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Abstract 
Clay mineral modifications are designed to improve their surface characteristics for specific 
applications, such as catalysis and adsorption. This work examines the surface and structural 
characteristics of both natural unmodified (NC1) and modified (NC2-NC5) clays that were all calcined 
at 400 oC. The chemically modified clay samples (NC2-NC5) were obtained by treating the natural clay 
with the respective solutions of 5% HCl, 15% HCl, 5% NH4Cl, and 15% NH4Cl. Samples NC1-NC5 
were characterized by X-ray powder diffraction, FTIR spectroscopy, N2 physisorption, scanning 
electron microscopy (SEM), and energy dispersive X-ray spectroscopy (EDX). XRD analysis of NC1 
revealed that the highly crystalline clay belongs to the lizardite serpentine group with a high silica 
content and remained relatively crystalline even after undergoing the various chemical treatments. 
Significant surface and structural alterations in the natural clay following chemical treatment were 
detected by FTIR and SEM analysis. Apart from NC5, dealumination gradually occurred in the clay 
upon chemical treatment. The decrease in the signal at 1036 cm⁻¹ for Si-O stretching vibration and the 
broadening of the Al-Al-OH absorption peak at 913 cm⁻¹ suggested the breakdown. SEM micrographs 
showed that the unmodified NC1 clay had a smooth surface with consistent pore sizes, whereas HCl-
treated NC2 (5%) exhibited a flaky structure, and NC3 (15%) was less agglomerated with larger, 
distinct pores, while NH4Cl-treated NC4 and NC5 had rough surfaces with fewer pores. The Brunauer-
Emmett-Teller (BET) analysis revealed that the 15% HCl-modified clay NC3 had a higher specific 
surface area of 359 m²/g compared to the unmodified NC1 sample at 345 m²/g. All other treatments 
exhibited lower SSA values, resulting in a sequence of NC2 ≈ NC5 < NC1 < NC4 < NC3. The study 
showed that under the conditions employed for treatment, the crystallinity of the clay remained largely 
unaffected while other structural and surface properties were altered.  
 
Keywords: Acid Treatment, Calcination, Specific Surface Area, Natural Clay and Modified 
Natural Clay. 
 
 
INTRODUCTION 
Globally, natural clay minerals are the most abundant and widely spread hydrous 
aluminosilicate materials whose deposits are predominately formed by chemical weathering 
of rocks and from hydrothermal alteration of silicate rock-minerals (Al-saeedi, 2022). These 
layered aluminosilicate minerals are characterized by their unique fine particle sizes of less 
than 2 micrometers (Irabor et al., 2020; Irabor, Edogun and Omoruyi, 2023). Clay minerals 
have attracted a lot of attention both in industries and research institutions because of their 
inherent abundance, low cost, low toxicity, and intriguing physiochemical properties that can 

mailto:uwaila.omoruyi@uniben.edu


Effect of Chemothermal Treatment on the Structural and Surface Properties of Natural Clay 

U. Omoruyi et al, DUJOPAS 11 (3e): 106-116, 2025                                                                                    107 
 

easily be fine-tuned for specific applications. Some of these properties include high surface 
area, porosity, acidity (Lewis and Bronsted acidity), charge densities, high cation exchange 
capacity (CEC), and relative swelling ability (Aboudi Mana, Hanafiah and Chowdhury, 2017; 
Sarkar et al., 2019). These properties vary depending on the parent material of the natural clay 
deposit (Irabor et al., 2020). In manufacturing industries, clay minerals are employed in the 
production of ceramics, ceramic tiles, stoneware products, bricks, insulating materials, etc. 
(Jabłońska et al., 2019; Sarkar et al., 2019). While in the oil sector, they are employed in oil 
drilling as well as in petroleum cracking (Karpiński and Szkodo, 2015).  
 
The high surface areas and charge densities that exist in clay minerals because of the close 
packing of the aluminosilicate sheet (oxygen and hydroxyl anions) make them very good 
adsorbent and cheap materials for environmental remediation studies, especially those that 
involve the removal of cationic contaminants from polluted soils and water bodies. Studies 
have shown that depending on the chemical compositions, natural clays may require 
structural and surface modification to improve their adsorptive capacities and removal 
efficiency of pollutants (Şahin, Kaya and Saka, 2015; Otunola and Ololade, 2020; Zhang et al., 
2021). Furthermore, the anionic charge densities framework of some clay minerals is usually 
neutralized by exchangeable bases (cations) held together by strong electrostatic interactions 
in their crystal lattice (Irabor et al., 2020).  
 
These cations polarize coordinating water molecule bonds in the interlayer spaces of clay 
minerals, thus creating active Bronsted acid sites, which have been explored in various acid-
catalyzed reactions (Komadel, 2016; Ismayilova et al., 2024). In addition, the presence of 
coordinatively unsaturated metal cations such as Al3+, Mg2+, Fe3+ resulting from the loss of 
coordinating water molecules generates active Lewis acid sites within the clay matrix, which 
have been reported to be efficient in catalyzing C–N bond formation and C–C bond formations 
such as Michael addition, amongst others (Nagendrappa and Chowreddy, 2021; Kumar and 
Madhumitha, 2024). What is key in determining the predominant active acid sites (Bronsted 
or Lewis) and acid strength is the type of exchangeable cations present and the level of 
hydration of the clay minerals, as it has been established that Lewis acidity dominates in clay 
minerals with significant water loss (Hart and Brown, 2004; Kawabata et al., 2005). 
 
Modifications to clay minerals are engineered to improve their properties for specific 
purposes. Thus, producing aluminosilicate materials that are usually termed ‘designer clay 
minerals’ (Sarkar et al., 2019). Some of the clay properties usually enhanced through 
modifications to broaden their application include porosity, surface area, surface acidity, and 
pore volumes (Toor et al., 2015; Krupskaya et al., 2017). There are diverse methods reported 
for clay modifications, with some of the most prevalent methods being thermal, chemical, and 
mechanical treatments (Barakan and Aghazadeh, 2021; Undabeytia et al., 2021). A vast body 
of literature suggests that chemical treatment enhances the porosity of clay. In many instances, 
this process leads to the formation of mesopores within the clay matrix, primarily due to the 
leaching of clay minerals, particularly following acid treatment. This modification results in 
an increase in both surface area and surface acidity. For instance, Jablońska et al., (2019) 
observed a 60% increase in the specific surface area of Pliocene clay when activated with acid 
(HF or H2SO4), which subsequently enhanced its capacity for Cu2+ adsorption compared to 
the unmodified clay. Also, in a recent review conducted by Ochirkhuyag and Temuujin (2024), 
the authors highlighted the enhanced catalytic performance of activated clay minerals across 
various catalytic processes. It is believed that the thermal modifications of clay's surface 
properties occur through a redistribution of anionic charge densities, which results from the 
dehydration of interlayer exchangeable cations and the dihydroxylation of silanol and 
aluminol moieties (España et al., 2019; Sarkar et al., 2019). 
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The relative abundance of clay minerals and the increasing interest in diversifying these 
environmentally benign resources for new applications justify the need for more studies. This 
study specifically examines the impact of varying concentrations of HCl and NH4Cl 
treatments, respectively, on the structural and surface properties of natural clay obtained from 
Omialafara clay (hereafter referred to as NC) deposit in Ifon Ose Local Government Area, 
Ondo State, Nigeria. NH4Cl was chosen as a source of H+ because of its ability to produce 
NH4

+ions in water, thus introducing protons (H+) into the clay interlayers via cation exchange 
without necessarily dissolving the clay matrix due to its mild acidic nature compared to HCl. 
Additionally, the thermal treatment on the unmodified and modified natural clay on these 
surface properties was also the subject of our investigation. Previous studies on Omialafara 
clay have focused on the physio-chemical, mineralogical, and geotechnical characterization of 
the clay deposit (Teme, 1991; Irabor and Anaun, 2023; Akpokodje et al., 2025). To the best of 
our knowledge, no study has been carried out on the modification of Omialafara clay to 
improve the structural and surface parameter, thus expanding its application, particularly as 
a potential green solid acid catalyst (GSAC) for various acid-catalyzed reactions. 
 
METHODOLOGY 
 
Materials 
The NC used in this study were collected from Omialafara clay deposit in Ifon, Ose Local 
Government Area, Ondo State, Nigeria, between latitude N6o 54’ 58’’ and longitude E5o 
46’20’’. The sample collection process as well as the physico-chemical and mineralogical 
properties of this clay deposit were previously reported by Irabor and Anaun (2023). The NC 
samples were light pink in colour. All chemicals used in this study were purchased from Pyrex 
Chemicals, they were of analytical grade and were used without further purification. The 
selected HCl concentrations of 5% and 15% used in this study were prepared from 37% 
concentrated HCl, while 5% and 15% aqueous NH4Cl were prepared from ammonium 
chloride salt with 98% purity. The water used in this experiment was distilled and deionized.  
 
Pre-treatment of NC  
The NC samples were sieved using a 2-micrometer sieve. The sieved NC obtained was then 
further milled mechanically with the use of a ceramic plate to reduce the particle size of the 
clay to a fine powdered form. The powdered clay obtained was then calcined at 400 oC in a 
muffle furnace for 3 hours. 
 
Modification of NC  
The chemical treatment of NC was carried out using 5% and 15% HCl and NH4Cl respectively. 
The acid-treated clay samples were prepared following a standard protocol described in the 
literature with slight modifications (Reddy et al., 2009). The method involves stirring 5 g of 
the calcined NC samples in 200 mL solutions of 5% and 15% HCl and NH4Cl respectively, in 
a round bottom flask for 24 hours. The mixtures were then allowed to settle for 30 minutes, 
after which the supernatants were decanted. Water was added to the respective flasks to wash 
the samples, which were then filtered using a Whatman filter. The residues were washed 
repeatedly until the filtrates contained no trace of chloride ions upon testing with silver nitrate 
solution. Following a 24-hour air-drying period, the samples were crushed and calcined for 3 
hours at 400 oC. The unmodified clay samples were only subjected to thermal treatment by 
calcining at 400 oC for 3 hours without any prior chemical modification. The samples of NC 
used in this investigation were designated: 

▪ NC1 – Unmodified natural clay samples calcined at 400 oC. 
▪ NC2 – 5% HCl modified natural clay samples calcined at 400 oC. 
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▪ NC3 – 15 % HCl modified clay samples calcined at 400 oC. 
▪ NC4 – 5% NH4Cl modified natural clay samples calcined at 400 oC. 
▪ NC5 – 15% NH4Cl modified natural clay samples calcined at 400 oC. 

 
Characterization 
All NC samples employed in this study were characterized using Fourier transformed 
infrared spectroscopy (FTIR), powder X-ray diffraction (XRD) techniques, Brunauer-Emmett-
Teller (BET) analysis, and scanning electron microscope (SEM) fitted with an energy 
dispersive X-ray analyzer (EDX). The FTIR spectra of the clay materials were measured on the 
Agilent Cary 630 FTIR spectrometer to establish the functional groups present. The powder 
X-ray diffraction (XRD) patterns were collected using the Rigaku Miniflex 600 X-ray 
Diffractometer in the 2-theta range of 2o –70o with Cu Kα radiation (Kα = 1.54056 Å). This 
provided detailed information about the crystallographic structure and chemical composition 
of both the modified and unmodified NC materials. Nitrogen adsorption isotherms recorded 
on a Quantachrome Bet Nova 4200e surface area analyzer were used to determine the specific 
surface area (SSA), pore volumes, and pore sizes of the NC samples. The SSA for the samples 
was evaluated using the Brunauer-Emmett-Teller (BET) method, while the pore volumes and 
pore sizes (diameter) were estimated using the Barret-Joyner-Halenda (BJH) method. The 
morphologies of the samples were characterized from the images provided by the JSM-7600F 
Schottky Field Emission SEM. The SEM with energy dispersive X-ray analyzer (EDX) was 
employed in the determination of the elemental composition of the samples. The analytical 
techniques delineated herein establish the foundational framework for a comparative 
investigation involving modified and unmodified clay materials. 
 
RESULTS AND DISCUSSION 
Mineralogy Analysis 
The minerals present in raw (unmodified) NC1 samples calcined at 400 oC were identified from 
the powder X-ray diffraction (XRD) patterns (Figure 1a), and peaks were assigned following 
the compiled table of key lines of X-ray diffraction of clay minerals compiled by Pei-Yan Chen 
in accordance with the Joint Committee on Powder Diffraction Standard (JCPDS) data card 
numbers (Chen, 1977). The reflections at 2θ values of 12.38o, 24.12o, 42.58o, and 60.06o with the 
corresponding d-spacing values of 7.14 Å, 3.69 Å, 2.12 Å, and 1.54 Å were characteristic peaks 
of the serpentine clay mineral group present in the lizardite phase. The data are consistent 
with the mineralogical assay of the NC (Omialafara Clay) previously reported by Irabor and 
Anaun (2023) and also in good agreement with the data reported by Rivero Crespo and co-
workers for lizardite serpentine mineral (Rivero Crespo et al., 2019). 

 
Figure 1.  (a): Powder X-ray diffraction pattern of sample NC1 (unmodified clay), (b): Stacked powder X-ray 
diffraction pattern of samples NC1 – NC5. 
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Quartz is the predominant mineral present in both unmodified clay (NCI) and modified clay 
(NC2-NC5) samples, showing sharp basal reflection peaks at 2θ values of 20.96o, 26.72o, and 
50.22o with d-values of 4.23 Å, 3.33 Å, and 1.8 Å respectively. The quartz basal reflection peak 
with the highest intensity was observed at a 2θ value of 26.72o. The intensity of this peak 
showed a direct proportionality with an increase in the concentration for HCl-activated clay 
as depicted in Figure 1b. This pattern was not observed for NH4Cl-treatment clay samples. 
The relative intensity of the quartz basal reflection peak at 26.72o for the clay samples can be 
described by relations NC2 ≈ NC5 < NC1 < NC4 < NC3 (Figure 1b). The change in intensities 
upon acid treatment suggests the leaching of impurities present in the unmodified clay (NC1), 
thus enhancing the purity of the crystals and peak reflections. A narrow and sharp peak with 
high intensity in XRD is a typical property of a crystalline material with a well-ordered 
arrangement of its atoms, as amorphous layers are characterized by broad and low peak 
intensity (Barakan and Aghazadeh, 2021; Hu, Zhang and Zhang, 2022). Thus, the existence of 
high crystalline silica (SiO2) is indicated by the high-intensity peaks for quartz basal reflection 
for modified clay materials. SiO2 affects the stability of clay minerals and makes them resistant 
to thermal and acid degradation, particularly at relatively mild temperatures and 
concentrations (Bendou and Amrani, 2014; Alrubaye, Hasan and Fattah, 2017; Jabłońska et al., 
2019).  

Figure 2. (a): FTIR spectra of NC1 (unmodified clay), (b): Stacked FTIR spectra of samples NC1 – NC5.                                 
 
FTIR Analysis 

FTIR spectra of NC1 (unmodified clay) shown in Figure 1a revealed absorption peaks typical 
of the clay minerals identified from the XRD analysis. The broad absorption band in the region 
of 3690 – 3100 cm-1 is typical of a coordinated OH group present in the tetrahedral (Si-OH) 
and octahedral (Al-OH) sheets respectively, as well as water vibration (Gandhi, 
Bandyopadhyay and Soni, 2022). Although its somewhat difficult to assign a functional group 
to the weak absorption band between 2161 cm-1  and 2023 cm-1, it however signals the presence 
of organic material in the clay mineral, as this is the typical region for  C≡C stretching 
(Kossowska et al., 2019). The strong absorption band at 1036 cm-1 is assigned to Si-O stretching 
vibration, which indicates the presence of silica in the clay material. The absorption band at 
913 cm-1 with a shoulder peak is attributed to the bending vibration of Al-Al-OH for the NC1 
material. The peaks at 775 cm-1 and 693 cm-1 are consistent with Si-O-Si symmetric stretching 
and bending vibrations (Jozanikohan and Nosrati, 2022). This gives credence to the presence 
of high silica content in the unmodified NC1 samples as previously revealed from the powder 
XRD analysis.  
 
The spectra of the unmodified NC1 sample and the chemically treated clay samples (NC2, NC3, 
NC4 and NC5) were compared as shown in Figure 2b. The most notable structural 
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modification upon chemical treatment was the reduction in the peak intensity at 1036 cm-1 for 
Si-O stretching vibration for the different treatments (Figure 2b), except for NC5 which 
surprisingly showed an increase in intensity relative to the untreated NC1 sample. 
Furthermore, the Al-Al-OH absorption in the region of 913 cm-1 with a shoulder peak flattened 
out upon acid activation, suggesting that dealumination may have taken place to some degree 
within the clay matrix. These alterations show that the clay mineral structure gradually breaks 
down after chemical treatment. 
 
Specific Surface Area 
The surface parameters of the unmodified (NC1) and modified clay samples (NC2 - NC5) are 
summarized in Table 1. The results showed that the specific surface areas (SSA) of the treated 
clay samples increased with an increase in the concentration of HCl and NH4Cl from 5 – 15% 
respectively. However, the SSA for all the treated samples reduced when compared to the 
unmodified sample (NC1) except for NC3 which had an SSA value of 345 m2/g. This value 
represents a 4% increase in SSA relative to the unmodified NC1 clay, which had an SSA of 345 
m2/g. The increase in SSA for acid-activation of clay minerals is believed to proceed via the 
replacement of exchangeable cations in the interlayer spaces between sheets in the clay matrix 
with protons (H+) leading to partial dissolution of the clay structures that increases porosity 
because of the leached exchangeable cations (Sarkar et al., 2019; Ayati et al., 2022). Moreover, 
depending on the chemical composition of the clay mineral, the silicate sheets (octahedron or 
tetrahedron) are reported to be impacted by acid treatment at high concentrations because of 
the replacement of structural Al3+, Mg2+, Fe3+ or any cations present with H3O+. This 
phenomenon is not always observed at low concentrations of acid treatment, as the silicate 
sheets are reported to be relatively stable under these conditions (Liu, Gates and Bouazza, 
2013; Bendou and Amrani, 2014; Jabłońska et al., 2019). Therefore, the observed trend in the 
SSA for NC2, NC4 and NC5 is an indication that the mild concentrations of 5% HCl for NC2, 
5% NH4Cl for NC4 and 15% NH4Cl for NC5 employed in the chemical modifications were 
perhaps too low in strength to cause a significant degradation of the clay matrix that enhances 
porosity, leading to an increased SSA. Moreover, the high SiO2 content in the form of quartz 
minerals present in the raw clay (NC1) as revealed by powder X-ray analysis, may be a 
plausible reason for its resistance to acid treatments. Furthermore, the weakly acidic nature of 
aqueous NH4Cl may also account for the non-increase in SSA relative to the unmodified clay 
(NC1) for NH4Cl-treated clay (NC4 & NC5) despite the increase in concentration from 5% (NC4) 
to 15% (NC5). These results are comparable to those of a similar study that has been published 
in the literature (Jabłońska et al., 2019). Additionally, it has been reported that the type and 
concentration of acid, contact duration, and temperature are important parameters that 
control the increase in SSA in acid-activated clay minerals (Barakan and Aghazadeh, 2021). 
Thus, the modest decrease in SSA for NC2, NC4 and NC5 may have resulted from the reaction 
conditions of 30 minutes contact time at room temperature employed in this study. 
 
Table 1: Summary of surface parameter for unmodified (NC1) and modified (NC2 – NC5) 
calcined at 400 oC 
NC samples Specific Surface Area 

(m2/g) 
Pore volume 

(cm3/g) 
Pore Size 

(nm) 

NC1 345 0.198 2.132 
NC2 285 0.172 2.138 
NC3 359 0.181 2.100 
NC4 282 0.173 2.132 
NC5 318 0.178 2.137 
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The pore volumes of the treated clay NC2 - NC5 show a similar pattern to that of the SSA, with 
the treated samples having a reduced pore volume relative to the NC1 sample (Table 1). 
Amongst the treated samples, the modification with 15% HCl (NC3) gave the largest pore 
volume of 0.181 cm3/g, which is approximately an 8.59% reduction from that of the NC1. With 
respect to the pore diameter, the modification with 15% HCl (NC3) decreased the pore 
diameter by approximately 1.50% relative to that of raw clay. The other modifications either 
increased the pore diameter, as observed for NC2 (2.138 nm) and NC5 (2.137nm) respectively, 
or left the pore diameter unchanged, as observed for NC4 (2.132 nm). This trend has also been 
observed and reported in literature in a related work (Jabłońska et al., 2019) . From Table 1, 
the pores of the clay matrix of NC1 – NC5  could best be described as mesopores (pores with 
2-50 nm) as determined by the International Union of Pure and Applied Chemistry (IUPAC) 
(Rouquerol et al., 1994). The slight variation of these parameters for the modified samples 
relative to the raw clay sample is indicative of the fact that the respective chemical treatments 
had little impact on the structural integrity of the raw NC1 clay sample calcined at 400 oC. 
Furthermore, the size distribution of pores shown in Figure 3 reveals a dominant unimodal 
pore distribution with a major peak between 2 – 4 nm for the raw clay (NCI) calcined at 400 
oC which remained unchanged upon thermochemical treatments of the clay with 5% and 15% 
HCl and NH4Cl respectively followed by calcination at 400 oC. Unimodal pore size 
distribution was previously observed and reported for other clay minerals (Kuila and Prasad, 
2013).  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Pore Size Distribution of NC1-NC5 samples 
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Figure 4: SEM micrographs of (a) NC1, (b) NC2, (c) NC3, (d) NC4, (e) NC5, and (f) EDX spectra of NC1. 

 
Table 2. EDX data showing the elemental composition (%) of samples NC1-NC5 and the 
Si/Al ratios. 

Element C O Si Al Fe N Ca Mg K Na Mn Si/Al 
                                                                            (%) 

NC1 4.00 30.20 48.00 8.60 3.40 3.50 2.30 - - - - 5.58 
NC2 3.00 20.00 52.00 12.60 3.00 - 1.30 4.00 - - - 4.12 
NC3 3.20 20.10 53.00 13.50 3.30 - 2.00 1.02 0.10 1.42 0.24 4.07 
NC4 6.00 20.10 52.00 12.60 3.00 - 2.30 - - - - 4.42 
NC5 3.00 30.10 48.20 8.60 200 - 2.00 1.02 0,01 1.40 0.26 5.60 

 
SEM Analysis 
Figures 4a-e display the scanning electron micrographs of samples NC1–NC5 which show 
their morphological characteristics. The untreated (NC1) clay sample calcined at 400 oC 
appears to have a smooth surface with uniform pore sizes (Figure 4a). The SEM images for 
thermochemically modified clay samples (NC2, NC3, NC4 and NC5) with different 
concentrations (5% and 15%) of HCl and NH4Cl calcined at 400 oC shows different particle 
morphologies (Figures 4b-e). The SEM image for NC2 (5% HCl) reveals the presence of 
agglomerated flaky particles (Figure 4b), which may account for the decrease in the pore size 
of the clay relative to the untreated NC1 sample as determined by the N2-physiosorption 
experiment. An increase in HCl concentration (5% to 15%) for clay activation resulted in an 
increase in pore size for NC3, with a notable variation in surface morphology when compared 
to NC1, as evident from the SEM pictures in Figures 4a and 4c. With respect to pore sizes, the 
micrographs of NH4Cl-treated clay materials NC4 and NC5 (Figures 4d and e) exhibited a 
similar pattern to those of HCl-treated clay materials (NC2 and NC3). However, compared to 
HCl-activated clay samples, NC4 and NC5 both appear ragged, suggesting that the different 
chemical treatments have distinct impacts on the surface morphology of the natural clay   
A microanalytic investigation to determine the elemental composition of NC1–NC5 samples 
was performed on energy dispersive X-ray spectroscopy (EDX). The elemental content of 
unmodified and modified samples (NC1–NC5) is summarized in Table 2, and the EDX 
spectrum of the untreated NCl sample is displayed in Figure 4f. Carbon was found to be 
present in considerable levels in the untreated clay and in lesser proportions in the chemically 



Effect of Chemothermal Treatment on the Structural and Surface Properties of Natural Clay 

U. Omoruyi et al, DUJOPAS 11 (3e): 106-116, 2025                                                                                    114 
 

modified samples except for NC4. The FTIR data for the clay samples alluded to the presence 
of organic material in the clay mineral, and according to earlier research on the clay deposit, 
an uncommon hydrocarbon mineral, evenkite, was detected during the mineralogical assay 
of the clay samples (Irabor and Anaun, 2023). This may account for the significant carbon 
content in the raw clay. The Si/Al ratio for the untreated NCl was found to be approximately 
5.58. This ratio decreased slightly upon treatment of the clay with the different concentrations 
of HCl and NH4Cl solutions, respectively, except for NC5 samples, which showed a slight 
increase in the Si/Al ratio (Table 2). 
  
CONCLUSION 
This research has shown for the first time the effect of thermochemical treatment on the 
structural and surface properties of natural clay obtained from Omialafara clay deposit site in 
Ondo State, Nigeria. It was found that the chemical (HCl and NH4Cl) treatment at different 
concentrations, calcined at 400 oC impacted the clay structure to some degree especially the 
15% HCl-treated clay samples (NC3) with evidence of dealumination and leaching of 
impurities and exchangeable cations observed from powder XRD diffraction and FTIR 
analysis. Also, the BET analysis revealed that specific surface areas of the treated clay 
materials showed a direct proportionality with an increase in the concentrations of HCl and 
NH4Cl, respectively, with 15% HCl-treated clay resulting in the largest specific surface area. 
The BJH values for the pore diameter of both the untreated and treated clay materials were 
slightly above 2 nm with a unimodal pore size distribution. The SEM micrograph showed 
significant change in the morphologies of the unmodified (NC1) and the modified (NC2 - NC5) 
clay samples. The surface morphology of the raw NC1 clay was smooth with uniform pore 
sizes, while HCl-treated clay NC2 (5% HCl) had a flaky agglomeration, and NC3 (15% HCl) 
was less agglomerated with increased and well-defined pore sizes. NH4Cl-treated samples 
NC4 (5% NH4Cl) and NC5 (15% NH4Cl) had a ragged surface appearance with fewer pores. 
Except for NC5 samples, there was a gradual decrease in the Si/Al ratio upon treatment of the 
clay with the different concentrations of HCl and NH4Cl solutions. Respectively. as revealed 
by EDX analysis. The results demonstrate that thermochemical treatments can alter the 
structural and surface parameters of natural clay. Although the crystallinity of the natural clay 
may not have been significantly impacted by the different acid treatments, other structural 
and surface properties of the clay materials changed significantly upon chemical treatment. 
However, to better understand the effect of these treatments on the clay, further studies on 
the adsorption capacity and catalytic potential of the modified clay are needed to expand 
application, especially for remediations and catalytic purposes.  
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