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Abstract 

Clay minerals are the most important industrial minerals whose application is 

dependent on its structure and chemical composition. Mineralogical, chemical 

compositions, phase constitutions, and microstructural morphology of certain 

clay minerals from three different deposits in south western Nigeria were 

investigated using state-of-the-art equipment. These were done with the 

intention of determining the appropriate application for the clay minerals. It 

was observed that the major phases in the clay samples from the three 

different deposits are kaolinite, microcline, muscovite/illite, plagioclase/albite 

and quartz. These phases were observed in varied percentages. It was 

concluded that sample A (Ifon clay) which contains very low kaolinite 

(5.63%); could not use for making high temperature caliber refractories. But 

due to its high content of feldspar, it could be processed for the production of 

feldspar for glass and iron making industries. Sample B is considered to be 

appropriate for the production the refractory composite due to its most 

appropriate content of both kaolinite (23.74% kaolinite) and feldspars 

(26.12% microcline and 11.28% plagioclase/albite) which is necessary for 

producing mullite fibers in ceramic matrix at a temperature of around 1400oC. 

Sample C (Iseyin clay), which contains very low feldspars (3.00% microcline 
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and 3.08% plagioclase/albite) and high content of kaolinite was considered 

suitable for further processing for making high temperature caliber 

refractories. 
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Introduction 

 
Clay minerals are the most important industrial minerals. Millions of tons are utilized 

yearly in various applications. These applications include uses in geology, the process 

industries, agriculture, environmental remediation and construction. 

The reason for utilization of certain clay minerals in specific application is that the 

physical and chemical properties of a particular clay mineral are dependent on its structure 

and composition. The structure and composition of kaolins, smectites, and palygorskite and 

sepiolite are very different even though they each have octahedral and tetrahedral sheets as 

their basic building blocks. However, the arrangement and composition of these octahedral 

and tetrahedral sheets account for major and minor differences in the physical and chemical 

properties of kaolin, smectites and palygorskite [1]. 

Clays have received considerable attention especially as potential adsorbents for 

environmental research. Many researchers around the world, have beamed their search lights on 

the phase developments that occurred by sintering clay in the presence of some oxides [2, 3, 4]. 

Deposits of clay raw material are widely distributed in Nigeria [5-12]. In order to 

determine the profitability of utilizing clay from a particular deposit for any application, it is 

of paramount importance to examine the microstructural morphology, determine the 

mineralogical composition and analyse the various available phases in such clay deposit. This 

work is aimed at characterization of clays from three different deposits in South West Nigeria. 

The deposits under investigation include; Ifon clay (Sample A), Ipetumodu clay (Sample B) 

and Iseyin clay (Sample C).  

Ifon is a town in Ondo State, Nigeria. Its geographical coordinates are 6°55' 0" North, 

5°46' 0" East. It is the headquarters and seat of government of Osẹ Local Government Area. 

Ifon is a junction town with two axes to Edo State and one to the rest of Ondo State. It lies at 
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about the mid-point on the Federal Highway that connects Akurẹ and Benin City. It has a 

population of over Forty Six Thousand (46,000) in the 1991 census. 

Ipetumodu is a town in Osun State, in the southwestern part of Nigeria. The size of the 

town is 64 km2 (25 sq/mi). The town is the headquarters of Ife North local government Area. 

It is located at an elevation of 227 meters above sea level and its population amounts to 

164,172. Its coordinates are 7°31'0" N and 4°27'0" E. 

Iseyin is an ancient town in Oyo State, Nigeria. It is located on Latitude 7° 59' 38" N 

and Longitude 3° 35' 51" E. It has a population range of between 100,000 and 250,000. 

Location of Iseyin in The Times Comprehensive Atlas of the World is plate 86 C8. 

The aim of this investigation is to predict accurate applications for each of the clay. 

 

 

Material and method 

 

Clay samples used in this study were sourced from selected locations in the south 

western part of Nigeria, namely; Ifon in Ondo State, Ipetumodu in Osun State and Iseyin in 

Oyo State. The clay samples were collected according ASTM D4220M – 14. 

The clay samples were first soaked in water for three days to dissolve the deleterious 

materials in them and at the same time to form slurry. The slurries were then sieved to remove 

deleterious materials and other foreign substances. The sieved slurries were then allowed to 

settle down for three days after which the clear floating water was decanted. The dispersed 

fine clays in water (clay slurries) were then poured into plaster of Paris (P.O.P) moulds and 

left undisturbed for three days in order to allow the remaining water present to drain out 

completely. 

The resulting plastic clay masses were sun dried and subsequently dried in a 

laboratory oven at 110°C for 24 hours. The resulting dried clay samples were crushed and 

milled in a Rawwley Sussex grinder to an average particle size of 300µm. From this 

representative samples were collected and sent for various analysis. 

 
Qualitative and quantitative XRD 

The samples were prepared for XRD analysis using a back loading preparation method 

[13]. They were analysed using a PANalytical X’Pert Pro powder diffractometer with 

X’Celerator detector and variable divergence- and receiving slits with Fe filtered Co-Kα 

http://www.amazon.co.uk/dp/0007236700/ref=nosim?tag=collinbartho-21
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radiation. The phases were identified using X’Pert Highscore plus software. The receiving slit 

was placed at 0.040°. The counting area was from 5 to 70° on a 2θ scale. The count time was 

1.5 s. The temperature-scanned XRD data were obtained using an Anton Paar HTK 16 

heating chamber with Pt heating strip Graphical representations of the qualitative result 

follow below. 

The relative phase amounts (weight %) was estimated using the Rietveld method 

(Autoquan Program) as reported by Young et al [14]. Amorphous phases, if present were not 

taken into consideration in the quantification. The results obtained are presented in Figures 1, 

2, 3 and Table 2. 

 
Scanning electron microscopy 

Morphology and microanalysis of the clay and composite samples were determined 

using ultra-high resolution field emission scanning electron microscope (UHR-FEGSEM) 

equipped with energy dispersive spectroscopy (EDS). The pulverized clay samples were 

previously gold coated. The samples were studied using ultra-high resolution field emission 

scanning electron microscope (UHR-FEGSEM) equipped with energy dispersive 

spectroscopy (EDS). Particle images were obtained with a secondary electron detector. The 

SEM/EDS micrographs of the powder clay samples are shown in Figures 4 a, b and c. 

Chemical analysis 

(a) X-Ray Fluorescence (XRF) 

The major elements were determined by X-ray fluorescence with an ARL® 9800 XP 

spectrometer. The pulverized clay samples were mixed with lithium tetraborate for chemical 

analysis. The ignition loss was measured by calcinations at 1000 °C. The XRF result is shown 

in Table 1 

(b) Atomic Absorption Spectroscopy (AAS) 

The chemical analysis of the clay samples was also carried out using atomic 

absorption spectrophotometry (AAS) method with Spectra AA 220 FS Machine. The 

percentage compositions of the various constituents were then recorded in Table 3. 
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Results and discussion 

 
Table 1, 2 and 3 respectively shows XRF Semi-quantitative analysis of the elements of 

raw clay samples, XRD results of the raw clay samples showing the quantity of different 

phases present (weight %), and Atomic Absorption Spectroscopy Result of raw Clay Samples 

(weight %). Figures 1, 2 and 3 respectively shows X-ray diffraction pattern of sample A: 

Identified major mineral phases includes silica, iron oxide, magnesite, and alumina, X-ray 

diffraction pattern of Sample B Identified major mineral phases includes silica, alumina, 

hematite and titania, X-ray diffraction pattern of Sample C Identified major mineral phases 

includes; silica, alumina, hematite and titania. 
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Figure 1. X-Ray diffraction pattern (phase analysis) of sample A 

From Table 2 the different phases that exist in the raw clay samples are clearly shown; 

it is seen that raw samples A and B feldspar’s composition are higher than any other phases 

present in the clay samples, while sample C is observed to contain very low feldspar in 

comparison with samples A and B. According to Brown et al. [15] feldspars are the most 

abundant mineral group found in Earth’s crust. Albite (NaAlSi3O8) anchors the two main 
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feldspar compositional series: the alkali feldspars (Na, K) AlSi3O8 and the plagioclase series 

(Na, Ca)Al(Si, Al) Si2O8.  
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Figure 2. X-Ray diffraction pattern (phase analysis) of sample B 
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Figure 3. X-Ray diffraction pattern (phase analysis) of sample C 
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Albite has triclinic symmetry, which is common for the "low temperature" alkali-

feldspar and albite-rich plagioclase with ordered aluminium and silicon in the tetrahedral 

sites. This could account for the presence of potassium, sodium and calcium oxides in the clay 

deposits as show in Tables 1 and 2. The presence of Magnesium oxide in the clay samples 

suggests the presence of a talc phase, which could also accounts partly for the presence of the 

iron oxide [16]. 

Table 1. XRF analysis of the elements of raw clay samples (weight %) 
Phases A B C 
Al2O3 22.42 25.03 22.729
SiO2 63.35 57.482 62.292
Fe2O3 6.109 9.226 7.266
K2O 2.878 1.259 1.36 
MgO 1.351 0.91 0.985
CaO 0.689 0.763 0.541
Na2O 0.789 0.372 0.259
TiO2 0.923 1.512 1.046
Zr 0.045 0.103 0.056

Total 99.1 97.1 97.1 
 

Table 2. Chemical composition of raw clay samples (%) 
Samples SiO2 Al2O3 Fe2O3 TiO2 CaO MgO Na2O K2O LOI* 

A 56.77 27.46 1.32 1.96 0.18 0.14 0.04 1.62 10.27 
B 54.82 25.90 1.44 2.08 0.12 0.15 0.2 1.57 11.64 
C 59.42 35.88 2.42 1.40 0.17 0.15 0.04 0.09 11.66 

*LOI = Loss on Ignition 
 

The presence of iron in the clay samples is clearly observed although in various 

amounts; this has been supported by various researchers as a rule rather than exception [17-

28]. From this it can be said that samples A and B except with the addition of some additive 

that will improve on their refractory properties, cannot be used to produce good refractory 

materials for high temperature applications because of their high content of feldspars which 

favor liquid phase formation and densification at low temperature [29-34].  

Moreover, feldspars are important raw materials for ceramic and glass industries and 

chemical compositions; especially alkali contents determine their quality and price [35]. The 

most part of feldspars used in the industry are potassium-sodium feldspars. The most 

important of them are microcline and a microcline-perthite (microcline with plagioclase 

interpositions). Industrial application of feldspars is based on their ability to fuse at relatively 

low temperatures generating glass. 
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Feldspar with other compounds (Kaolin, quartz, etc.) generates porcelain. Therefore 

the basic fields of application of feldspar are ceramics and glass industries, where it is one of 

the major components in ceramic, glass, glaze and enamel mixtures. 

Table 3. XRD Result of the raw clay samples showing the quantity of different phases Present 

Phases A (weight %) B (weight %) C (weight %) 
Kaolinite 5.63 23.74 39.71 

Microcline 30.90 26.12 3.00 
Muscovite/Illite 3.81 15.02 14.66 

Plagioclase/ Albite 18.22 11.28 3.08 
Quartz 41.42 23.84 39.55 

 

            
   (a)       (b) 

 
(c) 

Figure 4. Typical SEM/EDS micrographs of (a) Sample A, (b) Sample B (c) Sample C: 
showing the morphology of the mineral and its chemical composition 
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From Table 3, it is observed that sample A (Ifon clay) contains the least amount of 

kaolinite (5.63%) and muscovite/illite (3.81%) compare to the other two clay samples. This 

made it (sample A) a candidate for further processing for the production of feldspar. Sample 

B contains comparatively high contents of kaolinite and feldspar hence it is a candidate for 

the production of mullite fibber reinforced ceramic composite (since it is the kaolinite that 

will form mullite when fired above 1400°C in the presence of enough feldspar). 

Feldspar is necessary for the production of liquid phase during sintering which 

accelerates reactions and contributes to the formation of high-temperature crystalline 

compounds and densification of ceramics [36]. Sample C has low content of feldspar and 

comparatively high content of kaolinite; this makes it suitable for the production of high 

temperature caliber refractories. 

 

 
Conclusions 

 

From the generated and analyzed data in the research work, it could be concluded that; 

• The major identified phases in the clay samples from the three different deposits are 

kaolinite, microcline, muscovite/illite, plagioclase/albite and quartz; 

• Sample A (Ifon clay) contains very low kaolinite (5.63%); could not use for making high 

temperature caliber refractories. But due to its high content of feldspar, it could be 

processed for the production of feldspar for glass and iron making industries  

• Sample B is considered to be appropriate for the production the refractory composite due 

to its most appropriate content of both kaolinite (23.74% kaolinite) and feldspars (26.12% 

microcline and 11.28% plagioclase/albite) which is necessary for producing mullite fibers 

in ceramic matrix at a temperature of around 1400°C 

• Sample C (Iseyin clay) contains very low feldspars (3.00% microcline and 3.08% 

plagioclase/albite) and high content of kaolinite. This makes it suitable for further process 

for making high temperature caliber refractories. 
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