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ABSTRACT 
 
The Physico-chemical properties of Udi clay mineral were modified in this work to increase its adsorptive 
performance. The Udi clay was mined from Eke town, separated from dirt, washed, sun-dried, and grinded to a 
particle size of 0.045mm. The modification of the sized samples were done by two physico-chemical methods; 
thermal activation at different temperature range of 100 to 500 0C and acid activation at different concentrations of 
sulphuric acid ranging from 2 to 10M. The physicochemically modified samples were characterized using X-ray 
fluorescence, Fourier transform infrared (FTIR) spectroscopy, and Brunner-Emmet-Teller (BET) method for surface 
area. The modified samples were used to bleach palm oil to investigate their adsorptive performance. The 
equilibrium data were analyzed using Langmuir and Freundlich adsorption isotherms. Results of the 
characterization showed that the modified samples had more surface area and adsorptive capacity than the raw 
samples. The surface area was increased to more than three times and four times that of the raw sample for the 
thermal and acid activated samples, respectively. The bleaching efficiency increased from 29.67% to 75.3% and 
92.74%, for thermally and acid activated samples, respectively. Results of the equilibrium analysis showed that the 
adsorption of colour pigment onto the thermally and acid modified samples occurred in multi-layer in agreement 
with Freundlich isotherm model. This study has shown that local clay from Udi can be thermally and chemically 
activated to modify the physico-chemical properties which increase its adsorptive capacity. 
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INTRODUCTION 

 
Natural clays are acquiring prominence as low-cost adsorbents over the last few decades due to their local and 
abundant availability and the capability to undergo modification to enhance the surface area, adsorption capacity, 
and range of applicability [1]. Alumino-silicate materials, enormously abundant in nature, have been considered as a 
potential source of adsorbent for removing colour pigments from edible oils. Nonetheless, the effective application 
of these materials in this area is limited due to small surface area and presence of net negative surface charge, 
leading to low adsorption capacity. All these factors have led to the need for research and development in the field 
of modification of clay surfaces to enhance their adsorptive properties. Surface modified clays have high potential to 
provide an alternative to most widely used activated carbon. Therefore, in order to ameliorate the adsorption 
properties and range of applicability, a number of physical and chemical methods have been investigated to modify 
the clays, including heat treatment [2], [3], acid activation [4], [5], [6], [7], [8], [9], treating the cationic surfactants 
[10], and polymer modification [11], [12]. Thermal activation of clay mineral is a physical treatment which involves 
calcination of clays at high temperatures [3] and it is done in order to remove any impurities or moisture attached to 
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the clay particles [13]. The acid activation of clay minerals is normally done by treating them with HCl, H2SO4, or 
HNO3 [14]. Acid activation alters the physical properties, such as, enhancing the surface area and average pore 
volume [15]. It also changes the chemical properties such as cation exchange capacity and the surface acidity of the 
clays, thus, generating the desired characteristics required for an effective adsorbent [16]. Adsorption is a well 
known process which many authors have investigated using high-cost adsorbents such as activated carbon [17], [18], 
[19], [20]. Nigeria is endowed with vast deposits of clay minerals that are unharnessed. The deposit located at Udi 
has not been employed industrially, but, it is only used for local pottery work by the rural inhabitants. Palm oil is a 
major source of dietary for people in the western part of Africa and this oil has some storage and use difficulties. 
Palm oil congeals on storage at ambient temperature and has a very low smoke point, which makes it unsuitable for 
frying. These difficulties can be reduced if the oil can be bleached to remove the impurities. Impurities present in 
palm oil can be reduced appreciably by adsorption process or bleaching by using clay mineral adsorbents [21]. 
 
In this work, the aim is to modify the physicochemical properties of local clay from Udi (Nigeria) to enhance its 
adsorptive capacity. This was achieved by calcination and acid activation of the clay mineral. The characteristics of 
the modified clay samples were analyzed and also, the adsorptive performance of the modified samples was 
investigated by bleaching palm oil.   
 

MATERIALS AND METHODS 
 

Materials 
Ash-coloured clay material from Udi (N: 6° 31’ 00”; E: 7° 43’ 00”; A: 327m) in Udi local government area of 
Enugu state, Nigeria, was used as the primary raw material. Refined palm oil was obtained at oil mill located at 
Isuofia (N: 6° 1’ 60”; E: 7° 2’ 60”; A: 361m). All chemicals used were analytical grade, bought from Conraws 
Company Ltd, Enugu. 
 
Thermal activation of the clay sample 
The physical modification of the clay material was done by thermal activation. The mined clay was washed, sun-
dried for 24 hours and grinded to 0.212mm particle size. 20 g of the sized sample was measured into a crucible and 
placed in a murfle furnace. The thermal activation was performed over a temperature range of 100 to 500 0C (100, 
200, 300, 400, and 500 0C) for a fixed period of 90 minutes. At the completion of the activation duration, the 
samples were taken out and cooled in a desiccator for 4 hours. The samples were labeled UD0, UD100, UD200, 
UD300, UD400, and UD500 where the numbers indicate the calcination temperatures used in the study.  
 
Acid activation of the clay sample 
The clay material was prepared for activation by sun-drying and grinding to a particle size of 0.212 mm. 10 g of the 
prepared sample was weighed into flask (250ml capacity) and 100 ml of sulphuric acid solution was added. The 
resulting suspension was heated on a magnetically stirred hot plate at temperature of 90 0C for 2 hours 30 minutes. 
At the end of the experimental duration, the resulting slurry was poured into a Buchner funnel to separate the acid 
and clay. The residual clay was washed severally with distilled water until neutral point was obtained with pH 
indicator. The clay residue was dried in an oven at 80 0C for 4 hours. The dried samples were crushed and sieved 
again to 0.212 mm particle size. The activation process was repeated with varying acid concentrations of 2 – 10M of 
H2SO4, varying time of 30 – 150 minutes, and varying temperatures of 70 – 120 0C. The clay samples thus prepared 
were labeled UD0, UD2, UD4, UD6, UD8, and UD10, where the numbers indicate the acid concentrations used in 
the activation step. 
 
Characterization 
The chemical and mineralogical compositions of the natural and activated clay samples were determined. The 
chemical composition was determined using X-ray fluorescence (XRF), Philips PW 2400 XRF spectrometer; while 
the mineralogical composition was determined using Fourier transform infrared (FTIR), Shimadzu S8400 
spectrophotometer, with samples prepared by the conventional KBr disc method. The specific surface area was 
measured at 77K by BET method with a Micromeritics Gemini 2360 instrument using N2 gas. 
 
Adsorption experiment 
The adsorption experiments were carried out in a batch process. 50 g of the refined palm oil were charged into a 250 
ml beaker and 2 g of the modified (thermal and acid activated) clay samples were also added in turn. The mixture of 
clay and oil were placed in a water bath and heated to a temperature of 80 0C for 30 minutes under continuous 
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stirring. At the end of the reaction, the slurry formed was filtered through a dry filter paper. The bleaching capacity 
of the acid and thermally activated clays was then determined by measuring the colour of the bleached oils using a 
UV-Vis spectrophotometer (Shimadzu UV mini 1240) at wavelength of 450 nm. The bleaching efficiency of the 
acid and thermally modified clay samples were calculated in this study using the following equation: 
 
% bleaching efficiency = [A unbleached – A bleached / A unbleached] x 100                                (1) 
 
Where A unbleached and A bleached are the absorbencies of the unbleached and bleached oils, respectively. 
 

RESULTS AND DISCUSSION 
 

Characterization 
Thermal activation 
The results of the chemical analyses of the thermally activated Udi clay samples are given in Table 1. The results 
indicated that the main chemical compositions are oxides of Al, Si, and Fe, together with other mineral oxides of K, 
Na, Mg, Ca, and others. Comparison of the calcined samples with the raw sample showed an increase in these 
oxides as the temperature of calcination increases up to 300 0C and thereafter remained constant with further 
increase in temperature. This could be attributed to complete removal of water and organic substances from the clay 
structure. 
 

Table 1: The chemical composition, bleaching efficiency, surface area, and Si/Al + Fe + Mg ratios of 
thermally activated and raw Udi clay determined by XRF 

 
Chemical composition Clay samples 

UD0 UD100 UD200 UD300 UD400 UD500 
Al2O3 24.10 25.34 26.11 26.20 26.23 26.19 
SiO2 48.70 53.65 55.74 56.84 56.92 56.87 
Fe2O3 11.38 12.21 12.56 12.61 12.62 12.61 
CaO 0.51 0.51 0.51 0.51 0.51 0.51 
MgO 5.20 6.35 6.58 6.63 6.62 6.62 
K2O 1.35 1.45 1.49 1.51 1.50 1.49 
TiO2 2.35 2.57 2.59 2.63 2.62 2.62 
Na2O 0.04 0.05 0.05 0.05 0.05 0.05 
Surface area (m2/g) 87.7 98.7 135.5 197.6 175.6 153.2 
Max. Bleaching efficiency (%) 29.5 41.6 58.4 75.3 64.4 60.7 
Si/(Al + Fe + Mg) 1.20 1.22 1.23 1.25 1.25 1.25 

 
Results of the adsorption studies on the thermally activated samples in bleaching palm oil are shown in Figure 1. 
The Figure shows that the adsorption efficiency increased with temperature up to 300 0C and dropped with further 
increase in calcination temperature. This is in line with the data in Table 1; the thermally activated sample at 300 0C 
had the most surface area and therefore adsorbed more pigments than the other samples. 
 
Acid activation analysis 
The results of the x-ray fluorescence analysis of the raw and acid activated clay samples are shown in Table 2. The 
table shows a decrease in the chemical composition of the acid-leached clay samples as the acid concentration 
increases and a corresponding increase in the surface area and adsorption efficiency. As can be seen in the table, the 
Si4+ cations are not removed, but increased with increase in acid treatment, this could be as a result of depletion of 
the cations from the interlayer and octahedral sheets of the clay [6]. More of the exchangeable cations were easily 
removed under mild treatment with the acid; such cations include Ca2+ and K+. Their dissolution remained almost 
constant after treating with 4M acid concentration. The dissolution of the octahedral cations (Al3+, Fe3+, and Mg2+) 
was continuous as the acid concentration increased. 
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Figure 1: Variation of the bleaching efficiency with calcination temperature
 
 
As the acid activation is increased, the surface area increased rapidly and reached a maximum and dropped. The 
increase in surface area is attributed to the removal of impurities, replacement of exchangeable cations (K
Ca2+) with hydrogen ions and leaching of Al
exposes the edges of the cay particles 
a decrease in the surface area as shown in Figure 1. The decrease in surface area at higher acid concentrations is 
attributed to the deeper penetration of the acid into the voids an
resulting in the collapse of the layered crystalline structure of the clay material 
 

Table 2: Chemical analysis, specific surface area, maximum bleaching efficiency and cation exchange 
capacity (CEC) of the 

Chemical composition (%)

Al2O3 
SiO2 
Fe2O3 
CaO 
MgO 
K2O 
TiO2 
MnO 
CuO 
Na2O 
LOI 
Surface area (m2/g) 
Max. Bleaching efficiency (%)
Si/(Al + Fe + Mg) 
Cation exchange capacity (CEC), meg/100g

 
Fourier Transform Infrared (FTIR) 
The FTIR spectra of the untreated and
Comparing Figures 2 and 3, it is clear that there were some structural modifications on the clay sample as a result of 
acid activation. The untreated clay sample shows absorption bands at 47
1037.74, 1104.28, 1639.55, 3449.80, 3525.03, 3626.29 and 3692.04 cm
and 3626.29 cm-1 attributed to the O 
respectively. The vibrational bands at 3525 and 1104 cm
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Figure 1: Variation of the bleaching efficiency with calcination temperature

As the acid activation is increased, the surface area increased rapidly and reached a maximum and dropped. The 
surface area is attributed to the removal of impurities, replacement of exchangeable cations (K

) with hydrogen ions and leaching of Al3+, Fe3+, and Mg2+ from the octahedral and tetrahedral sites which 
exposes the edges of the cay particles [22]. Further increase in the acid concentration beyond 8
a decrease in the surface area as shown in Figure 1. The decrease in surface area at higher acid concentrations is 
attributed to the deeper penetration of the acid into the voids and excessive leaching of Al
resulting in the collapse of the layered crystalline structure of the clay material [23]. 

: Chemical analysis, specific surface area, maximum bleaching efficiency and cation exchange 
he natural and acid activated Udi clay samples determined by XRF

 
Chemical composition (%) Clay sample 

UD0 UD2 UD4 UD6 UD8 
24.10 19.22 16.74 13.96 10.97
48.70 58.94 63.62 68.65 70.32
11.38 8.23 6.17 4.38 3.09 
0.51 0.26 0.13 0.09 0.05 
5.20 3.75 2.17 1.23 0.99 
1.35 0.98 0.72 0.65 0.61 
2.35 1.14 1.08 0.84 0.53 
0.35 0.15 0.09 0.04 0.01 
0.30 0.16 0.10 0.05 0.05 
0.04 0.02 0.01 0.01 0.01 
5.34 3.41 2.04 1.87 1.46 
87.7 198.4 256.9 336.7 363.53

Max. Bleaching efficiency (%) 29.5 52.7 63.8 77.53 92.74
1.20 1.89 2.54 3.51 4.67 

Cation exchange capacity (CEC), meg/100g 98 76 63 54 50 

(FTIR) analysis 
The FTIR spectra of the untreated and UD8 acid treated clay samples are shown in Figures 2 and 3, respectively. 
Comparing Figures 2 and 3, it is clear that there were some structural modifications on the clay sample as a result of 
acid activation. The untreated clay sample shows absorption bands at 472.58, 559.38, 685.20, 792.77, 920.08, 
1037.74, 1104.28, 1639.55, 3449.80, 3525.03, 3626.29 and 3692.04 cm-1. After acid treatment, the bands at 3692.04 

attributed to the O – H stretching of Kaolinite were modified to 3694 and 3623.40 cm
respectively. The vibrational bands at 3525 and 1104 cm-1 associated with Al – O – Al were completely absent after 
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Calcination temperature (0C)
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Figure 1: Variation of the bleaching efficiency with calcination temperature. 

As the acid activation is increased, the surface area increased rapidly and reached a maximum and dropped. The 
surface area is attributed to the removal of impurities, replacement of exchangeable cations (K+, Na+, and 

from the octahedral and tetrahedral sites which 
the acid concentration beyond 8M of H2SO4 showed 

a decrease in the surface area as shown in Figure 1. The decrease in surface area at higher acid concentrations is 
d excessive leaching of Al3+, Fe3+, and Mg2+, 

: Chemical analysis, specific surface area, maximum bleaching efficiency and cation exchange 
determined by XRF 
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acid activation, while bands at 1037, 920, 792, 685, and 559 cm
remained after acid leaching. This verifies the x
treatment while the octahedral cations Al
is a minimal damage to the crystal str
other researchers [2], [7], [24], [25],
 

Figure 2: FT

Figure 
 
Bleaching efficiency of the acid activated sample
The bleaching results obtained using the acid modified samples in adsorbing colour pigment from palm oil are 
shown in Figures 4 and 5. Figure 4 shows the variation of the bleaching efficiency as a function of acid 
concentration while Figure 5 shows its variation with respect to the Si/
bleaching efficiency increases as the acid concentration and Si/
concentration and 4.67 of Si/ [Al + 
result of partial destruction of the clay structure by the excess acid
to macro-porous [7], [22]. 
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acid activation, while bands at 1037, 920, 792, 685, and 559 cm-1 related to the Si – O – Si and O 
eaching. This verifies the x-ray fluorescence analysis report that the Si

treatment while the octahedral cations Al3+, Fe3+, and Mg2+ decreases with acid activation. This indicates that there 
is a minimal damage to the crystal structure of the clay material. This result is in agreement with the findings of 

], [26], [27]. 

 
Figure 2: FT-IR spectra of natural Udi clay. 

 

 
Figure 3: FT-IR spectra of acid modified Udi clay. 

of the acid activated sample 
The bleaching results obtained using the acid modified samples in adsorbing colour pigment from palm oil are 
shown in Figures 4 and 5. Figure 4 shows the variation of the bleaching efficiency as a function of acid 

while Figure 5 shows its variation with respect to the Si/ [Al + Fe + Mg] ratio. Both figures depict that 
bleaching efficiency increases as the acid concentration and Si/ [Al + Fe + Mg] ratio increases up to 8M 

[Al + Fe + Mg] ratio, above these values the bleaching efficiency dropped. This is as a 
result of partial destruction of the clay structure by the excess acid and also explains the conversion of meso
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The bleaching results obtained using the acid modified samples in adsorbing colour pigment from palm oil are 
shown in Figures 4 and 5. Figure 4 shows the variation of the bleaching efficiency as a function of acid 

[Al + Fe + Mg] ratio. Both figures depict that 
[Al + Fe + Mg] ratio increases up to 8M of acid 

, above these values the bleaching efficiency dropped. This is as a 
and also explains the conversion of meso-porous 
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Figure 4: Variation of 

Figure 5: Variation of bleaching efficiency with Si / [Al + Fe + Mg] ratio.
 
Adsorption Isotherms 
The mechanism of adsorption of the colour pigme
the equilibrium data obtained from the experiments. In this study, both the Langmuir and Freundlich isotherm 
models were used to analyze the adsorption experimental data. The basic assumption of Langmuir model is that the
formation of monolayer takes place on the surface of the adsorbent indicating that only one colour pigment molecule 
could be adsorbed on one adsorption site and the intermolecular forces decrease with the distance. The model is 
given by the following equation; 
 
Ce/qe = Ce/qm + 1/ (KLqm)                                                                                                (2)
 
Where Ce is the equilibrium concentration of the pigments (mg/l), q
unit of adsorbent (mg), qm the Langmuir constant for adsorption capacity (mg/g) and K
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Figure 4: Variation of bleaching efficiency with acid concentration.

 

 
Figure 5: Variation of bleaching efficiency with Si / [Al + Fe + Mg] ratio.

The mechanism of adsorption of the colour pigments onto the acid modified Udi clay was determined by evaluating 
the equilibrium data obtained from the experiments. In this study, both the Langmuir and Freundlich isotherm 
models were used to analyze the adsorption experimental data. The basic assumption of Langmuir model is that the
formation of monolayer takes place on the surface of the adsorbent indicating that only one colour pigment molecule 
could be adsorbed on one adsorption site and the intermolecular forces decrease with the distance. The model is 

)                                                                                                (2) 

is the equilibrium concentration of the pigments (mg/l), qe is the amount of colour pigment adsorbed per 
the Langmuir constant for adsorption capacity (mg/g) and K

2 4 6 8

Acid concentration (M)

1.89 2.54 3.51 4.67

Si / [Al + Fe + Mg] ratio
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Figure 5: Variation of bleaching efficiency with Si / [Al + Fe + Mg] ratio. 

clay was determined by evaluating 
the equilibrium data obtained from the experiments. In this study, both the Langmuir and Freundlich isotherm 
models were used to analyze the adsorption experimental data. The basic assumption of Langmuir model is that the 
formation of monolayer takes place on the surface of the adsorbent indicating that only one colour pigment molecule 
could be adsorbed on one adsorption site and the intermolecular forces decrease with the distance. The model is 

is the amount of colour pigment adsorbed per 
the Langmuir constant for adsorption capacity (mg/g) and KL is the Langmuir constant 
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for energy of adsorption (L/g). The values of qm and KL were obtained from the slopes and intercept of the linear 
plots of Ce/qe versus Ce (not shown) and are shown in Table 3.  
 
The Freundlich model is applicable to heterogeneous systems and it involves the formation of multi-layers. The 
Freundlich adsorption isotherm is given by the equation; 
 
log qe = log kf + 1/n (log Ce)                                                                                           (3) 
 
where kf and n are the Freundlich constants and represent the adsorption capacity and measure of heterogeneity, 
respectively. The values of kf and n were obtained from the slopes and intercepts of the linear plots of qe versus Ce 
as shown in Figure 6 and the values are presented also in Table 3. A comparison of the values of the coefficient of 
determination  (R2) shown in Table 3, shows that the adsorption experimental data conformed better to the 
Freundlich adsorption isotherm and therefore, it can be concluded that the adsorption of colour pigments onto acid 
and thermal modified Udi clay occurred in multi-layer. 
 

. 

 
Figure 6: Freundlich adsorption isotherm for colour pigment adsorption onto acid modified Udi clay. 

 
Table 3: Freundlich and Langmuir isotherm constants and the respective correlation coefficients 

 

Isotherm Model Model Parameters 
Clay Type 

UD0 UD300 UD8 

Langmuir 
qm 72.43 74.61 83.75 
KL 0.074 0.072 0.083 
R2 0.986 0.982 0.988 

Freundlich 
kf 2.77 5.82 10.02 
n 1.49 1.39 1.37 
R2 0.990 0.992 0.993 

 
CONCLUSION 

 
The modification of the physicochemical properties of Udi clay using thermal and acid activation has been 
successfully investigated. Results of this work show that acid concentration highly affects the physicochemical 
properties more than the calcination temperature. The structural change obtained by FTIR analysis indicates that the 
destruction of the octahedral sheet is a function of acid concentration. The acid activated Udi clay yielded an 
adsorbent material that is efficient in bleaching off colour pigments from palm oil more than the untreated and 
thermally activated samples. The equilibrium result shows that the adsorption of colour pigment onto the treated and 
untreated clay samples occurs in multi-layers in agreement with the Freundlich adsorption model. 
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