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1. Introduction 

Last decades , catalysts have become more and more used in the petroleum refining industry [1]. A catalyst is a 

substance that increases the rate of a chemical reaction, without being neither consumed nor produced [2, 3]. 

Catalytic cracking catalysts are solids and possess acidic properties. They are composed of a supporting matrix 

which is the major component and zeolite. The matrix are consisted of different constituents such as 

aluminosilicates and additives that are solid compounds added to improve its properties (combustion promoters, 

metal oxides ...) [4, 5, 6]. The matrix of modern catalysts for catalytic cracking are generally made of 60 to 85 

wt% of synthetic and natural components and 40 to 15 wt% of zeolite. The natural component is clay such as 

kaolinite, bentonite, etc. The synthetic component is amorphous silica or alumina silica [7]. 

Due to their abundance in nature, their specific surfaces, the presence of electrical charges on their surfaces and 

especially the cation exchange capacity interfoliar, clays are increasingly inciting much interest for catalytic 

application in the petroleum refining industry especially [1, 8]. Clays are widely used as catalyst and catalyst 

supports for a wide range of processes namely catalytic cracking, hydrocracking, reforming, isomerization, 

hydrogenation and alkylation. The most generally used in the manufacture of catalysts are kaolin and 

montmorillonite [1]. In fact, catalysts giving mainly high octane gasoline in petroleum industry have been 

produced from clays composed of halloysite, montmorillonite and kaolinites [9], so that the quantity of kaolin 

used annually for production of petroleum cracking catalysts was estimated at more than 200,000 tons [10].  

The refractory nature of kaolin is also suitable for many applications [11]. Therefore, many clayey catalysts are 

used at high pressures and high temperatures. Then, the understanding of the clay composition and nature are 

necessary for their valorization. 
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The objective of this work is to determine the mineralogical and morphological characteristics of a clay from 

Tahoua (Niger) for its possible use in the manufacture of industrial catalysts. 

2. Material and Methods 

2.1. Sampling 

The crude clay sample studied (sample B) in this work was collected in Tahoua region (14º 53’ 40’’ N, 5º 15’ 

52’’ E) of Niger (Figure 1).  

 

 
Figure 1: Location of sampling site 

 

The extraction of the clay fraction lower than 2 microns (sample A1) was realized according to the protocol of 

Médard Thiry et al. (2013) [12] .  A carbonate test is performed to facilitate the suspension of the clayey particles. 

After saturation of sample A1, with ethylene glycol for 12 hours and drying, sample A2 is obtained. Then, the 

sample were heated in an oven at 500 °C for 4 hours to obtain the A3 one.  

 

2.2. Experiments 

The X-Ray Diffraction (XRD) diagrams for all samples was recorded through a D8 ADVANCE Bruker 

diffractometer piloted by EVA software for minerals identification.  FITYK software was used for the 

quantification of the clay fraction based on  Thorez J (1976) intensities correction factors [13]. 

Infrared (IR) spectroscopy was performed in Attenuated Total Reflectance (ATR) mode with a Fourier Transform 

Bruker Alpha spectrometer equipped with a diamond crystal in the range of wavelengths from 400 cm-1 to 4000 

cm-1[14]. The specific surface (SSA) S was also determined by isothermal adsorption of acetic acid [15] given by 

equation (1):  

 

                                      𝑆(𝑚2𝑔−1) = 𝑄0 × 𝑠 × 𝐴                                                                             (1) 

 

where A is Avogadro's number (= 6,02 x 1023 mol-1), the capacity Qo is the maximum adsorption capacity (mol / 

g) and s is the area occupied by an acetic acid molecule (i.e. 21 Å2 ) [16]. 

The measurement of the cation exchange capacity (CEC) which indicates the exchange of cations between the 

clay and the free ions in aqueous solution is performed by colorimetric quantitative analysis [16, 17]. 

The elementary chemical composition of the crude sample and the clay fraction A1 was conducted through ICP-

AES (Inductively Coupled Plasma - Atomic Emission Spectroscopy). 

Scanning Electron Microscopy and Energy Dispersive Spectroscopy (SEM-EDS) experiments were also 

performed. 
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Results and discussion 

The test of carbonate content of the sample B gives a negative result indicating an easy extraction of clay fractions 

lower than 2 µm, A1. 

3.1. X-Ray Diffraction 

Figure 2 depicts the XRD pattern recorded with the crude clay (B). In Figure 2, the intense peak appearing around 

26.78 ° is characteristic of quartz [19, 20]. The presence of smectite is indicated by the peak located at 6° [21, 22]. 

Others peaks at 12.5° and 25°are relative to  kaolinite [19, 23, 24]. Figure 3 shows the results of mineralogical 

composition studies by XRD of the sample clay fraction (A1), treated with ethylene glycol (A2) and heated to 

500 °C (A3).  

 

 
Figure 2: X Ray diffraction diagrams of the crude clay (B) 

 
 

 
Figure 3: X-Ray Diffraction diagram of the clay fraction (A1), treated with ethylene glycol (A2) and heated at 500°C (A3).  
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Comparing XRD diagrams, from B to A1, it is noticed that the peaks related to quartz disappear due to purification 

indicating the efficiency of the purification method used. Quartz (SiO2) is identified as an impurity [11]. Besides, 

spectra A1 and A2 show characteristic peaks of kaolinite, smectite and illite. Then, the clay fraction is composed 

of an irregular interlayer mineral of three (3) different Smectite/Illite/Chlorite sheets and a single mineral Kaolinite 

(Al2Si2O5(OH)4) as reported by Mouna and co-workers [19, 23, 24, 25].  

The heat treatment causes kaolinite dehydrolysis. The two Kaolinite characteristic peaks previously present in the 

sample A1 and in the sample treated with ethylene glycol A2, disappear after heat treatment at 500°C (A3). Similar 

results proving the presence of kaolinite in the sample were obtained by other authors [ 24, 25]. 

The quantification of the clay fraction based on intensities correction factors gives 46.3 wt.% and 53.7 wt % for 

kaolinite and interbedded smectite/illite/chlorite respectively [13]. This This kaolin content suggests possible uses 

for the manufacture of catalysts. 
 

3.2. Infrared Spectroscopy (IR) 

The infrared spectrum of the clay fraction A1 is depicted in Figure 4. The absorption bands between 600 and 1200 

cm-1 correspond with the interatomic bonds Si-O and Al-O and indicate the alumino-silicate nature of sample 

[26]. The bands at 468 and 525 cm-1 are respectively attributed to the deformation vibrations of Si-O-Mg and Si-

O-Al bonds [8]. The bands located at 700; 810 and 935 cm-1 are related to the deformation vibration Al-Al-OH 

groups of smectite [27]. In the spectrum kaolinite presence is indicated by four absorption bands namely 695 cm-

1 , 910 cm-1, 1112 cm-1 and 1012 cm-1[28].  

 

 
Figure 4: IR spectrum of the clay fraction 

 
Besides, the bands around 1017 and 1109 cm-1 are characteristic of Si-O bond and the deformation bonds of 

hydroxyl appears at 1637 cm-1[29, 30].  

The adsorption bands at 3620 and 3696 cm-1 are characteristic of phyllosilicates such as smectite, illite and 

kaolinite. These bands also reflect the presence of the hydroxyl OH groups of clayey minerals [28]. Thus, the 

infrared results are in a good agreement of those of XRD.  

3.3. Chemical composition 

The results of the elemental chemical analysis of samples B and A1 conducted with ICP-AES are shown in Table 

1. According to Table 1, silica is predominant into the tested samples (B, A1). The ICP-AES analysis also indicate 

that the sample studied is low in leachable metals (Pb, As, Zn). High concentrations of these metals in the natural 

kaolin negatively affect catalyst performance. Thus, the chemical composition of the clayey fraction makes it an 
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excellent raw material for producing zeolite for catalysis after further purification to improve its catalytic 

properties. 

Table 1: Chemical composition of samples 

Samples 
Weight % of the elements 

SiO2 Al2O3 Fe2O3 MgO TiO2 CaO Na2O K2O P2O2 MnO 

 B 56.1 19.3 3.22 1.57 1.66 0.97 0.064 0.6 0.21 0.0093 

A1 49 23.5 4.1 2.19 1.35 1.76 0.45 0.93 0.3 0,008 

 

The Silica to Alumina ratio of different samples and the loss on ignition are given in Table 2. 

 

Table 2: SiO2 / Al2O3 Ratio and loss on ignition  

Samples SiO2 / Al2O3 loss on ignition % 

B 2.91 15.1 

A1 2.09 16.1 

 

SiO2/Al2O3 ratios of 2.91 and 2.09 obtained respectively for samples B and A1, are higher than those of standard 

kaolinite reported to be in the range of 1.73 and 1.8. Likewise, the loss on ignition (LOI) values are relatively high 

compared to standard kaolinite i.e. 14% [31]. LOI represents the weight of hydroxyl, organic materials and other 

volatile component contained in the clay samples  [32]. These SiO2/Al2O3  ratios and LOI values are probably due 

to an abundant quartz contents and interbedded mineral smectite/illite/chlorite [20] and the presence of free quartz 

in the samples studied [19, 29]. The pH of the clay fraction (A1) is 7. Thus, A1 is neutral according to pedological 

referential [34].  

Clays are phyllosilicates characterized by cation exchange capacity (CEC). The CEC of this clay fraction (A1) 

being 6.36 meq/100g is within the Kaolinite range [18]. However, Maman and coworkers (2017) found higher 

CEC values respectively 8.2 and 8.4 mEq / 100g for two kaolinite samples studied. Then, This CEC value can be 

explained by the abundance of quartz impurity [35, 36].  

The specific surface area determined is 15.26 m2/g. This value agreed with  SSA of kaolinite [37, 38]. An acid 

activation can increase this specific surface area for a good catalyze [39]. 

 

3.4. Scanning Electron Microscopy and Energy Dispersive Analysis (SEM-EDS) 

SEM images of the clay fraction are shown in Figure 5. This SEM imaging of clay fraction (A1) depicts a typical 

structure of conventional kaolinite. The weakly resolved structures are probably due to the presence of other 

crystalline structures as impurities in the sample [23]. The pseudo-hexagonal and stratified structure of kaolinite 

is observed in Figure 5 (a) [10, 24]. 

 

 
Figure 5: SEM Images of clay A1 at different magnifications 100 µm (a), 20 µm (b) and 2 µm (c). 
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Micrographs (b) and (c) on Figure 5 show that clay particles form rod-shaped with irregular contours. This 

morphology is characteristic of kaolinite and illite poorly crystallized [33]. In fact, these results confirm the XRD, 

IR and ICP-AES analyzes. The Energy Dispersive Spectrum of sample A1 is presented in Figure 6 below.  

 

 
Figure 6: Energy Dispersive Spectrum of the clay fraction. 

Small quartz grains are observed in Figure 6 as predicted by elemental analysis. Then the amount of quartz in the 

clay is characteristic of Tahoua clay. However, the mineralogical and morphological characteristics of this clay 

are suitable for catalysts manufacture. 

 

Conclusion 

The study undertaken here has dealt with the mineralogical and morphological characterization of a clay from 

Tahoua region in Niger. This clay is mainly composed of kaolinite 46.3 wt%, three different Smectite / illite / 

chlorite sheets with a high quartz proportion of about (49%). The kaolin character of the sample studied is 

confirmed by the X-Ray Diffraction and Infrared spectroscopy. The 6.36 meq / 100g CEC values, the specific 

surface area of 15.26 m2 / g, the SiO2/Al2O3 ratios of 2.09 and the loss on ignition value namely 16.1% of the clay 

fraction are closed to the standard values despites the presence of free quartz as impurity. The pseudo-hexagonal 

and stratified structure of kaolinite was also observed by Scanning Electron Microscopy. Altogether, the 

characteristics of the clay from Tahoua in Niger is a good candidate as a support in the manufacture of industrial 

catalysts for a petroleum catalytic cracking operation. 
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