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Abstract: This article focuses on the characterization of a lateritic soil in southern 

Chad in the city of Moundou. This study led us to study the physical, geotechnical, 

chemical, mineralogical and microstructural characteristics of this soil. It appears 

that the natural water content, loss on ignition, gross pH and swelling rate of laterite 

were obtained with the following respective values: 12.8%, 3.83%, 4.85 and 0.57%. 

The VBS 1.9 g/100g found, is located in the sandy-clayey soil zone, highlighting the 

low activity of the clay fraction. X-ray diffraction of this lateritic soil reveals 

kaolinite, quartz, goethite and hematite as the main constituents. The Calculation of 

the degree of laterization of the sample studied gives a value (1.03) lower than 1.33, 

thus classifying it as a true laterite. The SEM image of the sample allows to see 

platelets with irregular contours superimposed on each other, typical of Kaolinite 

and compact surfaces corresponding to quartz. In summary, the characterized 

lateritic earth has advantages of soil usable for the manufacture of raw bricks. Being 

an easily accessible material at low cost in the said locality, laterite offers 

possibilities of use and valorization in the field of eco-construction. 
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1. Introduction 

 For several centuries, earth has been one of the most used materials throughout the world, 

particularly in Sub-Saharan Africa (Alexandre, 2002). Given its accessibility and ease of 

implementation, earth has remained the material of choice (Issiakou, 2016). It allowed men to provide 

shelter against bad weather, particularly wind, heat and precipitation. It is these bad weather conditions 

which directly or indirectly gauge the quality of the earth material used (Fall et al., 2021). Because it 

must be said, several varieties of earth are available to man for construction. As for our case study, it 

is laterite. It is a material prized for its physicochemical but also thermomechanical characteristics 

(Issiakou et al., 2015). Although not the perfect material for sustainable construction, the advantages 

of laterite have been proven in several African countries. For countries where the weather is rather hot, 

it is not uncommon to find that in urban areas, the increasing use of so-called energy-intensive and 

polluting materials such as concrete is redundant (Adadja et al., 2020), (Setiawan et al. 2015). 

However, concrete does not seem to be the thermally suitable material for these types of climates 

where, during periods of high heat, the temperature easily reaches around 40°C (Herawati et al., 2015). 

 Laterite is a mass of earth of various colors (pink, ochre, red or brown) very widespread in tropical 

and equatorial zones but also in some sub-Saharan countries. It is composed of iron oxides such as 

goethite, limonite, hematite. It also contains aluminum oxides (Gibbsite and Boehmite) and clay 

minerals (Kaolinite, Halloysite and Illite) (Schellmann, 2003). Laterite is a material that is frequently 

used in the road sector as well as in buildings (Natural Risks, 2020). 

 In Chad, specifically in the south of the country (Moundou), it is quite popular for the construction 

of individual houses. The use of this material is justified not only because of its accessibility and low 

cost, but also for its performance and physicomechanical properties (Abhilash et al., 2016), (Karka and 

Djoui, 2019), (Taïpabé et al., 2025). In this case, it is the ecological material par excellence desired. 

Precisely, the principle of eco-construction would require materials to be easily accessible, recyclable, 

less energy-intensive and inexpensive. Criteria that this material easily meets. It is therefore necessary 

to promote this material in this area (Bobet et al., 2020), (Laurent, 1987). 

 The aim of this study was to investigate the potential use of lateritic soil from Moundou (Chad) as 

a raw material in eco-construction. To achieve this, the physicochemical and geotechnical properties, 

including moisture content, loss on ignition, organic matter, density, pH, particle size, methylene blue 

value, chemical, mineralogical, morphological, microstructural composition, optimal water content, as 

well as Atterberg limits were determined.  
 

2. Materials and methods 

2.1 Presentation of the study area 

Recognized as the economic capital of Chad, Moundou is the capital of the province of Logone 

Occidental and the department of Lac Wey. It is located in the extreme southwest of the country, 

approximately 470 km south of the capital N'Djamena. The city is divided into four districts and twenty 

neighborhoods with an estimated population of over 200,000 inhabitants (INSEED, 2024) Figure 1 

shows the study area. Meteorological data, provided by the National Meteorological Agency, are 

reported in Figure 2 (ANAM, 2025). 
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Figure 1. Map of the study area 

 

Figure 2. Annual cycle of precipitation and average temperature regime (1981-2022) (Ngaryamngaye 

et al., 2024) 

2.2 Laterite sampling 

The sample was extracted from the quarry located in the Koutou district at the northern exit of the 

city between latitude 8°36'5" N and longitude 16°02'28" E. Here it was a shallow sampling, less than 

one meter. A volume of lateritic soil was taken at random from all over the site (Figure 3(a)). Each 

volume of soil was mixed before being constituted as a sub-sample; this is a reworked sample. The 

sampling principle is that suggested by the NF ISO 18400-102 standard (NF ISO 18400-102, 2017). 

These soils are placed in plastic bags and kept at room temperature until the laboratory (Figure 3(c)). 

Sampling was done in February, which corresponds to the dry season. 
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Figure 3. Sampling site (a), Google Earth aerial view (b), Sample taken (c) 

2.3 Methods for characterizing laterite 

2.3.1. Physical characterization 

2.3.1.1. Moisture content 

Moisture content (MC) calculated by Eqn. 1 was determined by evaluating the mass loss after 

drying the raw sample in an oven at 105 °C for 24 hours according to the NF P94-050 standard 

(AFNOR, 1995). 

𝑀𝐶 (%) =
𝑚1− 𝑚2

𝑚1
× 100                                             Eqn. 1 

With: 𝑚1: mass of the soil sample in its natural state (5 g) and 𝑚2: mass of this soil sample after being 

placed in an oven at 105 °C for 24 hours. 

2.3.1.2. Loss on ignition 

The loss on ignition (LOI) was obtained after calcination at 1000 °C for 2 hours in the oven of 

the sample previously dried in the oven at 105 °C (Nshimiyimana et al., 2020) using Eqn. 2. 

𝐿𝑂𝐼 (%) =
(𝑚2− 𝑚3)

𝑚2
× 100                                                     Eqn. 2 

With: 𝑚2 (g): mass of the sample dried at 105 °C for 24 hours and  𝑚3 (g): mass of the sample calcined 

at 1000°C for 2 hours in a furnace.  

2.3.1.3. Determination of pH 

The protocol used is that of the standard (ISO 10390, 2021). Contact is established between the 

laterite and the solution by magnetic stirring for one hour and the mixture is left to stand for two hours. 

Then the pH is measured in the supernatant using a pH meter. 

2.3.1.4. Organic matter 

The organic matter (OM) content was determined according to the hydrogen peroxide method 

which consists of an attack with oxygenated water, 10 volumes (H2O2, 3%),of the material as 

described by Laibi et al (Laibi et al., 2017). The organic matter content is calculated using the formula 

given by Eqn. 3: 

𝑂𝑀 (%) =
𝑚0− 𝑚1

𝑚0
× 100                                            Eqn. 3 

With: 𝑚0 (g): initial mass of the clay sample before reaction with hydrogen peroxide (100 g) and 

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

(b) (c) (a) 
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2.3.1.5. Swelling rate 

The swelling rate TG (%) was determined by the difference in volumes of 20 g of laterite 

powder initially dried at 105 °C for 24 hours in a 250 mL graduated cylinder (V1) and that of the same 

powder after its introduction into another 250 mL graduated cylinder containing 100 mL of distilled 

water (V2) according to Eqn. 4. The whole being previously left to stand for 24 hours at room 

temperature. 

𝑇𝐺 =
(𝑉2−𝑉1)

𝑉1
× 100                                                   Eqn. 4 

2.3.1.6. Density 

Bulk density (ρ) was determined as the ratio of sample mass to volume(Mierzwa-Hersztek et 

al., 2019)according to Eqn. 5 (Sanou et al., 2020): 

𝜌 =
𝑚1− 𝑚0

𝑉
                                                                     Eqn. 5 

With: ρ: bulk density; 𝑚0: mass of the graduated cylinder; 𝑚1: mass of the graduated cylinder 

containing the sample and V: volume of the graduated cylinder 

2.3.2. Geotechnical characterization 

2.3.2.1. Granulometric analysis 

It allows us to determine and observe the different diameters of the grains that make up laterite 

by a sieving combination. The procedure used is that which applies to the material retained on a 2 mm 

mesh sieve. After weighing the sample, it is placed on the sieve 20 mm while sieving it in this way 

until the next smaller sieve chosen. Each mass of material retained is noted. The proportions in masses 

retained as well as that passing through the sieves are presented in the form of a table then translated 

into a curve (ISO 11277, 2020). 

2.3.2.2. Proctor test 

The Proctor test is intended to determine the optimum water content for a given soil and aims 

to obtain the relationship between the water content and the dry density of a compacted soil. The 

standard used is that of (NF P94-093, 2014): Measurement on samples compacted in the Normal 

Proctor mold – Determination of water content by the Proctor method. 

2.3.2.3. Methylene blue test 

This test aims to characterize the clayiness of the material. It applies to soils and certain rock 

materials. It measures the capacity of fine elements to absorb methylene blue. It was carried out 

according to standard NF P94-068 (AFNOR, 1998). The procedure consists of measuring the quantity 

of methylene blue absorbed by the 0/5 mm fraction of the material suspended in water. This quantity 

is related to the 0/50 mm fraction of the material. The value of the blue absorbed by the soil is obtained 

by Eqn. 6: 

𝑉𝐵𝑆 =
𝐵

𝑚𝑆
× 𝐶 × 100                                          Eqn. 6 

VBS (g/100): methylene blue value; B: mass of blue introduced (10 g/L solution); 𝑚𝑆: dry mass of the 

test sample and C: proportion of 0/5 mm (subject to the test) in the 0/50 mm fraction of the dry material. 
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2.3.2.4. Atterberg limits 

The limits of Atterberg are conventional physical constants (weight water content W) which 

mark the thresholds between the passage of a soil from the liquid plastic state (liquidity limit LL) and 

the passage of a soil from the plastic state to the solid state (plasticity limit LP) and make it possible to 

define indicators qualifying the plasticity of a soil and more precisely to predict the behavior of the 

soils. These limits were determined by the Casagrande method according to the French standard NF P 

94-051 (AFNOR, 1993) at the Laboratory of Building and Public Works (LBTP) in Chad. The liquid 

limit (LL) and plastic limit (LP) were measured by the Casagrande box method while the plasticity 

index (PI) was deduced by taking the difference between LL and LP (Eqn. 7): 

𝐼𝑃 = 𝐿𝐿 − 𝐿𝑃                                                                     Eqn. 7 

Clay particle activity is defined as the ratio of the plasticity index to the total clay content 

(%Clay) in the sample (Nzeukou Nzeugang et al., 2021): 

𝐴 =
𝐼𝑃

% 𝐶𝑙𝑎𝑦
                                                                     Eqn. 8 

The coherence index (CI) is derived from the Atterberg limits and indicates the firmness of the 

soil and changes in water content that allow it to vary between states: liquid, very soft, soft, stiff, very 

stiff and hard (De Oliveira et al., 2019). The consistency index can be calculated with Eqn. 9 (De 

Oliveira et al., 2019): 

𝐼𝐶 =
𝐿𝐿−𝑊

𝐿𝐿−𝐿𝑃
                                                                         Eqn. 9 

The liquidity index (LI) can be calculated as a ratio of the difference between the natural water 

content, the plastic limit and the liquid limit according to Eqn. 10 (Karakan, 2022). 

𝐼𝐿 =
𝑊−𝐿𝑃

𝐿𝐿−𝐿𝑃
                                                                           Eqn. 10 

With: W: natural water content. 

2.3.3. Chemical characterization 

The chemical oxide composition of laterite was determined by X-ray fluorescence (XRF) 

spectrometry using a PanAlytical Epsilon 4 model energy dispersive X-ray fluorescence (EDXRF) 

spectrometer. 

The results of the percentages of oxides obtained made it possible to characterize the laterite by 

determining the ratio 
𝑆

𝑅
  according to Eqn. 11 (Martin and Doyne, 1927), ( Sanou et al., 2020) Eqn. 12 

(Maiti et al., 2013), (Persons, 1995). 

𝑺

𝑹
=

𝑺𝒊𝑶𝟐
𝟔𝟎

𝑨𝒍𝟐𝑶𝟑
𝟏𝟎𝟐

 + 
𝑭𝒆𝟐𝑶𝟑

𝟏𝟔𝟎

                                                                 Eqn. 11 

𝑺

𝑹
=

𝑺𝒊𝑶𝟐

𝑨𝑳𝟐𝑶𝟑 + 𝑭𝒆𝟐𝑶𝟑
                                                                Eqn. 12 

With: S: mass percentage of silica and R: percentages of iron and aluminum sesquioxides. 

The ratio  
𝑆

𝑅
  allows the following classification to be established : 

𝑆

𝑅
 < 1,33: true laterite ; 

1,33 <  
𝑆

𝑅
 < 2: lateritic rock and 

𝑆

𝑅
 > 2: non-lateritic raw material (Martin and Doyne, 1927). 
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2.3.4. Mineralogical characterization 

2.3.4.1. X-ray diffraction 

The mineralogical composition of the laterite powder was determined by powder X-ray 

diffraction (XRD) using a diffractometer powder X-ray (Panalyan) operating at 45 kV and 40 mA at 

the X-Techlab Laboratory in Sémé City, Benin. 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). 

2.3.4.2. Fourier transform infrared spectroscopy 

Infrared absorption spectra were obtained with a spectrometer computer-controlled Agilent 

Cary 630 FTIR Fourier transform scanner, scanning from 4000 to 650 cm-1. FTIR analysis was 

performed at Laboratory of Chemistry and Renewable Energies (LaCER) of the Nazi BONI University, 

Bobo-Dioulasso (Burkina Faso). 

2.3.4.3. Semi-quantitative analysis 

The coupling of chemical analysis and X-ray diffraction made it possible to quantify the 

percentage of the mineral phases present in the sample using the calculation technique proposed by 

Yvon et al (Yvon et al., 1982). 

𝑇(𝑎) = ∑ 𝑀𝑖𝑃𝑖(𝑎)                                                                       Eqn. 13 

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 deduced from the ideal formula 

attributed to mineral "i"). 

The approach semi-quantitative was carried out on the basis of the following approximations: 

- Fe2O3 is distributed between goethite and hematite; 

- Al2O3 is contained in kaolinite; 

- SiO2 is distributed between kaolinite and quartz. 

Based on the approximations given above, the mass percentages of the minerals were obtained from 

the equations (Eqn. 14, Eqn. 15, Eqn. 16, Eqn. 17): 

 

• % Kaolinite = %𝐴𝑙2𝑂3 ×
 MKaolinite

M𝐴𝑙2𝑂3

                                             Eqn. 14 

• %Quartz = (%SiO2 − %Kaolinite ×
2MSiO2

MKaolinite
) x 

𝑀𝑄𝑢𝑎𝑟𝑡𝑧

MSiO2

         Eqn. 15 

 

• %Goethite =
%Fe2O3 x  MGoethite

MFe2O3+ MGoethite
                                                    Eqn. 16 

 

• %Hématite = %𝐹𝑒2𝑂3 − %𝐺𝑜𝑒𝑡ℎ𝑖𝑡𝑒                                         Eqn. 17 
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2.3.5. Morphological and microstructural characterization 

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

was performed using a Zeiss EVO MA 15 electron microscope (Zeiss, Germany) while quantitative 

elemental information was obtained with Smart EDX analysis (Zeiss, Germany). The analysis was 

performed at the Kwame Nkrumah University of Science and Technology (Ghana). 

3. Results and Discussion 

3.1 Physical characteristics  

3.1.1. Moisture content 

The moisture content is 1.36±0.03%. This value shows that the sample is poorly hydrated by 

atmospheric water (Bakuan, 2018). This value is close to that reported by Bodian et al. for the Thicky 

laterite in Senegal which is 1.50% (Bodian et al., 2021). 

3.1.2. Loss on ignition 

The loss on ignition of laterite is 3,83±0.04%. The value recorded in the present study is much 

lower than those obtained for laterites from the Cote d’Ivoire (10,16%) (Kouamé et al., 2021) and 

Burkina Faso (13.6±1.5%) (Ouedraogo et al., 2020). This low loss on ignition value suggests the 

presence of a small amount of clay mineral phases in this sample (Kouame, 2021). Indeed, this 

parameter would be linked to the dehydroxylation of clay minerals, to the oxidation of organic matter 

and to the decomposition of carbonates and hydroxides present in the sample (Kagonbé et al., 2021). 

3.1.3. Organic matter 

The laterite studied has an organic matter content of 1.47±0.12% which is less than 2% (OM < 

2%). This value indicates that the laterite is an inorganic soil from a geotechnical point of view 

(Kouamé et al., 2021). This low value of organic matter in laterite is favorable for good stabilization 

and durability of the bricks produced (Kouamé et al., 2021). Indeed, the low values of organic matter 

has a negligible effect in the manufacturing processes (stabilization or cooking) of bricks (Bodian et 

al., 2021). The value recorded in the present study is very close to that of Thicky laterite (1.46%) 

already used for making raw earth bricks in Senegal. 

3.1.4. Potential hydrogen 

The lateritic raw material had a pH equal to 4.85±0.45. This value indicates that the laterite studied 

is of a natural acid.  

3.1.5. Swelling rate 

The swelling rate is an essential property of clay materials, reflecting their swelling or non-

swelling character and providing information on the nature of the minerals present in the sample. The 

swelling rate of laterite is very low (0.57±0.13%). This low value indicates that the laterite is non-

swelling and could be used for making earth bricks for construction. 

3.1.6. Bulk density 

Bulk density is the mass of a given volume of soil, including the network of pore spaces (Nzeukou 

Nzeugang et al., 2021). The apparent density of the laterite raw material was 1.25 g/mL. Laterites 

generally have apparent density values between 1.02 and 2.2 g/mL (Santha Kumar et al., 2022). The 

sample studied would therefore be a laterite and can be used for the production of bricks (Rimbarngaye 

et al., 2022).  
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Comparing the results of the physical characterization of the studied sample with those found in 

the literature for other lateritic soils used in construction, the results indicate that laterite could be used 

for construction. However, the geotechnical parameters were also studied. 

3.2 Geotechnical characteristics 

3.2.1. The Proctor Test 

Figure 4 shows the Proctor test curve. The optimum density of soils is an important parameter 

in determining the quality and durability of earth bricks (Delgado and Guerrero, 2007). The optimum 

density (δopt) of laterite is 1630 kg/m3. This value is within the recommended range for compressed 

stabilised soil bricks (1500 to 2000 kg/m3) (Rimbarngaye et al., 2022), (Riza et al., 2010), thus 

suggesting that the studied laterite can be used for the formulation of stabilized bricks. The Proctor test 

allowed us to determine the optimal water content (Wopt) required to obtain the best compression of 

the laterite. Indeed, the optimal water content is significant in determining the amount of water that can 

be added during the production of the earth brick (Kamga Djoumen et al., 2023). In the present study, 

we recorded a value of 12.8%. This value is higher than those obtained by Taypondou Darman et al, 

which range between 9.42 and 11.34% (Taypondou Darman et al., 2022) but lower than that reported 

by Mengue et al, which is 17.80% (Mengue et al., 2017). However, our value is close to that reported 

by Okonkwo et al (13.85%) for lateritic soils used for making earth bricks (Okonkwo et al., 2022). 

 
Figure 4. Proctor curve 

3.2.2. Granulometric analysis 

Soil texture is one of the most important parameters for their use as construction materials.  

(Delgado and Guerrero, 2007), (Taypondou Darman et al., 2022). Analysis of particle size distribution 

in the sample shows that sand is the dominant element with 62%. Clay and silt represent 21% and 17% 

respectively in laterite (Table 1). From these data, laterite can be classified as a sandy-clayey-loamy 

soil (BSI, 1990) or even like sandy-clay soil (Taypondou Darman et al., 2022). Laterite is mainly made 

up of sand (62%). This high sand content is an advantage for the use of the sample studied as a raw 

material for the production of earth bricks. Indeed, the percentage of sand in this soil is within the 60-

70% range recommended by Malombe (Malombe, 2015). Furthermore, it has been indicated that the 

compressive strength of earth bricks increases with a high percentage of sand and a better result is 

obtained for a proportion of sand between 40 and 65% (Guettala et al., 2002), (Kwon et al., 2010), 

(Taypondou Darman et al., 2022). In addition, a certain high proportion of coarse grains is necessary 

because they constitute the skeleton of the earth brick and ensure the stability of its structure 
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(Taypondou Darman et al., 2022). Laterite is made up of 21% clay. This proportion of clay in the 

material is a favorable asset for its use as a construction material. Indeed, a content of between 5% and 

30% clay gives laterite good cohesion in its natural state (Kouakou et al., 2022) because the clay in the 

material acts as a natural cement, tending to bind the soil particles and thus improve the mechanical 

characteristics of the earth brick (Taypondou Darman et al., 2022). In addition, authors have indicated 

that soils with a clay content between 15 and 30% are suitable for the production of earth bricks (Kwon 

et al., 2010). 

Table 1. Particle size distribution 

Particles Sand (˃ 80 μm) Silt (2 - 80 μm) Clay (˂ 2 μm) 

Percentage 62% 17% 21% 

 

3.2.3. Plastic properties 

The plastic properties of the material were determined from the Atterberg limits. The results are 

recorded in the Table 2. The liquid limit of the studied laterite is 39%. It has been recommended that 

a good soil for stabilizing earth blocks has a liquid limit of less than 40% (LL ˂ 40%). Indeed, a soil 

with a LL greater than 40% (LL ˃ 40%) results in low compressive strength (Burroughs, 2008). Since 

the liquid limit of laterite is less than 40%, it can be used for the production of earth bricks. 

The plastic limit of the sample studied is 22.08%. The higher the plastic limit, the more clayey 

the soil. This could therefore explain the sandy-clayey nature of the soil studied. Soils with plastic 

limits between 16 and 19% are favorable for the stabilization of earth blocks (Burroughs, 2008). The 

value recorded in the present study is higher than the maximum value of the interval. This could induce 

high values of the withdrawal limit (Rimbarngaye et al., 2022). 

Table 2 shows that the plasticity index (PI) of laterite is 16.92%. The sample studied is therefore 

plastic because the plasticity value is included in the plastic domain which is 15 ≤ IP ≤ 45 (Boussen et 

al., 2016). In addition, the plasticity index of the soil is less than 25%. According to Burroughs, a good 

soil for stabilization should have a plasticity index less than 25% (Burroughs, 2008). In addition, soils 

with a plasticity index greater than 20% are not suitable for manual compaction (Walker, 1995). Such 

a soil develops much more shrinkage and the compressive strength is low (Rimbarngaye et al., 2022). 

The consistency index (CI) has a value of 1.55; thus, suggesting that the material has a plastic character. 

In addition, the liquidity index (LI) with a value of -0.57 is less than zero (LI < 0). This value gives the 

material a hard plastic consistency character (Bishweka et al., 2021), (Kamga Djoumen et al., 2023). 

The plastic properties thus studied indicate that the lateritic soil is of good quality and can be used for 

the production of blocks. 

Table 2. Plastic characteristics of laterite 

Plastic properties Values 

Liquidity Limit (LL) 39% 

Plasticity Limit (PL) 22.08% 

Plasticity Index (PI) 16.92% 

Consistency Index (CI) 1.55 

Liquidity Index (LI) - 0.57 
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3.2.4. Methylene blue value and activity of clay particles 

The value of methylene blue (VBS) to characterize the clay content of a soil is 1.9 g/100 g for 

laterite. This value shows that the material studied is a soil sandy-clayey, not very plastic because 

included in the domain 1.5 ≤ VBS ≤ 2.5 (Sanou, 2017). Furthermore, the relatively low VBS value 

highlights the low activity of the clay fraction and suggests an absence of swelling clay minerals 

(Kouamé et al., 2021) such as smectite (montmorillonite) in the sample. These results are consistent 

with those of the particle size analysis and those of the Atterberg limits with regard to the nature of the 

soil. 

Soil activity (A), indicating the physical and mechanical activity of the clay fraction, was 

determined. The obtained value is 0.8. According to Skempton's classification based on the activity of 

fine particles, the sample studied has normal activity (0.75 < A < 1.5) (Penka et al., 2022). Activity 

depends primarily on the dominant clay minerals, cations, and exchangeable salts in the soil solution 

(Zolfaghari et al., 2015). The normal activity of the sample is probably due to the presence of kaolinite 

which is less active (0.4) (Penka et al., 2022). This activity against methylene blue can be extended to 

other dyes or heavy metals as found in literature (Jaber Ibrahim et al., 2023), (Aaddouz et al., 2022; 

Akartasse et al., 2022), (Azzaoui et al., 2019). 

3.3  Mineralogical and chemical characteristics 

3.3.1. X-ray diffraction 

 The X-ray diffraction results of the sample are given in Figure 5. The diffractogram analysis 

indicates that the soil sample studied consists mainly of kaolinite, quartz, goethite and hematite. These 

minerals are the main minerals generally identified in laterites (Kouamé et al., 2020), (Santha Kumar 

et al., 2022). Indeed, laterites are generally composed of secondary minerals of aluminum, quartz and 

kaolinite (Rimbarngaye et al., 2022). The absence of 2/1 type clay minerals (smectite) on the 

diffractogram confirms the results of the physical and geotechnical characterization. This absence of 

smectite-type minerals is an advantage for the use of the sample as a construction material. Indeed, the 

presence of clay minerals such as smectites in materials used for geotechnical purposes influences their 

properties, in particular their water absorption and swelling (Logmo et al., 2013). 

 

Figure 5. XRD of laterite 

0

10000

20000

30000

40000

3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66 69 72

Angle 2θ (°)

←
K

a
o

li
n

it
e

←
Q

u
a

rt
z

←
Q

u
a

rt
z,

 G
o

et
h

it
e

←
K

a
o

li
n

it
e

←
K

a
o

li
n

it
e

←
H

em
a

ti
te

←
H

em
a

ti
te

, 
G

o
et

h
it

e

←
Q

u
a

rt
z,

K
a

o
li

n
it

e
←

Q
u

a
rt

z,
K

a
o

li
n

it
e

←
Q

u
a

rt
z,

K
a

o
li

n
it

e

←
Q

u
a
rt

z

←
Q

u
a

rt
z,

K
a

o
li

n
it

e,
 G

o
et

h
it

e

←
Q

u
a

rt
z,

K
a

o
li

n
it

e

←
H

em
a

ti
te

,Q
u

a
rt

z,
K

a
o
li

n
it

e

←
Q

u
a

rt
z

←
Q

u
a

rt
z,

G
o

et
h

it
e

-Q
u

a
rt

z,
K

a
o

li
n

it
e,

 G
o

et
h
it

e

←Quartz



 Taïpabé D. et al., J. Mater. Environ. Sci., 2025, 16(7), pp. 1189-1209 1200 

 

3.3.2. Chemical composition 

 The chemical composition of laterite in terms of oxides determined by XRF is presented in Table 

3. It is found that laterite is composed mainly of SiO2, Al2O3 and Fe2O3, with high percentages. These 

compounds represent 82.01% of the total oxide composition. In addition, minor components, such as 

K2O, MnO, TiO2 and Na2O were also present in laterite (Table 3). This observation has also been 

reported by other researchers when they performed XRF analysis of laterites (Abdullah et al., 2017), 

(Bodian et al., 2018), (Djinsi Vaïmata et al., 2024), (Ouedraogo et al., 2020). 

Table 3. Percentage of oxides in laterite 

 Chemical composition in oxides 

Oxides H2O SiO2 Al2O3 Fe2O3 K2O Na2O TiO2 MnO 

% 12.35 41.57 29.12 11.32 2.37 0.76 1.39 0.14 
 

3.3.3. Degree of lateritization 

 The degree of lateritization is defined as the silica-sesquioxide ratio (S/R). The S/R ratios for the 

sample in the present study are calculated using the chemical composition obtained from the XRF 

results. The value of the S/R ratio is equal to 1.94 and is between 1.33 < S/R = 1.94 < 2 (Eqn. 9), which 

indicates that the sample studied would be a lateritic rock (Martin and Doyne, 1927). However, the S/R 

ratio value calculated from Eqn. 10 is 1.03 and is less than 1.33 (S/R = 1.03 < 1,33), thus suggesting 

that the collected sample is a true laterite (Maiti et al., 2013). However, according to both approaches, 

the sample studied is a laterite soil. 

3.3.4. Semi-quantitative analysis 

 The coupling of chemical analysis and mineralogy through the relationship of Yvon et al (Yvon 

et al., 1982) allowed to determine the percentage of mineral phases in the sample. Table 4 represents 

the results of the semi-quantitative analysis. These results show that the sample is composed of 

hematite (7.27%), goethite (4.05%), kaolinite (73.66%) and quartz (7.31%). Goethite and hematite 

represent 11.32% of the minerals present in the sample. The characteristic red color appears from iron 

compounds present in laterite (Maiti et al., 2013). Furthermore, kaolinite is the only clay mineral 

present in the sample. This mineral is well known for its low water absorption capacity and its 

prevalence in materials used for the production of earth bricks increases the molding properties (Kamga 

Djoumen et al., 2023). 

Table 4.  Mineralogical composition (%) of laterite 

Minerals Goethite Hematite Kaolinite Quartz Total 

% by mass 4.05 7.27 73.66 7.31 92.29 
 

3.3.5. Infrared spectroscopy 

 Figure 6 shows the infrared spectrum of the laterite sample, recorded in the frequency range 

4000-650 cm-1. The spectrum presents the vibration bands generally observed in lateritic materials. 

The assignments of the characteristic bands of the functional groups in the infrared spectrum were 

made based on the data provided in the literature. The bands observed around 3690, 3649 and 3622 

cm-1 correspond to the vibration bands of the OH groups of kaolinite (Gauly et al., 2025), (Meite et al., 

2018). The bands around 3690 and 3649 cm-1 are attributed to the vibrations of the external hydroxyls 

of kaolinite and that around 3622 cm-1 corresponds to the vibrations of the internal hydroxyls 
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(Madejová and Komadel, 2001). These bands have also been attributed to other hydroxylated 

compounds in laterites, including goethite (Djinsi Vaïmata et al., 2024). The absence of a well-defined 

peak around 3669 cm-1 suggests that the kaolinite present in the sample has a disordered structure 

(Matusik et al., 2012). The absorption band observed around 1630 cm-1 is attributed to the hydration 

water of laterite (Djinsi Vaïmata et al., 2024). The absorption bands observed around 1110 cm-1 and 

1002 are due to the stretching vibrations of the Si-O bonds of kaolinite (Madejová and Komadel, 2001), 

(Sanou et al., 2024). The infrared spectrum shows the band associated with the vibrations of the 

elongation of the Si-O-Si bond of kaolinite around 1032 cm-1 (Kouamé et al., 2021). This band has 

also been attributed to the Fe-OH bond of goethite (Ristić et al., 2006). The band around 909 cm-1 is 

attributable to the deformation vibrations of the Al-OH bonds of kaolinite (Ouedraogo et al., 2020). 

This band is also attributed to Fe-O stretching, indicating the presence of hematite in the laterite 

(Eisazadeh et al., 2011). The band at 767 cm-1 can be attributed to the Si-O-Al bonds of kaolinite 

(Kouamé et al., 2021). Thisband to767 cm-1 is also attributable to bending vibrations of the Fe-OH 

bond (Sanou et al., 2020). The spectrum also shows the presence of quartz vibration band which is 

observed at 682 cm-1, characteristic of Si-O-Si bonds (Kouamé et al., 2021). According to literature, 

the band around 682cm-1is attributable to Fe-OH vibrations and associated with the kaolinite-hematite 

composite (Ioannou and Dimirkou, 1997), (Maiti et al., 2013). 

 
Figure 6. Infrared spectroscopy 

3.4 Morphological and microstructural characteristics 

  Figure 7 presents the morphology of the laterite sample. Observation of the SEM image shows 

platelets (sheets) with irregular contours similar to kaolinite particles. Indeed, several researchers have 

characterized nanoscale kaolinite particles as having a quasi-hexagonal lamellar structure (Caillère et 

al., 1982), (Suzuki et al., 2013). These same observations have been made by other authors on clayey 

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

2023). In addition, these platelets are stacked on top of each other to form clusters. This morphology 

is similar to that generally observed in poorly crystallized kaolinites (Kouamé et al., 2021).      
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Figure 7. SEM image of the sample (a), sample mapping (b)  

Quantitative elemental analysis indicates the presence of certain elements and their mass 

percentages in the sample (Figure 8 and Table 5). The presence of the elements Si, Al, O, Fe and C is 

noted. The elements Si and Al are respectively the major constituents of the octahedral and tetrahedral 

sites of the kaolinite sheets (Bouna et al., 2020). The presence of Fe in the sample confirms the presence 

of goethite and hematite in the sample. These results are consistent with the chemical composition and 

mineralogy of the sample. 

 

Figure 8. EDS spectrum of laterite 

Table 5. Quantitative of constituents 

 
Chemical elements 

C O Al If Fe 

Weight 8.07 58.47 15.12 14.57 3.77 

Percentage 12.28 66.77 10.24 9.48 1.23 
 

Conclusion 

The purpose of this study was to characterize the lateritic soil of Chad with a view to its use in 

the eco-construction of individual houses. The study showed that:  

(a) (b) 
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- The laterite studied consists mainly of kaolinite, quartz, goethite and hematite; 

- Its physical characterization showed that its humidity rate is 1.36±0.03%, its loss on ignition is 

3.83±0.04%, its organic matter rate is 1.47±0.12% for a pH equal to 4.85±0.45; 

- It is non-swelling; 

- Its chemical composition mainly includes oxides of SiO2, Al2O3 and Fe2O3, with high percentages. 

- Microscopic observation confirms the presence of irregularly shaped, poorly crystallized kaolinite 

and quartz.    

In view of these characteristics and the values obtained after study, this lateritic earth is not 

only suitable for the construction of houses, but specifically for the production of blocks, in this case 

adobe bricks. 
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