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Abstract: The concept of green chemistry has 

in recent times played a vital role in the 

processing of feedstocks from locally sourced 

materials for the production of vast industrial 

products. This has, to a greater extent, 

resulted in the sustainability of a greener 

environment and economy. This research 

aimed to evaluate the mineral composition, 

characterization, and modifications of clay 

obtained from southern Nigeria. The clay 

sample collected at Ikot Ekang, Etinan Local 

Government Area, Akwa Ibom State, Nigeria, 

was leached with a mixture of concentrated 

tetraoxosulphate (VI) acid and trioxonitrate 

(V) acid (4:1 v/v) to obtain acid-leached clay 

(AC). The acid-treated clay was calcined at a 

high temperature of 1050 °C for 2 hours to 

obtain modified calcined clay (CC). The 

untreated clay was labeled OC. The surface 

characteristics, functional groups, minerals, 

oxides, and elemental compositions of OC, 

AC, and CC were evaluated using standard 

methods. The OC and AC show three 

absorption bands at 3623–3693.8 cm-1 

regions. These peaks were absent in the CC 

sample. There was no significant difference at 

p ˂ 0.05 in the mineral composition among 

the OC, AC, and CC samples, and the p-value 

was 0.999958. The Pearson correlation 

coefficient shows that the minerals of sample 

CC were strongly positively correlated with 

those of OC (R = 0.774; R2 = 0.5991) and AC 

(R = 0.9436; R2 = 0.8904). The percentage of 

quartz, syn, muscovite, and orthoclase 

minerals in OC, AC, and CC varied between 

31–56%, 8.1–23%, and 1.87–9.8%, 

respectively. The surface morphology of the 

OC sample was plate-like, while surface 

porosity increased from AC to CC. The clay 

sample from southern Nigeria is mainly 

kaolinite clay, and the modification of clay 

through leaching with acid and calcination 

improves the mineral composition and quality 

of the clay minerals. 
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1.0   Introduction 
 

One of the essential components of ceramics 

is clay. It is a weathering product of natural 

sedimentary rocks and other types of primary 

rocks and is a common soil component, 

consisting mainly of crystalline particles of 

one or more minerals that are structurally 

different from one another and are known as 

clay minerals (CMs) (Wu et al., 2023; Ruiz et 

al., 2023; Ekpa and Isaac, 2008; Stocchi, 

1990). Clay can be classified based on the 

ratios of CMs as montmorillonite when the 

ratio of montmorillonite and kaolinite 

minerals is 2:1, while kaolin clay is classified 

when the ratio of the above-mentioned CMs 

is 1:1 (Wu et al., 2023). Nascimento et al. 

(2016) also referred to clay as a natural, fine-

grained mineral with plastic behaviour at 

appropriate water contents that will harden 

when fired or dried and is primarily hydrated 

aluminosilicates in which magnesium and 

iron can replace the aluminum wholly or 

partly with alkaline or alkaline earth 

elements. 

Also present in the clay are rare earth 

elements (REE), among which are lanthanum 

(La), cerium (Ce), praseodymium (Pr), 

neodymium (Nd), promethium (Pm), 

samarium (Sm), europium (Eu), gadolinium 

(Gd), terbium (Tb), dysprosium (Dy), 

holmium (Ho), erbium (Er), thulium (Tm), 

ytterbium (Yb), lutetium (Lu), scandium (Sc), 

and yttrium (Y) that are often referred to as 

"industrial vitamins" (Xu et al., 2021). REE 

are essential components of functional 

materials such as fluorescence, magnetism, 

and hydrogen storage materials for use in 

various fields, such as aerospace, mobile 

communication, new energy, energy 

conservation, and industry (Wu et al., 2023). 

The stronger hydrophilicity property of CMs 

(Shi et al., 2023) could enhance their 

application as reinforcing agents in the 

preparation of water-dispersible alkyd resin 

biopolymer composites for use as binders in 

emulsion coatings. Clay and clay minerals in 

polymers or other materials can also improve 

the mechanical, thermal, barrier, and fire 

retardancy properties of the polymer (Gogoi 

et al., 2014). The use of acid-activated clay as 

an alternative material for bleaching palm oil 

has been reported (Ekpa and Isaac, 2008; 

Isaac et al., 2020). 

The two main groups of clay minerals are the 

kaolins and the montmorillonites. The kaolins 

have the empirical formula Al2Si2O5(OH)4, 

while that of montmorillonites is 

Al2Si4O10(OH)2. The kaolin group includes 

kaolinite, nacrite, dickite, and halloysite; 

halloysite can also exist in a hydrated form 

having the formula Al2Si2O5(OH)4.2H20 

(Worral, 1982). When kaolinite, nacrite, or 

dickite CMs are heated above 450 °C, meta-

kaolin is formed (Equation 1) that behaves as 

if it were simply a mixture of finely divided 

silica and alumina. When CMs are heated 

over about 1000 °C, the products are mullite 

and free silica, which may be represented as 

shown in Equation 2 (Worrall, 1982). 

                 

 
Clay minerals are critical components for 

fired bricks because they provide plasticity, 

porosity, and adequate strength for the 

desired products (Wang et al., 2022). Lei et 

al. (2022) characterize the clay minerals in 

the Sichuan Basin to consist mainly of detrital 

smectite, I/S and illite, authigenic talc, and 

Mg-smectite that transformed from sepiolite, 

in which Mg originated from high-Mg2+ 

parent calcites and Si was due to seawater 

mixing with <∼5% terrigenous and <∼0.05% 

hydrothermal contributions. Also, literature 

shows that the Middle Permian limestone 

marl alternations (LMAs) in South China are 

not only rich in smectites, illites, and I/S but 

also contain large amounts of authigenic Mg-

phyllosilicates, such as sepiolites, talcs, 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/montmorillonite
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/illite
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/sepiolite
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/calcite
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kerolites, Mg-smectites (stevensites), and 

mixed layers (Lei et al., 2022; Gao et al., 

2020; Su et al., 2020; Cai et al., 2019: Li et 

al., 2018). 

The effects of natural and calcined halloysite 

clay minerals as low-cost additives on the 

performance of 3D-printed alkali-activated 

materials have been reported (Chougan et al., 

2022). The results show that the calcined 

halloysite clay at 1.5 wt% enhances the 

performance of the 3D printing in terms of 

shape stability, buildability, and mechanical 

properties as compared to the control mixture. 

Also, incorporating 0.5 wt% of attapulgite 

nano-clay in the alkali-activated materials 

increased thixotropic behaviour and 3D 

printing performance (Panda et al., 2019). 

Gelatin is a biodegradable, biocompatible, 

and low-production-cost protein material, but 

this biopolymer on its own has poor 

mechanical properties that limit its 

application in bioengineering systems. But 

with the emergence of nanoclay composites, 

there has been a tremendous improvement in 

the properties of this biopolymer in terms of 

mechanical and thermal properties (Pour-

Esmaeil et al., 2014). 

Nigeria, mostly the southern part, is endowed 

with natural resources ranging from 

agricultural resources, medicinal plants (Isaac 

et al., 2022a; Isaac et al., 2022b), and mineral 

resources that are untapped due to the 

dependence of her economy on crude oil 

alone. It is therefore important for scientific, 

economic, and development sustainability to 

explore and exploit this important raw 

material, clay, in the southern part of Nigeria. 

Hence, this study is aimed at characterizing 

and processing clay via acid leaching and 

calcination obtained from the southern part of 

Nigeria.  
 

2.0 Materials and methods  

2.1 Sample collection and pre-treatment 
 

The basin in which the clay minerals were 

collected was located at a road construction 

site along Ikot Ekang, Etinan Local 

Government Area of Akwa Ibom State, 

Nigeria (Figs. 1a and 1b). The clay sample 

was collected in a polyethylene bag and taken 

to the department of chemistry laboratory at 

Akwa Ibom State University. Pre-treatment 

of the clay sample was carried out based on 

the method described in the literature (Ewis et 

al., 2022) with slight modifications. 500 g of 

the clay minerals were macerated in 2000 ml 

of distilled water and stirred with a 

mechanical stirrer for 1 hour to obtain a 

uniform mixture. The mixture was filtered 

with muslin cloth folded many times to obtain 

the finest clay particle size. The filtrate was 

dried in an oven and pulverized to obtain a 

powdered clay sample that was referred to as 

ordinary clay (OC). 

 
Fig. 1a Map of the study area 
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Fig. 1b Road construction site along Ikot Ekang, Etinan L.G.A., Akwa Ibom State-

Nigeria 
 

2.2 Acid leaching of the clay mineral 
 

The clay sample was leached with aqua regia 

prepared following a literature report (Gogoi 

et al., 2014) with slight modifications as 

follows: A 500-ml mixture of concentrated 

tetraoxosulphate (VI) acid and trioxonitrate 

(V) acid (4:1, v/v) was prepared by slowly 

adding 100 ml of trioxonitrate (V) acid to 400 

ml of concentrated tetraoxosulphate (VI) 

acid. The clay sample, 50 g, was treated with 

160 ml of freshly prepared aqua regia at 

ambient temperature. The mixture was stirred 

continuously for 16 hours. The acid-treated 

clay was washed with distilled water until 

neutral. It was then dried in an oven at 105 °C 

to remove any remaining water. The dried 

sample was labeled "AC". 

2.3 Calcination of acid-leached clay 

The acid-leached clay sample was calcined in 

a laboratory furnace at a temperature of 1050 

°C for 2 hours (Worrall, 1982) to eliminate 

water molecules and obtain a fine sample of 

clay mineral that was labelled CC. This was 

preserved in a plastic bottle for analysis. 
 

2.4 Instruments and measurements 

2.4.1 Fourier Transform Infrared 

Spectroscopy (FT-IR) 
 

The FT-IR of samples OC, AC, and CC was 

recorded in the FTIR Nicolet, Impact 410 

spectrophotometer, USA, following the 

procedure described in the literature (Isaac 

and Hameed, 2020). Small amounts of the 

powdered clay samples OC, AC, and CC, 

respectively, were thoroughly ground with 

KBr, and tablets or pellets were prepared by 

compression under vacuum. 
 

2.4.2 Powdered X-ray Diffractometry 

(PXRD) 
 

The PXRD measurements of the clay samples 

were carried out in a Rigaku X-ray 

diffractometer (Miniflex, UK) using CuK 

(=0.154 nm) radiation at a scanning rate of 1 

min-1 with an angle ranging from 10 to 80 

degrees to study the composition of the clay 

samples. 
 

2.4.3 Scanning Electron Microscope (SEM) 
 

The surface morphology of the OC, AC, and 

CC samples was studied by a JEOL scanning 

electron microscope (model JSM-6390LV) at 

an accelerating voltage of 5–15 KV. The 

surfaces of the clay samples were Pt-coated 

before evaluation. 
 

2.4.4 Energy Dispersive X-Ray Spectroscopy 

(EDS) analysis 
 

EDS analysis was performed using an EVO 

40 electron microscope (Karl Zeiss Jena, 

Germany) to obtain the mean elemental 

compositions of the samples analyzed 
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following the procedure described in the 

literature (Janek et al., 2009). 
 

2.4.5 X-Ray Fluorescence (XRF) analysis 
 

The oxide compositions of the ordinary clay 

(OC), acid-treated clay (AC), and calcined 

clay (CC) minerals were determined using the 

Xsupreme 8000 X-ray Fluorescence (XRF) 

Spectrophotometer following a literature 

report (Isaac et al., 2020; Jamo, 2016). 
 

2.5 Data analysis 
 

The results were expressed as mean ± SD 

(standard deviation). A one-way ANOVA 

with Tukey’s HSD test was used for the 

analysis of the data at a significant level of P 

˂ 0.05. Pearson’s correlation analysis was 

used for the analysis of the correlation among 

minerals and oxide compositions of OC, AC, 

and CC. 
 

3.0 Results and discussion 

3.1 Mineral and elemental composition of 

OC, AC, and CC samples 
 

The mineral composition of the raw clay 

sample OC, as revealed by the PXRD result, 

is shown in Figs. 2(a) and (b). It is observed 

that the clay sample is mainly kaolin, 

composed of 31% quartz, syn (SiO2) (a 

silicate mineral), 12% albite (Na(AlSi3O8)) (a 

plagioclase feldspar mineral of the 

tectosilicate class), and 1.87% orthoclase 

(KAlSi3O8) (an alkali feldspar mineral, a 

potassium aluminosilicate of the silicate 

class). Others include 23% muscovite 

(H2KAl3(SiO4)3) (a hydrated phyllosilicate 

mineral of aluminum and potassium-silicate), 

11.6% nacrite (Al2Si2O5(OH)4) (kaolinite), 

11% osumilite 

(K,Na(Fe,Mg)2(Al,Fe)3(Si,Al)12O30) (silicate 

mineral), and 9.7% illite 

(K,H3O)(Al,Mg,Fe)2(Si,Al)4O10[(OH)2,H2O]

) (phyllosilicate mineral). Lawal et al. (2022) 

stated that kaolin is a white, soft, and plastic-

hydrated aluminum silicate clay mineral 

composed of kaolinite, dickite, nacrite, and 

halloysite that is formed by the 

decomposition of orthoclase feldspar. The 

structure of kaolinite clay has been shown to 

consist of sheets of SiO2 (silica) tetrahedral 

bonded to sheets of Al2O3 (alumina) 

octahedral (Sachan and Penumadu, 2007). 

The energy dispersive X-ray spectroscopy 

(EDS) analyses that gave the elemental 

composition of the OC sample are given in 

Fig. 3. The chemical composition of the clay 

shows a high percentage of silicon (Si) 

(53.60%), which corresponds to quartz. The 

percentage of aluminum (Al) (16.40%) also 

indicates that it is Al-rich, which is a 

characteristic of muscovite. Janek et al. 

(2009) state that muscovite is an aluminum-

rich variety of mica with significant K+ 

alongside the Na+ in the interlayer galleries. 

The percentages of other elements such as 

iron (Fe), calcium, and sodium (Na) were 

8.50%, 3.34%, and 3.20%, respectively. 

 

 
Fig. 2(a) Qualitative powdered XRD spectrum of ordinary clay sample OC 
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Fig. 2(b) Quantitative powdered XRD result of the ordinary clay (OC) 

 

 
Fig. 3 EDS spectrum of OC sample 

The ordinary clay sample was subjected to 

acid leaching using a mixture of concentrated 

tetraoxosulphate (VI) acid and trioxonitrate 

(V) acid (4:1, v/v) at ambient temperature. 

Under the acid-leaching condition, the XRD 

analysis of the clay showed that the mineral 

composition was slightly different. Kaolinite 

(8.4%) mineral formation may be from 

nacrite mineral that was present in the OC 

sample (Fig. 2b) but absent in the AC and CC 

samples (Figs. 4b, 6, and 7b). The percentage 

composition of quart (56%) and orthoclase 

(6%) minerals was improved by acid 

leaching, while those of albite (6.3%), 

muscovite (8.1%), illite (7%), and osumilite 
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(7.8%) minerals were decreased (Figs 3b and 

5). Jin et al. (2021) stated that potassium 

feldspar can react with H+ in solution, lose K+ 

in the presence of H+ and water, and form 

kaolinite or illite and SiO2. This reaction also 

explains the sudden increase in silica content, 

from 68.406% in OC to 72.370% in AC, as 

shown in Fig. 6. 

There was no significant difference at p ˂ 

0.05 in the mineral composition between the 

OC and AC samples. However, the Pearson 

correlation coefficient shows that the 

minerals of sample AC were moderately 

positively correlated with the minerals of 

sample OC (R = 0.7355; R2 = 0.541). The 

correlation result was significant at p ˂ 0.05, 

and the p-value was ˂ 0.03757. This implies 

that acid leaching of the clay improves the 

quality of the mineral composition in the clay 

sample. 

The EDS result of the AC clay sample that 

shows the elemental composition of the acid-

treated clay is represented in Fig. 5. Except 

Ca and Na, which were completely absent in 

the acid-leached clay, the other elements 

found in the OC sample were also present in 

the acid-leached clay but with varying weight 

percentages. This may be because the oxides 

of these metals reacted with the acid to 

convert them to soluble nitrates or sulphates. 

The weight percentage of Al, Si, Mg, and Fe 

reduces to 9.10%, 13.72%, 0.32%, and 

6.52%, respectively (Fig. 5). 

 

 
Fig. 4(a) Qualitative powdered XRD spectrum of acid leached clay sample AC 

 
Fig. 4(b) Quantitative powdered XRD spectrum of acid leached clay sample AC 
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Fig. 5 EDS spectrum of AC sample 

 
Fig. 6 Mineral composition of OC, AC, and CC clay samples 

 

The PXRD result (Figs. 7a and 7b) of CC is 

unique and differs greatly from those of OC 

and AC. The mineral composition of CC as 

listed in the PXRD includes quart (51%), 

albite (5.1%), orthoclase (9.8%), muscovite  

 

(16%), dickite (8.2%), osumilite (7.0%), and 

illite (2.8%). In comparison with the mineral 

compositions of OC and AC, as shown in Fig. 

5, the percentage of quart minerals in CC was 

higher than that of OC and slightly lower than 
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that of AC. Albite minerals were lower than 

those of OC and AC, while orthoclase 

minerals were present in high concentrations 

compared to those of OC and AC. Muscovite 

mineral content in CC was greater than that of 

AC and lower than that of OC. Dickite 

mineral was present only in the CC sample 

and was completely absent in the OC and AC 

samples. Osumilite mineral concentration 

decreases from OC to CC, while illite has the 

highest concentration of 9.7% in OC, 

followed by 7.0% in AC, and its 

concentration in CC is the lowest (2.8%) (Fig. 

5). Nacrite and kaolinite minerals were 

completely absent in the calcined clay 

sample. 

The elemental analysis (EDS) result (Fig. 8) 

shows that the weight percentage of Al of 

9.10% and that of Fe of 6.52% (Fig. 13) were 

the same with AC. Those of Si (23.73%), Mg 

(1.32%), and Fe (6.52%) (Fig. 13) were 

higher than those obtained in the AC sample. 

Ca (3.25%) and Na (2.24%) that were 

completely absent in AC are present in CC. 

There was no significant difference at p ˂ 

0.05 in the mineral composition among the 

OC, AC, and CC samples, and the p-value 

was 0.999958. Also, there was no significant 

difference at p ˂ 0.05 between OC and CC 

mineral compositions (p-value = 0.996265) 

and AC and CC mineral compositions (p-

value = 0.996631). However, the Pearson 

correlation coefficient shows that the 

minerals of sample CC were strongly 

positively correlated with the minerals of the 

OC sample (R = 0.774; R2 = 0.5991). The p-

value was ˂ 0.024188, and the correlation 

result was significant at p ˂ 0.05. There was 

also a strong positive correlation between AC 

and CC mineral compositions (R = 0.9436; R2 

= 0.8904). The p-value was ˂ 0.00043, and 

the correlation results were significant at p ˂ 

0.05. Treatment of the clay with a mixture of 

strong acids eliminates the nacrite mineral 

and forms the kaolinite mineral. On the other 

hand, calcination of the clay formed another 

important clay mineral, dickite (Figs. 6 and 

7b). 

 

 
Fig. 7(a) Qualitative powdered XRD result of calcined clay (CC) 
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Fig. 7(b) Quantitative powdered XRD result of calcined clay (CC) 

 

 

 

 
Fig. 8 EDS spectrum of CC sample 

 

3.2 Oxides composition of OC, AC, and CC 

samples 
 

The major oxides present in the OC clay 

mineral as obtained by XRF analysis (Fig. 9) 

include quart with the highest percentage of 

68.406%, followed by Al2O3 (20.175%), 

Fe2O3 (3.254%), TiO2 (2.885%), CaO 

(1.506%), K2O (1.226%), and SO3 (0.449%). 

The percentage composition of other oxides 

such as V2O5, Cr2O3, MnO, NiO, CuO, ZnO,  

 

Ag2O, and Ce2O (Fig. 9) was insignificant 

among OC, AC, and CC samples. 

There was no significant difference at p ˂ 

0.05 in the oxide composition between the 

OC and AC samples. But the Pearson 

correlation coefficient shows that the oxides 

of sample AC were strongly positively 

correlated with the oxides of sample OC (R = 

0.9992; R2 = 0.9984). The correlation result 

was significant at p ˂ 0.05, and the p-value is 

˂ 0.00001. This implies that acid leaching of 
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the clay improves the quality of the oxide 

composition in the clay sample. 

With the exception of SiO2, which has the 

highest percentage composition of 73.663% 

when compared with those of OC and AC 

samples (Fig. 9), the oxide composition of the 

CC sample was similar to that of OC and AC, 

but its percentage composition was smaller 

compared to that obtained for OC and AC. 

Acid treatment of the clay sample has 

improved the percentage composition of 

some oxides, such as SiO2 of 72.370%, K2O 

of 1.432%, and TiO2 of 3.145%. While the 

composition of other oxides such as Fe2O3 

(1.513%), CaO (0.341%), and Al2O3 

(19.414%) decreases (Fig. 9). This may be 

attributed to the possibility of these oxides 

reacting with the acid during acid leaching.  

There was no significant difference at p ˂ 

0.05 in the oxide composition among the OC, 

AC, and CC samples, and the p-value was 1. 

There was also no significant difference at p 

˂ 0.05 between OC and AC oxides (p-value 

= 0.999688), OC and CC oxides (p-value = 

1), and AC and CC oxides (p-value = 

0.999698). But the Pearson correlation 

coefficient shows that the oxides of sample 

CC were strongly positively correlated with 

the oxides of OC sample (R = 0.9987; R2 = 

0.9974) and AC sample (R = 9992; R2 = 

0.9984), and AC and CC oxides (R = 0.9998; 

R2 = 0.9996). The p-values were ˂ 0.00001, 

and the correlation results were significant at 

p ˂ 0.05. This also verifies that treatment of 

the clay sample via acid leaching and 

calcination improves the quality of the oxides 

in the clay mineral. 

 
Fig. 9 Oxides composition of ordinary clay (OC), acid-leached clay (AC) and calcined clay 

(CC) 
 

3.3 Functional group analysis of OC, AC, 

and CC samples 
 

Fig. 10 shows the FT-IR absorption spectra of 

the ordinary clay (OC) sample obtained at 

Ikot Ekang, Etinan L. G. A., Nigeria. The 

absorption bands at 682.1, 749.2, and 793.9 

cm-1 with correlation intensities of 66.604, 

73.550, and 73.781, respectively, indicate 

that the sample is quartz-rich. The absorption 

at 793.9 cm-1 also indicates the presence of 

carbonates, Si-O stretching, Si-O-Al 

stretching, (Al, Mg)-OH, and Si-O-(Mg, Al) 

in the clay sample. Al-O-Al stretching is 

indicated at the absorption band of 749.2 cm-

1. The absorption band at 682.1 cm-1 

represents Si-O deformation. The absorption 

0

10

20

30

40

50

60

70

80

Si
O

2

V
2

O
5

C
r2

O
3

M
n

O

Fe
2

O
3

C
o

3
O

4

N
iO

C
u

O

N
b

2
O

3

P
2

O
5

SO
3

C
aO

K
2

O

B
aO

A
l2

O
3

Ta
2

O
5

Ti
O

2

Zn
O

A
g2

O C
l

Zr
O

2

R
b

2
O

C
e2

O

C
o

m
p

o
si

ti
o

n
 (

%
)

Oxides

OC

AC

CC



Communication in Physical Sciences, 2023, 10(1): 40-56 51 
 

 
 

band at 998.9 cm-1 with an intensity of 28.022 

indicates Si-O stretching equally. Janek et al. 

(2009) reported an absorption band of 698 

cm-1 for Si-O deformation in phlogopite, 681 

cm-1 for Mg3-OH deformation in biotite, and 

3654   cm-1 for Mg2Al-OH stretching. The 

absorption band at 1114.5 cm-1 indicates the 

presence of sulphates in the clay sample. The 

sulphates are demonstrated to have strong 

absorption bands near 980 cm-1, 450 cm-1, 

1150–1100 cm-1, and 675–590 cm-1 

(Jozanikohan and Abarghooei, 2022). 

The absorption band at 3623.0 cm-1 with a 

correlation intensity of 84.561 indicates the 

stretching vibration of the surface hydroxyl 

group of kaolinite (1:1 layer) clay, while the 

absorption band at 3652.8 cm-1 with a 

correlation intensity of 87.101 represents 

illite (2:1 layer) and smecite of kaolinite clay. 

The absorption band at 3693.8 cm-1 with a 

correlation intensity of 83.862 corresponds to 

the vibration of the inner OH group of 

kaolinite clay. 

The presence of these absorption bands for 

OH at 3623–3693.8 cm-1 is a characteristic of 

kaolinite clay. This implies that the OC 

sample is mainly kaolin clay. Djomogoue and 

Nyopwouo (2013) reported that the stretching 

vibrations of surface OH groups are assigned 

the band at 3652, 3671, and 3694 cm-1, while 

the vibrations at 3620 cm-1 are attributed to 

the inner OH groups. The main distinctions of 

kaolinite-group minerals are observed in the 

presence of two narrow and intensive OH 

stretching absorption peaks around 3650 and 

3666 cm-1, which are characteristic of an 

ordered variety of kaolinite (Khang et al., 

2016). Predictions of the differences in the 

chemical composition based on FTIR 

spectroscopy in Fig. 10 were also confirmed 

by the energy dispersive X-ray spectroscopy 

(EDS) analyses that show the percentages of 

the different elements present in sample OC 

(Fig. 3).  

   

 
Fig. 10.  FTIR result of ordinary clay (OC) sample 

 

The FT-IR of the acid-treated clay (AC) is 

shown in Fig. 11. There is much similarity 

between this FT-IR and the FT-IR of the OC 

clay sample. The absorption bands and their 

corresponding correlation intensities at 

3623.0 cm-1 (85.891) indicating the stretching 

vibration of the surface hydroxyl group of 

kaolinite (1:1 layer) clay, 3652.8 cm-1 

(88.295) representing illite (2:1 layer) and  

smecite of kaolinite clay, and 3693.8 cm-1 

with an intensity of 84.608 corresponding to 

the vibration of the inner OH group of  

 

 

kaolinite clay were also noticed in FT-IR of 

OC. The slight difference is seen in the 

correlation intensities of the absorption 

bands, which in AC are slightly higher than 

those in OC. There is also an absorption band 

at 1028.7 cm-1 with a correlation intensity of 

27.529, representing Si-O-Si and Si-O 

stretching, and at 1636.3 cm-1 with a 

correlation intensity of 96.524, indicating H-

O-H stretching. Other absorption bands were 

similar to those obtained in the IR of the OC 

clay sample. 

The FT-IR results of AC show that treatment 

of the clay mineral with mineral acid does not 
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change the actual composition of the clay but 

has improved its performance properties. 

 

 
Fig. 11 FT-IR of acid activated clay (AC) sample 

The acid-activated clay was subjected to 

calcination by heating it in a furnace at 1050 

°C for 2 hours. The FTIR of the calcined clay 

(CC) sample is shown in Fig. 12. The IR 

spectrum of CC is completely different from 

those of OC and AC. The absorption bands 

within the region of 3623–3695 cm-1, 

representing the hydroxyl groups of kaolinite-

group minerals, were completely absent. The 

absorption bands at 693.3 cm-1 with a 

correlation intensity of 73.709 and 775.3 cm-

1 with a correlation intensity of 72.376 

represented Si-O stretching and Si-O-Al 

stretching, respectively. The absorption band 

at 1047.4 cm-1 (60.791) represented Si-O-Si 

and Si-O stretching. H-O-H stretching, or OH 

deformation of water, was found at 1636.3 

cm-1 with 98.704 as correlation intensity. 

Generally, the FTIR result of the CC sample 

showed that calcination, to a greater extent, 

has been able to remove the water molecules 

that could be found within the clay layers and 

basically form silica. This observation 

corroborates the literature report (Ekpa and 

Isaac, 2008). 

 
Fig. 12 FTIR result of the calcined clay (CC) 

3.4 Surface morphology of OC, AC, and 

CC samples 
 

The surface morphology of the ordinary clay 

sample OC at different magnifications is  

 

 

 

shown in Fig. 13. The SEM images had a 

plate-like shape with a pseudo-hexagonal  

structure of 5–10 μm in size and aggregate 

layers of non-uniform-size euhedral particles. 

This shows a very large size-to-thickness 
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ratio. Sachan and Penumadu (2007) made a 

similar observation of clay platelets on the top 

surface aligning themselves with their faces 

along the surface with the particles existing 

under the topmost surface in random 

microfabric (face-to-edge particle contact). 

 
Fig. 13 SEM results of ordinary clay (OC) sample 

 

SEM images of the AC sample are shown in 

Fig. 14. It is clear from Figure 14 that the 

leaching of the clay with the mixture of acids 

has increased the porosity of the clay sample, 

with the kaolinite mineral playing a vital role 

as pore-filling clay minerals and illite as 

microfibers. The SEM result also shows  

platymorphology. Kaolinite clay was 

identified as a pore-filling clay mineral and 

illite as microfibers during the Fourier 

transform infrared spectroscopy (FTIR) 

analysis for the clay mineralogy studies in a 

clastic reservoir (Jozanikohan and 

Abarghooei, 2022). 

   
Fig. 14 SEM results of acid leached clay (AC) sample 

The surface morphology of CC shown in Fig. 

15 seems to be smother, highly porous, and 

not platy as in the OC and AC surfaces. This 

implies that calcination has reduced the clay's 

particle size to a greater extent and increased 

the porosity of the clay material. 

 

 
Fig. 15 SEM results of calcined clay (CC) sample 

 

 

4.0 Conclusion 
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Clay minerals from southern Nigeria are 

mainly kaolinite clay, consisting of minerals 

such as quart, syn, albite, orthoclase, 

muscovite, nacrite, osumilite, and mulite. The 

SEM images for the surface morphology 

show that it has a plate-like shape with a large 

size-to-thickness ratio. The major oxides 

present were SiO2, Al2O3, Fe2O3, TiO2, CaO, 

K2O, and SO3. 

The acid leaching of the clay converted 

nacrite minerals into kaolinite minerals. 

Treatment of the clay with the mixture of 

conc. H2SO4 and HNO3 increases the 

percentage composition of SiO2, K2O, and 

TiO2 oxides and decreases those of Fe2O3, 

CaO, and Al2O3. 

Calcination of the clay at 1050 °C completely 

removed the OH groups of the kaolinite-

group minerals. The calcined clay was mostly 

silica. The minerals present were quart, albite, 

orthoclase, muscovite, dickite, osumilite, and 

illite. 
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