks. This choice is part of an effort to 

promote the use of local natural resources in sustainable building materials. The extraction site is 

located on the outskirts of Yamoussoukro/Assabou between latitude 6° 83’32.63’’ North and longitude 

5° 25’83.07’’ West, at an elevation of 220.72 m. In the remainder of this study, this clay is designated 

by the acronym AGY. After extraction, AGY was crushed, air-dried, and then screened using a 3mm 

mesh to obtain a uniform particle size distribution. Geotechnical, physical, chemical, mineralogical, 

and thermal characterization was then performed to assess its quality and suitability for the manufacture 

of compressed earth bricks (CEB). 

 

Figure 1. Sieve grid on the left and dried clay on the right 
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2.2. Physical Characterization 

Moisture content 

Moisture content (MC) refers to the amount of water contained in the material (Karunanithy et al., 

2013). In accordance with standard NF EN ISO 18134-1 (2016), it was determined as the weight loss 

of the sample in a drying oven at 105 °C. The moisture content was calculated using Eqn. 1: 

MC (%) =  
(m1−m2)

m1
× 100                                                Eqn. 1 

With m1 and m2 be the respective masses of the sample before and after heating at 105 °C for 24 hours 

in the oven. 

Loss on ignition 

Loss on ignition (LOI) is the loss of mass resulting from the calcination of a material. In this study, 

the calcination temperature was 1000 °C for 2 hours. Loss on ignition is therefore the difference in 

mass of the sample before and after calcination, in accordance with the protocol of standard EN 196-

2. It is calculated using the following Eqn. 2: 

                     LOI =  
(m2−m3)

m2
× 100                                                          Eqn. 2 

With m1 and m2 be the respective masses of the sample before and after calcination. 

Organic Matter Content 

The organic matter (OM) content of AGY was determined using the method described by 

Staljanssens et al. (Staljanssens et al., 1975). This method is based on the oxidation of organic matter 

using hydrogen peroxide. To do this, 100 g (m0) of clay were suspended in a mixture consisting of 200 

mL of distilled water and 20 mL of hydrogen peroxide, 10 volumes (3%). After 2 hours of reaction, 

the residue was dried at 105 °C to a constant mass (m1) (Laibi et al., 2017). The organic matter content 

was calculated using Eqn. 3: 

OM (%) =  
m0−m1

m0
× 100                                           Eqn. 3 

m0 (g)∶ Initial mass of the clay sample before the reaction with hydrogen peroxide; 

m1 (g): mass of the sample after the reaction and dried at 105 °C for 24 hours. 

Density  

The density of the clay was determined using the water pycnometer method, following the protocol 

described by Gagea and Mirica (Gagea & Mirica, 1998). Five (5) g of powder with a particle size 

smaller than 63 µm were used for a four-step measurement. First, the water pycnometer was cleaned 

and dried, then weighed empty to obtain the empty mass m1. Next, 5 g of the clay powder was placed 

in the pycnometer, and the mass of the assembly was measured and designated as m2. Subsequently, 

the mass of the pycnometer containing the same amount of clay and filled with distilled water to the 

mark, while adjusting the mixture with a Pasteur pipette, was determined and recorded as m3. Finally, 

the mass of the pycnometer alone, filled with distilled water, was determined and corresponds to m4. 

The density of the sample is given by Eqn. 4: 

ρ = [
(m2−m1)×(ρL−ρa)

m4+(m2−m1)−m3
] + ρa                                                    Eqn. 4 

ρ (g. cm−3): density of the clay; ρL (g. cm−3): density of water (1 g. cm−3); ρa (g. cm−3): density of air 

(0,0012047 g. cm−3);  m1 (g): mass of the empty pycnometer;  m2 (g): mass of the pycnometer with 5 
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g of clay;  m3 (g): mass of the pycnometer with the same amount of clay and filled with distilled water; 

m4 (g): mass of the pycnometer filled with distilled water. 

2.3. Geotechnical Characterization 

Grain Size Analysis by Sieving and Sedimentation 

The grain size analysis by sieving and sedimentation was performed in accordance with standards 

EN 933-1 and NF P94-057 at the Laboratory of Materials and Civil Engineering at the Technical 

University of Cluj-Napoca in Romania. Particle size analysis by sieving and sedimentation determines 

the size distribution of particles ranging from 8 mm to 0.125 mm, corresponding mainly to coarse sand, 

fine sand, and small gravel particles. First, the sample was dried at 105 °C for 24 hours. The 1000 g 

sample was placed in a column of standard sieves (8 mm, 4 mm, 2 mm, 1 mm, 0.5 mm, 0.25 mm, 0.125 

mm). After mechanical sieving, the mass retained on each sieve was weighed and then expressed as a 

percentage of the total mass.  

As for the sedimentation method, it was performed on particles smaller than 80 µm (silt and clay). 

After dispersion in a deflocculating solution, the particles settle according to their size in accordance 

with Stokes’ law. Using a Robinson pipette, samples were taken at specific depths and time intervals, 

allowing the proportion of the various fine fractions to be calculated. The combination of these two 

methods provides a continuous particle size distribution curve covering all soil fractions, from gravel 

to clay, and forms the basis for the textural and mechanical classification of soils 

Laser Particle Size Analysis 

Laser particle size analysis was performed using the Fraunhofer model to determine the particle 

size distribution. The procedure involved immersing the sample for 15 seconds in distilled water used 

as a solvent. Aggregation in the resulting suspension was first reduced by ultrasonic treatment in the 

apparatus prior to particle size analysis. The instrument used to study the particle size distribution of 

the clay is a Shimadzu Sald-7101 laser particle size analyzer. The analyses were performed at the 

Research Center for Computer-Aided Process Engineering at Babes Bolyai University in Cluj-Napoca, 

Romania. 

Atterberg Limits 

The Atterberg limits (liquid limit, plastic limit, plasticity index) are used to characterize the 

consistency of fine-grained soils by distinguishing between three physical states: liquid, plastic, and 

solid. These limits were determined using the Casagrande method in accordance with French standard 

NF P 94-051 (AFNOR, 1993) at the Laboratory of Chemistry and Renewable Energies (LaCER) at 

Nazi BONI University in Bobo Dioulasso (Burkina Faso). The liquid limit (WL) and plasticity limit 

(WP) were measured using the Casagrande box method, while the plasticity index (IP) was calculated 

by taking the difference between WL and WP (Eqn. 5): 

IP = WL − WP                                                Eqn. 5 

 

Methylene Blue Value (MBV) 

The methylene blue test measures the adsorption capacity of soils based on the quantity and nature 

of their clay fraction. It involves suspending 30 to 60 g of soil in 500 mL of demineralized water, then 

gradually adding a methylene blue solution (10 g/L) while stirring. After each addition, a drop of the 

suspension is placed on filter paper: clay saturation is reached when the central blue spot is surrounded 
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by a pale halo, indicating an excess of dye. This marks the end of the test. The test was conducted in 

accordance with standard NF P 94-068 (Khlif, 2024) at the Laboratory of Chemistry and Renewable 

Energies (LaCER) at Nazi BONI University in Bobo Dioulasso (Burkina Faso). The methylene blue 

value is determined by Eqn. 6: 

MBV = 100 ×
B
M

1+W

                                   Eqn. 6 

MBV (g/100): methylene blue value; M: mass of the material used for the test; W: initial moisture 

content; and B: mass of methylene blue used. 

2.4. Chemical Characterization (XRF) 

The chemical composition of the clay sample in terms of oxides was determined by X-ray 

fluorescence spectrometry using a Panalytical Epsilon 4 EDXRF spectrometer. The analysis was 

performed at the Central Laboratory of Umaru Musa Yar'Adua University in Katsina State, Nigeria. 

2.5. Mineralogical Characterization 

X-ray Diffraction 

The mineralogical composition was determined by X-ray diffraction (XRD). This technique is 

used to identify the nature of crystalline and amorphous species present on the surface of materials. 

The analysis was performed at the X-Techlab Laboratory in Sèmè City (Benin) using a diffractometer 

powder X-ray (Panalyan) operating at 45 kV and 40 mA. These PXRD analyses were performed using 

the monochromatic radiation of CuKα radiation (λ = 1.54056). These phases were identified using 

HighScore software and a PDF database (powder diffraction files) from the ICDD (International Center 

for Diffraction Data). 

Fourier Transform Infrared 

Fourier transform infrared (FTIR) spectroscopy is used to identify functional groups present on 

the surface of materials. The analyses were performed using an Agilent Cary 630 FTIR 

spectrophotometer, in a wavenumber range from 4000 to 650 cm-1. 

Semi-quantitative analysis 

Combining chemical analysis with X-ray diffraction makes it possible to quantify the percentage 

of mineral phases present in the sample using the calculation method proposed by Yvon et al. (Yvon 

et al., 1982): 

𝐓(𝐚) = ∑ 𝐌𝐢𝐏𝐢(𝐚)                                                      Eqn. 7 

T(a): percentage (%) content of oxide “a” in the sample; Mi: percentage (%) content of mineral “i” in 

the sample; Pi(a): proportion of oxide “a” in mineral ‘i’ (this proportion is derived from the ideal 

formula assigned to mineral “i”). 

 

2.6. Thermogravimetric Analysis Coupled with Differential Thermal Analysis 

Thermogravimetric analysis (TGA) and differential thermal analysis (DTA), performed 

simultaneously using a PerkinElmer instrument, allow, respectively, for monitoring changes in sample 

mass and detecting associated endothermic or exothermic phenomena. Approximately 13.294 mg were 

heated from 30 °C to 950 °C in a nitrogen atmosphere at a heating rate of 10 °C/min. DTA is generated 

in parallel as the reciprocal calorimetric response of TGA. The analysis was performed at the 

University of Kaduna Laboratory in the Federal Republic of Nigeria. 



Mahaman Nazirou et al., J. Mater. Environ. Sci., 2026, 17(7), pp. 1091-1108 1096 

 

2.7. Morphological and Microstructural Characteristics  

Scanning electron microscopy coupled with energy-dispersive X-ray spectroscopy (SEM/EDS) 

was performed using a Phenom ProX scanning electron microscope (Phenom World, Eindhoven, 

Netherlands). The analysis was conducted at the University of Kaduna in the Federal Republic of 

Nigeria. 

3. Results and Discussion 

3.1. Physical Properties  

The results of the physical properties of AGY are presented in Table 1. The table shows a moisture 

content of 0.92±0.02% for the clay. This value indicates that the clay sample is only minimally hydrated 

by atmospheric water (Bodian et al., 2018; Taïpabé et al., 2025). The value recorded in the present 

study is much lower than that reported by Bodian et al. for a clay from Senegal, which is 4.78% (Bodian 

et al., 2021). According to these authors, variations in natural moisture content may be related to the 

amount of fine or clayey particles contained in the analyzed samples (Bodian et al., 2021).  

The loss on ignition of the clay is 9.65±0.03%. This value is lower than that expected for pure 

kaolinite, which is around 14% (Kouamé et al., 2021). This loss on ignition is likely due to the 

dehydroxylation of clay minerals, the oxidation of organic matter, and the decomposition of carbonates 

and hydroxides present in the sample studied (Kagonbé et al., 2021).  

The organic matter content in the clay is 0.86±0.15% and is less than 2%. The low organic matter 

content indicates that the clay is inorganic from a geotechnical perspective (Taïpabé et al., 2025). This 

is favorable for the stabilization and durability of the formulated bricks, as low organic matter values 

have a negligible effect on the production processes of earthen bricks (Taïpabé et al., 2025). 

The density of the clay studied is 2.34±0.09 g. cm−3. This value is close to those generally reported 

in the literature for clays (Aboudi Mana et al., 2017; Méité et al., 2021). Similar density values have 

been reported in the literature: 2.65 (Amon et al., 2017), 2.6 (Méité et al., 2021), 2.50-2.55 (Nwosu et 

al., 2018), 2.06-2.73 (Damian et al., 2021). 

Table 1.  Physical parameters of clay  

MC (%) LOI (%) OM (%) Density (g/cm3) 

0.92±0.02 9.65±0.03 0.86±0.15 2.34±0.09 

 

3.2.  Geotechnical Characterization 

Grain Size Analysis by Sieving and Sedimentation 

Knowledge of a soil’s particle size distribution is essential for evaluating its suitability as a 

construction material (Darman et al., 2022), such as in the manufacture of rammed earth blocks (REB). 

Figure 2 shows the mechanical particle size distribution curve for AGY. The analysis was performed 

on particles passing through a 3mm sieve. Analysis of Figure 2 reveals a distribution that is highly 

concentrated in the intermediate fractions, characterized by a significant retention peak between 600 

and 700 µm, indicating a polymodal particle size distribution dominated by medium-sized particles. 

The rapid decrease in retention percentages toward the higher particle size classes indicates a near 

absence of coarse particles, while the cumulative percentage passing curve reaches nearly 100% before 

2-3 mm. This confirms that the material is composed primarily of fine to medium-sized particles. This 

particle size distribution suggests a predominantly sandy material, with slight dispersion toward the 

extremes, a relatively narrow distribution, and a homogeneous texture centered on intermediate sizes. 
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Figure 1. Mechanical particle size distribution curve 

The sedimentation method complements the mechanical particle size analysis. It allows for the 

determination of the proportion of particles of different sizes (clay, silt, sand) suspended in a 

hexametaphosphate-based deflocculation solution. The results are presented in Table 2. 

Table 2. Particle size distribution of AGY 

Clay  Fine silt Coarse silt Fine sand Coarse sand 

8.05 19.5 17 16.01 39.4 

 

An analysis of Table 2 reveals that AGY consists of 8.05% clay, 19.5% fine silt, 17% coarse silt, 

16.01% fine sand, and 39.4% coarse sand. These results are consistent with the requirements of the 

ARS-680 standard for the manufacture of BTC, which specifies sand, silt, and clay contents ranging 

from 25% to 80%, 10% to 25%, and 8% to 30%, respectively (Nshimiyimana et al., 2020). 

Laser Particle Size Analysis 

Laser particle size analysis has already been used by several authors to estimate the particle size 

of powdered materials (Méité et al., 2024). Figure 3 shows the volume (red curve) and cumulative 

(black curve) particle size distributions of AGY clay. The volumetric curve of AGY indicates several 

grain populations, which is characteristic of a non-uniform soil. A first peak between 0.3 and 5 µm 

corresponds to the fine clay and silt fraction. The other peaks are located around 10 µm (silty fraction), 

40 µm, and 114 µm (sandy fraction). As for the cumulative curve, it rises gradually with a transition 

around 10 µm indicating a high contribution of silt and an inflection around 60 to 100 µm 

corresponding to the increase in the sandy fraction. This shows that this soil consists of a mixture of 

fine (clay/silt), medium, and sandy particles, typical of a sandy-silt soil with a dominant proportion of 

fine to medium sand, containing enough silt to influence its behavior (low plasticity, low cohesion, and 

intermediate compactness) (Tan et al., 2017). The cumulative volume curves of the sample allowed us 

to determine the maximum diameters corresponding to given cumulative volumes. The values 

corresponding to 10% (d10); 50% (d50); and 90% (d90) of the AGY grains are shown in Table 3. These 
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different values indicate a broad grain size distribution in the sample. The d10 value of AGY, which is 

less than 2 μm (1.53 μm), confirms the actual presence of clay phases in the sample. The relatively low 

d50 value (10.02 μm) indicates the fineness of the grains constituting the samples. Finally, the relatively 

high d90 value is likely due to the significant amount of sand contained in the AGY clay. 

Table 2. Main particle size parameters of AGY 

Clay d10 (µm) d50 (µm) d90 (µm) 

AGY 1.53 10.02 75.72 
 

 

 
Figure 2. Laser particle size distribution of AGY 

 

Atterberg Limits 

The results of the Atterberg limits for AGY are presented in Table 4. The clay’s liquid limit is 

39.5%. This value is less than 40% (WL < 40%), which is the recommended value for the stabilization 

of earth blocks (Burroughs, 2008) The liquid limit of AGY therefore suggests that it can be used for 

the production of earthen bricks. The plasticity limit (29.5%) of the sample is higher than the maximum 

value of the plasticity limit range (16 - 19%) favorable for the stabilization of earth blocks (Burroughs, 

2008). This high plasticity limit could result in high shrinkage limit values (Rimbarngaye et al., 2022). 

The plasticity index (IP) of the clay is 10%, a value outside the plastic range, which is 15 ≤ IP ≤ 45 

(Boussen et al., 2016). 

The WL and IP values plotted on the Casagrande plasticity diagram (Figure 4) place the sample 

below line A, with a WL of less than 50%, classifying it as inorganic silt or slightly plastic organic soil. 

This interpretation is consistent with the sedimentation-based particle size analysis results, which 

indicate a low clay content of 8.05%, insufficient to confer significant plasticity. Similarly, the laser 

diffraction particle size analysis results confirm this classification (d10 = 1.5 µm), showing a highly 

present fine fraction that is predominantly silty. Taken together, these results indicate a material with 
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low plasticity, moderate cohesion, and limited reactivity to water characteristics typical of low-

plasticity silts (Chrétien et al., 2007; Yoshimitsu et al., 2019). 

Table 3. Limits of Atterberg 

Echantillon AGY 

Liquidity limit WL 39.5% 

Plasticity limit WP 29.5% 

Plasticity index IP = WL - WP 10% 

 

 
Figure 3. Position of the clay studied in the Casagrande plasticity abacus 

Methylene Blue Value 

The methylene blue value (MBV) of the sample under study is 0.95 g/100 g. This value indicates 

that the material under study is a sandy-loam soil that is water-sensitive, as it falls within the range 0.2 

≤ MBV ≤ 1.5 (I. Sanou, 2017). Furthermore, the MBV value is relatively low. This could indicate low 

activity of the clay fraction and suggest an absence of swelling clay minerals in the sample (Kouamé 

et al., 2021; Latifi et al., 2025; Taïpabé et al., 2025). This result is consistent with the results of the 

granulometric analysis and the Atterberg limits regarding the nature of the soil. 

3.3. Chemical Composition 

The chemical composition of the AGY sample in terms of oxides, as determined by XRF, is 

presented in Table 5. Analysis of this table reveals that the AGY sample is composed primarily of 

silica (SiO2) and alumina (Al2O3), confirming its classification within the aluminosilicate family 

(Rehman et al., 2021). The SiO2/Al2O3 mass ratio, estimated at 2.95, is higher than that of pure kaolins 

(≈1.18), indicating the presence of a substantial amount of free silica as well as other clay minerals 

(Sorgho et al., 2016). The high iron oxide (Fe2O3) content suggests the presence of iron oxides or 

hydroxides, such as goethite (Nshimiyimana et al., 2020). Furthermore, the potassium oxide (K2O) 

content may be linked to the presence of mica phases, notably illite or muscovite, while the absence of 

sodium oxide (Na2O) may indicate the absence of feldspar phases. The significant amount of calcium 

oxide (CaO) may be due to the presence of carbonate phases or traces of calcium minerals. These 

results are consistent with the conclusions of (Brahima, 2013; Dao et al., 2018; I. Sanou et al., 2024). 
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Table 4. Chemical composition of AGY 

SiO2 Al2O3 Fe2O3 TiO2 MgO CaO K2O Na2O P2O5 MnO SO3 SiO2/Al2O3 

63.76 21.63 4.71 1.56 0 2.36 3.86 - 0.22 0.08 0.25 2.95 

 

3.4. Mineralogical Characteristics of the Clay 

X-ray Diffraction 

The results of the X-ray diffraction mineralogical analysis of AGY are presented in Figure 5. 

Analysis of the diffractogram shows that the sample consists mainly of kaolinite (Al22Si2O5(OH)4), 

muscovite KAl3Si3O10(OH)2), quartz (SiO2), and goethite (FeO(OH). The presence of kaolinite could 

give the soil significant plasticity, thereby facilitating the molding and compaction of the bricks 

(Sawadogo et al., 2026). Muscovite, for its part, can improve the mechanical strength of the bricks 

thanks to its crystalline layers. Quartz, a hard and abrasive mineral, can influence the bricks’ resistance 

to wear and abrasion. As for goethite, it can affect the color and durability of the bricks (Sawadogo et 

al., 2026). The absence of swelling clay minerals such as smectites in the diffractogram confirms the 

results of the physical and geotechnical characterization. Furthermore, this absence of smectite-type 

minerals is an advantage for using the sample as a construction material, as the presence of these clay 

minerals in materials used for geotechnical purposes influences their properties, particularly their water 

absorption and swelling (Taïpabé et al., 2025). 

 
Figure 5. X-ray diffraction pattern of AGY 

Fourier-transform infrared spectroscopy 

       Figure 6 shows the infrared spectrum of AGY clay, recorded in the 4000–400 cm-1 frequency 

range. The infrared bands in the AGY spectrum were identified based on data from the literature 

(Brahima, 2013; Kouka Amed, 2019; Mohamed, 2009; Ntimugura et al., 2017; Rouxhet et al., 1977; 

I. Sanou et al., 2024a; I. Sanou et al., 2024b ; Younoussa, 2008). In the high-frequency region (3000-

4000 cm-1), the bands observed at 3686, 3649, and 3613 cm-1 are characteristic of the valence vibrations 
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of the hydroxyl groups in kaolinite. The first two correspond to the external hydroxyl groups, while 

the last is associated with the internal hydroxyl groups, located between the tetrahedral and octahedral 

layers. This last band can also be attributed to muscovite. In the (700-1200 cm-1) region, the Si-O and 

Al-O vibrations appear. The following bands are also identified on the AGY diffractogram: 

           The bands around 1111, 1021, and 992 cm-1 are attributed to Si − O valence vibrations, notably 

the asymmetric Si-O-Si mode, characteristic of kaolinite and quartz. 

 The band at 788 cm-1 is characteristics of the in-plane Al-O-Si deformation vibration, typical of 

muscovite and potentially of quartz. 

 The band at 905 cm-1 is associated with the deformation vibration of the Al-OH bonds in 

kaolinite. 

            The bands at 697.11 and 668 cm-1 are attributed, respectively, to the OH valence vibrations of 

kaolinite and the Si-O valence vibrations of quartz, as well as to the Si − O − Si bending vibration. 

 
Figure 6. AGY Infrared Spectrum 

 

3.5. Thermal Properties  

Figure 7 shows the results of the ATG/DTG thermal analysis of AGY. Examination of this figure 

reveals several mass losses. The first mass loss (0.14%), observed between 30 and 150 °C, is attributed 

to the release of hygroscopic water initially present in the sample. The second loss, occurring between 

150 and 360 °C (0.93%), could be due to the dehydration of iron oxyhydroxides, leading to the 

transformation of goethite into hematite (Bodian et al., 2018; Brahima, 2013; Dao et al., 2018; I. Sanou 

et al., 2024a). The mass loss observed between 360 and 550 °C (1.05%) corresponds to the 

dehydroxylation of clay minerals, particularly kaolinite, whose structural hydroxyl groups are 

removed, leading to the destruction of the crystal lattice and the formation of metakaolinite (Méité et 

al., 2022; I. Sanou et al., 2024a). The dehydroxylation of ordered kaolinite occurs around 600 °C; the 

lower temperature observed in the sample indicates the presence of disordered kaolinite (Dao et al., 
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2018). The final mass loss, between 550 and 900 °C (0.12%), can be attributed to the decomposition 

of organic matter and small carbonate phases (MgCO3), as well as to the decarbonation of residual 

carbonates (Millogo et al., 2008). 

 
Figure 7. AGY's ATG/DTG curves 

3.6. Mineralogical Semi-Quantification  

By combining chemical analysis with mineralogy using the relationship established by Yvon et al. 

(Yvon et al., 1982), we were able to determine the percentage of each mineral present in the sample. 

The semi-quantitative approach was based on the following approximations: 

➢ Alumina (Al2O3) is contained in kaolinite and muscovite; 

➢ Silica (SiO2) is distributed among kaolinite, muscovite, and quartz; 

➢ Iron oxide (Fe2O3) is entirely attributed to goethite; 

➢ Potassium oxide (K2O) is entirely attributed to muscovite. 
 

Based on the above approximations, the mass percentages of the minerals were estimated using the 

following equations (Eqn. 8, Eqn. 9, Eqn. 10, Eqn. 11): 

➢ %Goethite =
%Fe2O3 x 2MGoethite

MFe2O3

                                                     Eqn. 8 

➢ %Muscovite =
%K2O x 2MMuscovite

MK2O
                                                   Eqn. 9 

➢ %Kaolinite = (
%Al2O3

MAl2O3

−
3

2
x

%Muscovite

MMuscovite
)  x MKaolinite                   Eqn. 10 

➢ %Quartz = %SiO2 − (
2 x %Kaolinite

MKaolinite
+

6

2
x

%Muscovite

MMuscovite
+

6

2
x

%Albite

MAlbite
 ) x MSiO2

 Eqn. 11 
 

Table 6 presents the results of the semi-quantification. These results show that the sample is rich 

in clay minerals (kaolinite and muscovite) and quartz, with a significant content of goethite. Indeed, 

AGY consists of 22.92% kaolinite, 32.69% muscovite, 5.24% goethite, and 38.32% quartz. Kaolinite 



Mahaman Nazirou et al., J. Mater. Environ. Sci., 2026, 17(7), pp. 1091-1108 1103 

 

is known for its low water absorption capacity, and its prevalence in materials used for making clay 

bricks enhances their molding properties (Kamga Djoumen et al., 2023). The significant amount of 

quartz (38.32%) in the sample is the source of free silica, as indicated by the chemical analysis through 

the high SiO2/Al2O3 ratio. This high quartz content acts to de-grease the kaolinite (Kouamé et al., 

2021). The balance, which is 0.83%, consists mainly of amorphous minerals and/or, above all, organic 

matter (I. Sanou et al., 2024). The mineralogical composition is consistent with the results of the 

physical and geotechnical properties. 

Table 6. Mineralogical composition of clay 

Minerals Kaolinite Muscovite Goethite Quartz Total Balance 

% mass 22.92 32.69 5.24 38.32 99.17 0.83 

 

3.7. Morphological and Microstructural Characteristics 

SEM micrographs of AGY obtained at different magnifications (100, 80, and 40 µm) are shown 

in Figure 8. SEM observations reveal particles in the form of aggregates of irregular platelets, typical 

of kaolinites (Issaka, 2022; Qlihaa et al., 2016). These platelets, often stacked, can exhibit hexagonal 

shapes on the order of micrometers. Similar observations have been made by several authors on clay 

materials containing kaolinite (Fort et al., 2024; Gauly et al., 2025; A. Sanou et al., 2024; Soro et al., 

2023). The presence of platelets of varying sizes and morphologies suggests the coexistence of 

muscovite (Delavernhe, 2011). The inclusions present in AGY could be attributed to goethite 

(Mohamed, 2009). At the same time, the characteristic polyhedra of quartz are clearly identifiable in 

the SEM images, confirming the XRD results (Brahima, 2013; Qlihaa et al., 2016). The results of the 

energy-dispersive X-ray analysis are shown in Figure 9. Analysis of the AGY EDS diagram reveals 

high silicon (48.01%) and aluminum (36.9%) contents, as well as significant amounts of iron (3.24%), 

potassium (3.73%), sodium (2.58%), and potassium (2.32%). These results are consistent with the 

presence of quartz, kaolinite, muscovite, and goethite identified by X-ray diffraction. This method 

made it possible to detect sodium and magnesium, which had not been detected previously. 
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Figure 8. Micrograph of AGY 

 
Figure 9. EDS spectrum of AGY 

 

Conclusion 

The objective of this study was to characterize a clay from Côte d’Ivoire with a view to its use in green 

building. The combined results of the physical, geotechnical, chemical, mineralogical, microstructural, 

and thermal analyses, supplemented by mineralogical semi-quantification, provided a comprehensive 

understanding of the soil under study. These analyses showed that it is a sandy-silt soil containing 55% 

sand, 36% silt, and 8% clay, moderately plastic (Ip = 10%), water-sensitive (MBV = 0.95 g/100g), and 

inorganic. It is an aluminosilicate, dominated by quartz (38.32%), muscovite (32.69%), and kaolinite 

(22.92%) with a significant content of goethite (5.24%). This soil could therefore offer an interesting 

structure but requires stabilization to achieve sufficient strength. The low clay content limits natural 

cohesion and makes the material vulnerable to moisture, hence the need to add cement to improve 

compactness and durability. However, the exclusive use of cement increases the carbon footprint. 

Partially substituting cement with a suitable ash allows for a reduction in CO2 emissions while 

maintaining, or even improving, mechanical performance, making this soil more sustainable and 

effective for construction. 
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