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ABSTRACT 

Smectite from Ubulu-uku was activated thermally and chemically to increase its adsorptive performance. The 
thermally and chemically modified samples were analyzed using X-ray Fluorescence (XRF).Thermal activation 
involved drying in the sun for 24 hours, milling it to a particle size of 0.212 mm and heating at a temperature 
range of 150 to 750 0C (150, 300, 450, 600, and 750 0C). The chemical activation was carried out by 
immersing the samples in 100 mL of a hydrochloric acid solution. It was determined what the physicochemical 
properties were, including acidity, cation exchange capacity, oil retention, and surface area.The samples' 
adsorptive abilities were then evaluated by bleaching palm oil using them. The X-ray fluorescence results 
showed that the chemical compositions of the sampleswere altered by both thermal and acid treatments. There 
were some disappearances of the stretching bands at 3692, 3525, and 1104 cm-1 assigned to the H-O-H 
stretching. The surface area was also observed to increase in value with the thermal treatment until the 
temperature reached600 oC.The physicochemical results indicated that the chemically activated samples have 
a larger surface area, acidity, and lower cation exchange capacity with a bleaching efficiency of 95.8%. In 
comparison, the thermally activated samples have a lower surface area, acidity, and high cation exchange 
capacity with a bleaching efficiency of 89.7%. This study has revealed that the performance of local clay 
minerals can be enhanced by thermal and acid activation. 

 
Keywords:[AcidActivation,PhysicochemicalProperties,Bleaching,ThermalTreatment,Smectite] 
 
1. INTRODUCTION 
 
The morphological, mineralogical, chemical, and thermal characteristics of clay minerals, such as 
smectite, vary, and their exchange behavior is also different[1].Clay minerals are naturally used in many 
industrial applications, such as the food, chemical, and paper industries, due to their great variability 
[2,3].Nevertheless, using the clay minerals unmodified (chemical and thermal treatments) isn't always 
feasible.By changing the clay's structure, modification can increase its surface area and adsorption 
capacities [4]. 
 
Acid processing of clay minerals, specifically fiber-rich clays[5,6,7,8],smectites [9,10,11,12] and Kaolinite, 
which is frequently used to improve their physicochemical behavior in an effort to achieve better industrial 
properties [13]. After treating sepiolite with acid, [14] came to the conclusion that the resulting silica could 
be competitive with precipitation-derived silica in a variety of industrial applications. Because acid 
treatment increases the specific surface area and number of active sites of the solids, it is commonly 
referred to as acid activation of clay minerals. 
 
By disaggregating particles, possibly removing mineral impurities, and removing metal-exchange cations, 
this treatment changes the surfaces of clays.According to [15], acid-treated clay minerals are commonly 
used for the commercial purposes of bleaching or decolorizing oils. They are also applied in the fields of 
adsorption and catalysis [16,17]. 
 
Clay materials are heated to high temperatures in order to thermally treat the minerals in clay[18]. The 
type of clay, particle size, and heating range all have a significant impact on how the heated clays change 
in structure and chemical composition[19]. To get rid of any contaminants and moisture that may have 
adhered to the clay particle, the clay minerals are burned [1]. Initially, weight loss and an increase in 
surface area are caused by the removal of the hydrated and adsorbed water and impurities attached to 
the clay particles during the dehydration stage. This opens up additional adsorption sites[19]. Additional 
heating results in the de-hydroxylation.The surface functional groups and the structure of the clay are 
changed if the heating is prolonged past the point of dehydroxylation. The links inside the clay structure 
break, causing the structure to collapse and its surface area to decrease [19,20]. 
 
Although extensive research has been conducted on acid and thermal activation of clay minerals, there is 
limited focus on their application in bleaching palm oil using locally sourced smectite from Ubulu-



 

uku.Numerous studies demonstrated that heat and acid treatments of certain clay minerals enhance their 
catalytic and adsorbent properties; strong treatments, on the other hand, may introduce an opposite 
behavior, reducing this activity [21,22,23,24]. Smectite is a lamellar-shaped hydrated aluminum silicate, 
making it easily pliable to water and other polar molecules. Because of this, smectites have extremely 
strong plastic and colloidal characteristics. Their physical characteristics also vary depending on the type 
of exchangeable cations that neutralize the structure and their composition, which can shift in octahedral 
locations. 

 
In this work, smectite from Ubulu-uku was altered by thermal and acid treatment to enhance its capacity 
for absorption. The modified samples were analyzed and characterized to investigate the impacts of the 
different modification methods. To examine the samples' adsorptive abilities, palm oil was bleached using 
them. 
 
2. MATERIALSANDMETHODS 

2.1 Materials 

Clay substance with a grey hue from Ubulu-uku (N: 6° 16’ 00”; E: 6° 55’ 00”; A: 118m) in Delta state, 
Nigeria was employed as the main raw material. An oil mill located at Isuofia (N: 6° 1’ 60”; E: 7° 2’ 60”; A: 
361m), in Aguata, Anambra state, Nigeria produced the refined palm oil used. Analytical grade chemicals 
bought from Conraws Company Ltd, Enugu, were all that were used. 
 
2.2 ExperimentalMethods 
 
2.2.1 The clay sample's thermal activation 
 
Thermal activation was used to alter the physical properties of the clay material. After 24 hours of drying 
in the sun, the mined clay was cleaned and milled to a particle size of 0.212 mm. A crucible containing 20 
g of the sized sample was measured and put in a muffle furnace. During a predetermined 90-minute 
period, the thermal activation was carried out throughout a temperature range of 150 to 750 0C (150, 300, 
450, 600, and 750 0C). Following the activation period, the samples were removed and allowed to cool for 
four hours in a desiccator. The numbered labels on the samples—UB0, UB150, UB300, UB450, UB600, 
and UB750—indicate the calcination temperatures that were employed in the investigation. 
 
2.2.2 The clay sample's acid activation 
 
The clay material was ground to a particle size of 0.212 mm and allowed to air dry before being activated. 
A 250 mL flask was filled with 10 g of the prepared sample and 100 mL of a hydrochloric acid solution. 
The resultant suspension was heated for two hours and thirty minutes to 90 0C on a hot plate that was 
magnetically agitated. The resultant slurry was put into a Buchner funnel at the conclusion of the 
experiment in order to separate the clay and acid. Using a pH tester, the remaining clay was repeatedly 
cleaned with distilled water until the neutral point was reached. For four hours, the clay residue was dried 
in an oven set to 800C. After being dried, the samples were crushed and re-screened to a particle size of 
0.212 mm.An additional round of activation was conducted using varying acid concentrations (1.5–6.5 mol 
L–1) of HCl. The resulting clay samples were given the following labels: UB0, UB1.5, UB2.5, UB3.5, 
UB4.5, UB5.5, and UB6.5. The numbers on the labels represent the quantities of acid that were employed 
in the activation process. 
 
2.3 Evaluation of the clay samples' characteristics 
 
The samples of natural, acid-treated, and thermally-activated clay were analyzed to identify their chemical 
and mineralogical constituents. Using samples generated using the traditional KBr disc method, the 
chemical composition was ascertained using an X-ray fluorescence (XRF) Philips PW 2400 XRF 
spectrometer, and the mineralogical composition was ascertained using a Fourier transform infrared 
(FTIR) Shimadzu S8400 spectrophotometer. 
 
2.3.1 Specificsurfacearea 
 
[25,26] description of ethylene glycol mono-ethyl-ether (EGME) was used to calculate the surface area. 
Samples of clay were ground through a No. 40 sieve after being sun-dried. After removing the water, a 
tiny portion of the sample was dried with P2O5 and kept in an oven overnight at 105 0C. The dried sample 



 

was weighted (Wa) with an analytical balance that had a 0.001 g accuracy level after one gram was 
distributed out into the bottom of the aluminum tare. Using a pipette, around 3.0 mL of laboratory-grade 
EGME was added to the sample, and it was gently swirled to generate a homogenous slurry.To quantify 
the surface area precisely, the EGME was used to every clay sample. After that, the aluminum tare was 
put inside a typical laboratory vacuum desiccator that was sealed with glass and given 20 minutes to 
acclimate. The vacuum pump was then used to remove the desiccator. After 12, 16, and 24 hours, the 
aluminum tare was taken out of the desiccator and weighed (Ws). The sample was put back in the 
desiccator and evacuated for two more hours if its mass changed by more than 0.001 g between two 
measurements. Until the sample mass did not change by more than 0.001 g, the procedure was 
repeated. The following is how the surface area was expressed: 

 
ܣ =

௔ݓ
௦ݓ0.000286

(1) 

 
whereA = surface area (m2 g-1), Wa= weight of EGME retained by the sample and Ws= weight of P2O5-dried 
sample.According to [27], 0.000286 is the weight of EGME needed to build a uni-molecular layer on a surface 
area of one square meter.  
 
2.3.2 CationExchangeCapacity(CEC)[28] 
 
Using a magnetic stirrer, 5 g of the clay sample were weighed and placed into a 250 mL polythene bottle. 
Weighing both the bottle and its contents (M1). After adding 100 milliliters of buffered barium chloride 
solution to the bottle, it was shaken for a full hour on a magnetic stirring plate. The bottle was centrifuged at 
1500 rpm for 15 minutes at the conclusion of the period, and the supernatant was disposed of. After adding 
200 mL more of the buffered barium chloride solution, the mixture was stirred for an additional hour on a 
magnetic stirring plate. Overnight, the bottle and its contents were left. The bottle and its contents were 
centrifuged at 1500 rpm for 15 minutes the next day, and the supernatant was disposed of. On the 
magnetic stirring plate, 200 mL of distilled water was introduced and stirred for a few minutes. The 
supernatant was disposed of after it was centrifuged for an additional fifteen minutes. Weighing both the 
bottle and its contents (M2). After thoroughly mixing 100 milliliters of MgSO4 solution using a pipette, the 
mixture was placed on the magnetic stirring plate and allowed to stand for two hours, stirring now and then. 
Two hours later, the contents were centrifuged for fifteen minutes at 1500 rpm, and the supernatant was 
poured into a stoppered bottle. Pipette 5 mL of this solution into a 100 mL conical beaker, followed by the 
addition of 5 mL of ammonia buffer and 6 drops of indicator. Titer A1 milliliters of standard EDTA were used 
to titrate this mixture. Five milliliters of an aliquot of 0.05 M MgSO4 solution (titer B mL) were used for 
another titration. A shift in color from blue to pink denoted the endpoint. This is how the Cation Exchange 
Capacity was determined: 
 

ܥܧܥ = 8 ቊܤ −
൫ܣଵ × (100 + ଵ)൯ܯ−ଶܯ

100
ቋ൬

݉݁݃
100݃

൰																				(2) 

 
Where CEC = cation-exchange capacity (meq (100g)-1), M1= weight of bottle plus dry content (g), M2= weight 
of bottle plus wet content (g), A1= titration end-point of the sample (mL), and B = titration end-point of MgSO4 
solution (mL) 
 
2.3.3 Measurement of acidity 
 
100 mL of distilled water were mixed with 10 g of clay. The concoction was given a good shake. Next, a pH 
meter was used to determine the pH of the clay suspension. 10 g of clay was put to a 3-minute boil in 10 mL 
of distilled water for the acidity test. After that, it was filtered and given another 100 mL of distilled water 
wash.After that, 0.1 N NaOH solutions were used to titrate the filtrate and wash liquid together to the 
phenolphthalein endpoint. Afterwards, the percentage weight of NaOH per gram of clay was used to 
determine the acidity: 

Acidity = ൤
VxNx40

௖ܹ
൨ × 100																																																				(3) 

where W is the weight of clay (g), N is the amount of sodium hydroxide, and V is the volume of sodium 
hydroxide used in the titration (mL). 
 
2.3.4 Oilretention(OR) [29,30] 
 
After mixing 100 g of oil and 10 g of clay, the mixture was heated to 120 0C for five minutes and then 



 

maintained there for an additional five minutes. A suction apparatus was used to filter the mixture for thirty 
minutes. After filtering, the cake was weighed. The percentage oil retention was calculated as: 
 

%OR = ௖ܹ[(100− (݁݇ܽܿ	݊݅	ଶܱܪ% − 10(100 − [(ݕ݈ܽܿ	݊݅	ଶܱܪ%
10 												(4) 

 
Where OR represents oil retention, Wc is the weight of the cake (g). The percent of H2O in cake and clay 
was determined by drying them in an oven at 110 0C until the weight change was negligible. 
 
2.4 Bleachingexperiment 
 
Batch processing was used to carry out the bleaching trials. Two grams of activated clay samples were 
added to a 250-milliliter beaker along with 50 grams of refined palm oil. The clay and oil mixture were 
heated to 80 0C for 30 minutes while being constantly stirred in a water bath. The resulting slurry was 
filtered using dry filter paper after the reaction was complete. The color of the bleached oils was then 
measured using a UV-Vis spectrophotometer (Shimadzu UV mini 1240) set to 450 nm in order to ascertain 
the bleaching capacity of the acid-activated clays. The bleaching efficiency of theacid-activated clay was 
calculated in this study using the following equation[31]: 
 

%	Bleaching	ef iciency =
௨௡௕௟௘௔௖௛௘ௗܣ) − (௕௟௘௔௖௛௘ௗܣ

௨௡௕௟௘௔௖௛௘ௗܣ
																																					(5) 

 
WhereAunbleachedandAbleachedaretheabsorbenciesoftheunbleachedandbleachedoils,respectively.  
 
3. RESULTS AND DISCUSSIONS 
 
3.1 Result of the clay samples' characteristics 
 
3.1.1 FourierTransformInfrared(FTIR)spectroscopyanalysis 
 
Figures 1 and 2 display the spectra of the untreated and 5.5 mol L-1 HCl-treated samples, respectively. To 
investigate the impact of acid-leaching on the clay mineral, FTIR spectra of the raw and acid-leached clay 
samples were acquired in the 400–4000 cm-1 range. The changes in the functional groups indicate the 
modifications that occurred during the activation process[32,33]. During the acid-leaching of the clay 
samples, the protons from the acid medium penetrated the clay structures attacking the OH groups thereby 
causing the alteration in the adsorption bands attributed to the OH vibrations and octahedral cations. The 
intensities of the stretching bands observed at 3449, 1639, and792 cm-1 (associated with O-H, along with Al-
OH stretch) decreased after acid activation. The increase in the severity of acid caused the disappearance 
of the stretching bands at 3692, 3525, and 1104 cm-1 assigned to the H-O-H stretching. After acid leaching, 
the peak designated to the Si-O-Si stretch at 472, 685, 920, 1037, 1037, and 3626 cm-1 survived, albeit with 
a modest rise in intensity; other researchers found similar results [2,34]. Following the acid treatment, the 
tetrahedral transformation happened at 720 cm-1, which increased. 



 

 

 

 

 

Fig.1.FTIRspectrumofuntreatedUbulu-ukuclaysample. 
 



 

 

3.1.2 Result of the clay sample's thermal activation 
 
Table 1 presents the findings from the chemical analysis of the thermally activated Ubulu-uku clay samples. 
The primary chemical compositions, according to the data, are oxides of Si, Fe, and Al, together with various 
mineral oxides of K, Na, Mg, Ca, and other elements. When the calcined samples were compared to the raw 
sample, it was seen that the oxides rose up to 600 0C throughout the calcination process and then stayed 
constant at higher temperatures. This may be explained by the clay structure's total loss of organic materials 
and water.It was observed that the CEC of the thermally activated samples reduced as the temperature rose 
(Table 1). This decline in CEC was ascribed by [35] to the deformation associated with the CaM layers. Due to 
reversible dehydration, CEC significantly reduces when the temperature rises to 600 0C. Irreversible 
dehydration and de-hydroxylation cause the space between the 2:1 CaM layers to gradually contract as the 
temperature rises beyond 600 0C, which also gradually reduces swelling.The reason for the quick fall in CEC is 
the increasing difficulty of the barium chloride cations in aqueous solution to penetrate the CaM interlayer. 
Considering that the interlayer has largely crumbled. 
 
The results of the variance in surface area with thermal activation are presented in Table 1. From the table, it 
can be observed that the surface area showed an increase in value until the thermal treatment 
reached6000C,andathighertemperatures,therewasanabruptfallinthevalue.[36] suggested that this parallel 
variation showed that the surface area stems from the walls of the micro and meso pores. [37]stated that the 
reduction in surface area during thermal activation may be due to the loss of raw material caused by the effect 
of increased temperatures.As the temperature increases from 6000C the crystal framework of the minerals 
found in the clay, likemontmorillonite and illite in the bentonite rapidly collapses. Parallel to this collapse as the 
empty spaces between the layers have been destroyed the pore volume and consequently the surface area 
drops rapidly. In the original clay mineral, the surface area which is 98.8m2g-1 increased by more than 100% 
and reached its maximum which is 225.3m2g-1 as a result of the thermal treatment applied during 2 hr at6000C. 
 
Figure 3 displays the findings from the adsorption experiments conducted on the thermally activated samples 
in bleaching palm oil. The figure illustrates how the adsorption effectiveness rose up to 600 0C and then 
decreased as the calcination temperature climbed. This may be explained by the fact that samples that were 
activated beyond 600 0C displayed reduced Si/ [Al3+ + Fe3+ + Mg2+] ratios and surface areas. Similar results 
were reported by others [38]. This is consistent with the data in Table I, which shows that the thermally 
activated sample at 600 0C had the largest surface area and hence absorbed more pigments than the other 
samples.In their 2008 study, [39] examined the adsorption of lead on thermally activated clays and found that 
as the temperature increased during calcination, physisorbed water was removed, which led to an increase in 
adsorption. However, as the temperature went further, adsorption reduced due to a decrease in surface area. 
 
3.1.3 Result of the clay sample's acid activation 
 
TheresultsoftheX-rayFluorescenceanalysisoftheacid-activatedsamplesareshowninTable2.Ascan be 
observed from the table, the octahedral cations such as Al3+, Fe3+, and Mg2+, reduced appreciably as the 
intensity of the acid treatment increased, while the tetrahedral cation, like Si4+, increased with the severity of 
acid treatment. The behavior showed by the Al2O3, Fe2O3, and MgO content with progressive acid treatment 
is related to the progressive dissolution of the clay minerals. The octahedral sheet destruction passes the 
cations into the solution, while the silica generated by the tetrahedral sheet remains in the solids, due to its 
insolubility. [23] suggested that this free silica generated by the initial destruction of the tetrahedral sheet is 
polymerized by the effect of such high acid concentrations and is deposited on the 
undestroyedsilicatefractions,protectingitfromfurther attack. Apartfromleachingout of the octahedral and 
tetrahedral cations, the acid-activated samples showed a decrease in the cation exchange capacity and an 
increase in the surface area with an increase in the severity of acid treatment as shown in Table 2, but this 
was observed to reverse for higher acid concentration. The increase in the surface area from the natural to 
acid-activated samples could be related to the elimination of the exchangeable cations, de-lamination of 
smectite, and the generation of micro-porosity during the process. The decrease observed for higher acid 
concentration could be explained by the passivation of the clay from further acid attack by the insoluble 
silica [23]. 
 
Figure 4 displays the bleaching capabilities of the Ubulu-uku smectite samples that were treated with acid. 
As can be observed in the figure, the acid concentration employed in the activation step grew, so did the 
bleaching efficiency. This is aresultofthe removal oftheoctahedral cations fromthesmectite structure which 
creates more active sites for the adsorption of color pigments onto the clay surface. [40] found that the more 



 

the removal of octahedral cations from the bentonite original structure, the better the decolourizing power of 
the acid-activated sample. The decolourizing power of the acid-
activatedsampleswasobservedtoreachanoptimumvalueat5.5molL-1treatment,butas the concentration 
continued to rise, a decline in that ability was evident. This could be related to the destruction of the clay 
crystalline structure by the excess acid attack [3].[41,31,42] reported that increase in bleaching temperature 
and adsorption time improved the bleaching efficiency by reducing the free fatty acids in the oil. 
 
The cation exchange capacity (CEC) data given in Table 2 showed that there is a sharp decrease in the 
CEC of 22.3% from sample UB0 to UB2.5. Smectite sample Ub4.5 maintained only 54.5% of the initial CEC, 
while sample UB5.5 possessed only 48.2% of the initial CEC. This progressive decrease in CEC values 
upon treatment with hydrochloric acid can be understood in terms of the depopulation ofoctahedral 
sheets.Itis well establishedthatleachingoftheoctahedral cations (Mg2+,Fe2+,Al3+)resultsina reduction of the 
negative layer charge and therefore of the CEC [43]. The net reduction in CaO content indicated that the 
Ca2+ exchange cations were replaced by hydrogen ions and/or polyvalent cations leached from the 
octahedral sheet. The decrease in the octahedral sheet oxides (Al2O3, MgO, and Fe2O3) along with the 
concomitant increase in silica content proved that the original structure was altered [44]. 
 
The acidity of the activated smectite samples was affected by the acid activation process. The acidity of the 
smectitesamples is presented in Table 2. The acidity was observed to increase with an increase in the 
severity of the acid treatment. It has been observed that the number of acid centerssignificantly increases in 
acid-activated clay samples compared with natural samples [45]. [46] reported that Bronsted acid sites are 
generated by the exchange of inter-lamellar cations with protons and Lewis acid sites correspond to Mg2+ 
and Al3+ present at the edges of octahedral sheets. The Bronsted acidity stems from terminal hydroxyl 
groups and from bridging oxygen [47]. An enhancement in the acidity of the host matrix following acid 
treatment has been observed [48] and explained as the number of the matrix protons (on the clay sheets), 
not associated with the interlayer cations, which may be increased by acid treatment [44]. 
 
The activated smectites' acidity had an impact on how well they bleached as well. Sample UB5.5 exhibited 
the maximum acidity (0.06), which is in excellent agreement with its high bleaching efficiency (94.2%).It was 
not surprising that the clay mineral's acidity is essential to its bleaching ability. The acidity found in clay 
minerals is caused by H+ ions either taking up exchange sites on the surface or by the water hydrating the 
exchangeable metal cations dissociating[44]: 
 

[M (H2O) x] n+ [M(OH)(H2O)x-1](n–1)++H+ (6) 

It may be assumed that the increase in the Bronsted acidity of the clay after acid activation is what initially 
caused the improvement in bleaching efficiency.Following the process, the surface hydroxyl groups on the 
fractured alumina sheets in acid-activated clay minerals can form a type of adsorption site: 

 
Al-OH + H3O+  Al-OH++H2O2 (7) 

The protonated AlOH2+ structure can function as a strong binding site, allowing pigments and other coloring 
agents found in palm oil to adhere to it. Similar to how color is removed from oil, surface activity is 
necessary to remove contaminants such as metals, soaps, and phospholipids [49]. Drawing from the 
aforementioned results, it is plausible to say that the polar pigments are drawn to the extremely hydrophilic 
protonated clay framework. On the other hand, the clay material becomes essentially hydrophobic silica by 
substantial leaching of cations from the octahedral sheet, which is used to adsorb the non-polar coloring 
materials present in the oil [44]. 
 

Table 1. The chemical composition, surface area, and Si/ [Al + Fe + Mg] ratios of thermally 
activated and raw Ubulu-uku clay determined by XRF 
 
Chemicalcomposition Claysamples 

UB0 UB150 UB300 UB450 UB600 UB750 

Al2O3 27.21 27.94 28.31 28.60 28.75 28.69 

SiO2 50.92 54.57 56.55 57.97 59.26 58.29 

Fe2O3 9.36 9.58 9.72 9.94 10.22 10.19 



 

CaO 0.41 0.51 0.51 0.51 0.51 0.51 

MgO 3.10 3.35 3.42 3.67 3.83 3.78 

K2O 0.35 0.49 0.52 0.55 0.59 0.57 

TiO2 1.24 1.49 1.52 1.57 1.64 1.61 

Na2O 0.04 0.05 0.05 0.05 0.05 0.05 

Surfacearea(m2/g) 98.8 125.4 169.8 202.3 225.6 195.8 

Si/(Al+Fe+Mg) 1.28 1.34 1.36 1.37 1.38 1.37 

Cationexchangecapacity(meg 
 
(100g)-1) 

112 104 98 87 82 80 

 

Table 2. The chemical composition, surface area, cation exchange capacity, and Si/ [Al + Fe + Mg] 
ratios of acid activated and raw Ubulu-uku clay determined by XRF 
 

Chemicalcomposition Claysamples 

UB0 UB1.5 UB2.5 UB3.5 UB4.5 UB5.5 UB6.5 

Al2O3 27.21 22.63 16.45 11.54 7.72 3.83 4.76 

SiO2 50.92 59.31 64.75 69.54 72.51 75.63 75.87 

Fe2O3 9.36 6.72 4.84 3.11 2.23 1.07 1.43 

CaO 0.41 0.29 0.21 0.17 0.16 0.15 0.15 

MgO 3.10 2.04 1.65 1.03 0.82 0.43 0.49 

K2O 0.35 0.19 0.08 0.05 0.03 0.03 0.03 

TiO2 1.24 1.14 1.02 0.98 0.74 0.67 0.59 

Na2O 0.04 0.02 0.02 0.02 0.01 0.01 0.01 

Surfacearea(m2g-1) 98.77 156.7 194.6 235.8 255.3 297.4 267.5 

Si/(Al+Fe+Mg) 1.28 1.89 2.82 4.43 6.73 14.19 11.36 

Oilretention 36 39 41 42 44 45 46 

Acidity 0.001 0.01 0.03 0.04 0.04 0.06 0.06 

Cationexchangecapacity 
 
(meg(100g)-1) 

112 104 87 72 61 54 58 
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Fig.3. Variation of the bleaching efficiency with calcination temperature 
 



 

 

 

 

 

 

 

 
4. CONCLUSION 
 
Modification of the Ubulu-uku smectite structure by acid and thermal activation was successfully carried out. 
The results of both activation methods showed that the clay structure is affected. Attack on the smectite 
structure after acid treatment is based on the amount of acid present and that of thermaltreatment depends 
on the temperature. The results of these procedures on the characteristics of smectite were examined. by x-
ray fluorescence, chemical analysis, and infrared spectrophotometric examination. The activated samples 
showed high adsorption capacity in bleaching palm oil compared to the untreated sample. The natural 
smectite's mineralogical composition affected the properties exhibited by the activated samples and these 
properties enhanced their adsorption capacity. 
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