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ABSTRACT: The characteristics of clay from Argungu deposit, Kebbi State, Nigeria was 

investigated to determine its potential industrial applications. The analysis of the purified 63 µm 

fraction of the clay was carried out using X-ray Diffraction (XRD), Fourier Transform Infrared 

Spectroscopy (FTIR), Scanning Electron Microscopy/Electron Dispersive X-Ray Spectroscopy 

(SEM/EDS) and Thermogravimetry/Differential Scanning Calorimetry (TGA/DSC) techniques. The 

XRD patterns and infrared absorption bands results confirmed kaolinite as only clay mineral present 

in the purified sample. The isotherm parameters classified the kaolinite structure as mesoporous, type 

IV and hysteresis pattern of type H3. The clay orientation exhibit non-uniform size aggregate layers 

of particle. The mineralogical and elemental composition, morphology, thermal stability, alumina and 

silica content, low or absence of toxic ions are characteristics that offer the clay as a vital raw material 

for wide range of industrial applications.  
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1. INTRODUCTION 

Kaolin is a white, soft and plastic hydrated aluminum silicate clay mineral with the ideal formula of 

Al2Si2O5(OH)4. The kaolin group including kaolinite, dickite, nacrite and halloysite are formed by 

the decomposition of orthoclase feldspar. Kaolinite is the most common member of the group with 

dominant type 1:1 phyllosilicate of two fundamental crystal sheet as tetrahedral or silica and 

octahedral or alumina sheet. In a unit structure, one octahedral sheet is linked with the apical oxygen 

ion of the tetrahedral [l]. In Nigeria, an estimated three billion metric tonnes of kaolin is found in 

deposits across the regions of the country [2].  

The multiplicity of industrial application of kaolin clay is basically due to its favourable physical and 

chemical properties. It a potential raw material in paper, ceramic, petroleum, catalyst, adsorbent, 

plastic, paint, ink, and pharmaceutical while new application are still been discovered. Kaolin clay 

have satisfactorily served the demand for filler, paper and ceramic industries [3], adsorption of heavy 

metal [4-6] and catalysts [7].  

In this study, the characterization of the clay was carried out to determine the mineralogical and 

elemental composition, morphology, thermal stability and to predict the possible industrial 

applications based on its fundamental properties.  

2. EXPERIMENTAL 

2.1 Clay Sampling and Purification  

Sampling: The clay sample was obtained from a deposit at Arugungu, Kebbi State; an extension of 

Sokoto sedimentary basin, Nigeria (12.7495o N and 4.5367 o E). The sample was obtained by taking 

properly mixed representative samples using the cone and quartering techniques. 

Purification of Clay Sample: The obtained sample was pulverized, suspended in deionized water 

for 12 hours and the particles disaggregated using agitator probe. The clay particles in the slurry was 
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sieved through 63µm sieve to remove sand particles and other impurities. The clay particles in the 

filtrate was sedimented by centrifugation for 30 minutes at the rate of 3500 revolution per minute and 

dried in an oven at 105 0C for 1 hour. 

2.2 Characterization Methods  

Characterization of the purified clay sample was carried out using analytical standard procedures. The 

determination of the qualitative and quantitative mineralogical phase composition of the sample was 

carried out with an X-Ray Diffractometer (BRUKER, AXS D8 Advance) using copper K𝛼 radiation 

(λ K𝛼1= 1.5406Å) at measurement time of 0.5 sec/step in the interval (2 theta range) of 5 – 80o. The 

Infrared spectrum of the clay from Bruker Tensor 27 Platinum ATR-FTIR, operated in the infrared 

region of 400 to 4000 cm-1. The morphology of the clay sample was imaged using TESCAN VEGA 

TS 5136LM Scanning Electron Microscope (SEM) interphase with Electron Dispersive X-ray 

Spectrometer (EDS) to determine its elemental composition. The clay particle surface area, pore-

volume and pore sizes were determined using Micrometrics Type Tristar II 3020 Surface Area 

Analyzer. Perkin-Elmer TGA 7 Thermal Gravimetric/Differential Scanning Calorimetry Analyzer 

(TGA/DSC) was used to determine the mass and phase changes as a function of temperature. 

3. RESULTS AND DISCUSSION 

3.1 XRD Characterization  

The diffraction patterns for the faces of the Argungu clay particles showed basal peaks of 001, 002, 

003 and 004 at 2θ values of 12.5, 19.8, 37.8 and 510 respectively. The prism peaks for the edges of 

the clay particles were 020, 110, 130 and 202 at their relative 2θ values of 19.8, 20, 35, and 38.50 

respectively (Fig 1). These reflection peaks for the interlayer spacing confirms kaolinite as the only 

clay mineral present in the 63 µm fraction of Argungu clay. Similar basal and prism diffraction 

peaks for kaolinite have been reported in literature [8, 9]. 
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3.2 FTIR Analysis  

The result of the FTIR spectrum of the clay is presented in Fig 2. The infrared absorptions were 

characterized by two strong bands at 3687.40 and 3619.93 cm-1 representing in-phase symmetric 

stretching vibration of surface hydroxyl groups and inner hydroxyl groups between the tetrahedral 

and octahedral sheet. These absorption bands, reaffirm Argungu clay as kaolinite. Strong infrared 

absorptions in the range of 1000 to 400cm-1 indicates; in-plane Si-O stretching assignment, 

deformation bands of inner-surface hydroxyl groups, Al-O bands and deformation bands of Al-O-Al 

and Si-O-Si (Table 1). Similar IR assignment for kaolinite have been reported in literature [10-12]. 

3.3 Surface Area and Adsorption-Desorption Isotherm  

The surface area pore structure parameter results of the clay are presented in Fig 3 and 4. The surface 

area values obtained from single point, Brunauer-Emmett-Teller (BET) measurement, Langmuir and 

t-plot (statistical thickness of adsorbed multilayer on the pore surface area) were 21.36 m2/g, 6.29 

m2/g, 65.20 m2/g and 25.54 m2/g respectively. Dubinin-Astakhov micro-pore surface area and average 

nanoparticle size were 34.08 m2/g and 95.31 nm respectively. The determination of pore-size in the 

intermediate range was calculated using Barrett, Joyner and Halenda (BJH) method. The (BJH) 

adsorption and desorption surface area of pore obtained were 26.13 and 30.33 m2/g with pore volume 

distribution values (pore diameter range from 1.7 to 300 nm) of 0.038 and 0.043 cm3/g respectively. 

The BJH adsorption and desorption average pore width were 5.87 nm and 5.70 nm respectively. The 

adsorption-desorption isotherm plot (Fig 3), classified the pure clay as typical of mesoporous structure 

(type IV isotherm) based on IUPAC recommendation. The hysteresis pattern is of type H3; typical of 

agglomerates of plate-like clay particles [13, 14]. The t-plot (Fig 4), showed an initial linear region 

which extend only at short range and deviated upward at higher values of t. This indicate that the clay 

is mesoporous and is associated with capillary condensation [15, 16].  
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3.4 SEM-EDS Analysis 

The SEM morphology of the clay as shown in Fig 5, revealed the structural orientation of Argungu 

clay predominantly exhibit aggregate layers of non-uniform size euhedral particles. Similar kaolin 

morphology have been reported in literature [17, 18]. The elemental composition of the clay obtained 

from the electron diffraction spectrum (Fig 6), showed the predominant elements as aluminum, silicon 

and oxygen with weight percentage of 19.06 %, 22.10 % and 71.06 % respectively. Other elements 

present in very low weight percentage composition are potassium (0.20 %), calcium (0.21 %), 

titanium (0.20 %) and iron (0.95 %) respectively. 

3.5 TGA-DSC Thermogram 

The TGA/DSC thermal curves of the clay measured from ambient to 600 0C at heat flow rate range 

of zero to 2.5 w/g is shown in Fig 7. The thermogram curves indicates an initial rapid loss in weight 

of 7.5 % at temperature of up to 125 0C due to loss adsorbed water molecules on the surface and 

interlayer lattice space of the clay. The second stage intensive weight loss of 8.75 % between 375 and 

525 0C correspond to dehydroxylation of structural water in the octahedral layer. The DSC 

endothermic peak at 50 0C, confirms the structural adjustment that toke place due to dehydration of 

water held at the interlayer space of the lattice structure. Endothermic phase transition peak 

corresponding to dehydroxylation resulting to formation of meta-kaolinite crystals occurred at 475 

0C. The temperature range at which the dehydration and dehydroxylation occurred is in reasonable 

agreement with literature [19, 20].  

3.6 Potential Industrial Application  

The characteristic features obtained from the characterization of Argungu kaolinite, showed the clay 

meets specification for wide range of industrial application. Its relatively large surface area, fine 

particle size, very low iron content and absence of toxic ions makes it useful for adsorption of 
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pollutants and potential raw material in paint, paper, cosmetics and as carriers for drug delivery 

system in pharmaceutical [21-24]. The high composition of silica and alumina content, low alkaline 

and iron content, low dehydroxylation temperature and very low titanium oxide compositions in the 

clay fit its application in synthesis of alumina and zeolite catalysts and production of ceramics [25, 

26].    

4. CONCLUSION 

The results of the characterization of the purified Argungu clay shows the clay mineralogical 

composition is 100 % kaolinite. Favourable properties such as high alumina and silica content, very 

low iron and titanium content, unique softness, fine particle size and non-abrasiveness of Argungu 

kaolinite satisfy its multiplicity applications: as an adsorbent in wastewater treatment, synthesis of 

alumina and zeolite catalysts, extender pigment in paint, special filler in paper making, bio-ceramic 

and wall titles and cosmetics and pharmaceutical industries.  
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Table 1. Important Vibrational Band Assignment of the purified Argungu kaolinite 

Wavenumber (cm-1) Assignment 

3687.40 Al-O-H stretching 

3619.93 Al-OH (inter-octahedral) 

1651.20 H-O-H 

1114.26 Si-O-Si 

1026.28 Si-O-H 

1000.74 Si-O 

909.81 Al-O-Al 

749.28 Al-O 

641.34 Si-O-Al 

526.35 Si-O-Si 

422.06 Si-O-Al 
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Figure 1: XRD pattern of the purified Argungu kaolinite 

 

Figure 2: FTIR spectrum of the purified Argungu kaolinite 
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Figure 3: Nitrogen adsorption and desorption isotherm plot for the purified kaolinite 
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Figure 4: t-Plot for the purified Argungu kaolinite 
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Figure 5: SEM image of the purified Argungu kaolinite 

 

Figure 6: EDS spectrum of the purified Argungu kaolinite 
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Figure 7: TGA-DSC thermogram of the purified Argungu kaolinite 
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