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Abstract: Repeated heating of cooking oil promotes hydrolytic and oxidative degradation, resulting in elevated levels of 
peroxide compounds and free fatty acids (FFAs) that compromise oil quality. In this study, Natar clay was treated with a 
hydrolyzed aluminum-based solution prepared from AlCl3 and KOH, followed by thermal treatment, and evaluated as an 
adsorbent for reducing peroxide value and FFA content in waste cooking oil. The structural, morphological, and textural 
characteristics of the treated clay were analyzed using X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), 
scanning electron microscopy (SEM), and nitrogen adsorption-desorption analysis. The treated Natar clay exhibited reflections 
attributable to a kaolinite-related phase with aggregated pseudohexagonal plate-like particles. The specific surface area and 
pore volume of treated Natar clay were 60.994 m2/g and 0.237 cm3/g. Adsorption treatment reduced the peroxide value from 
37.80 to 4.50 meq O2/kg and decreased the FFA content from 0.40 ± 0.01% to 0.08 ± 0.02%, corresponding to reductions of 88% 
and 80%, respectively. These results demonstrate the potential of Natar clay treated with an aluminum-based solution as a 
locally sourced adsorbent for improving the quality of waste cooking oil. 
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Introduction  

Cooking oil plays an essential role in food preparation 
and is considered a staple commodity in many 
households in Indonesia [1]. Increasing global demand 
for cooking oil has contributed to supply constraints and 
considerable price fluctuations [2], [3]. Under these 
conditions, repeated reuse of cooking oil may be 
adopted as a cost-saving practice by some households 
and small-scale food vendors [4]. 

Repeated heating of cooking oil promotes chemical 
degradation through hydrolysis and oxidation processes, 

leading to the formation of free fatty acids (FFAs) and 
peroxides [5]. These oxidative by-products not only alter 
the physicochemical properties of the oil but also pose 
serious health risks when consumed, including increased 
likelihood of hypertension, obesity, 
hypercholesterolemia, and carcinogenic effects [6], [7]. 
Therefore, reducing peroxide compounds and FFAs is 
relevant for improving physicochemical quality in waste 
cooking oil.  

Among the various treatment approaches, adsorption 
has attracted considerable attention due to its 
operational simplicity, relatively low cost, and 
effectiveness in removing degradation products from 
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waste cooking oil [8], [9]. Numerous studies have 
explored various low-cost adsorbents, including 
activated carbon, agricultural by-products, and clays 
[10] - [12]. Notably, clay minerals have shown promising 
performance in adsorbing degradation products from 
waste oil compared to several biomass-derived 
adsorbents [13], [14]. 

Clay minerals are naturally occurring aluminosilicates 
composed of alternating layers of tetrahedral silica and 
octahedral alumina sheets [15]. Although clay has been 
widely investigated as a low-cost and effective 
adsorbent, the adsorption performance of some natural 
clays may be constrained by limited specific surface 
area, pore accessibility, and availability of surface 
adsorption sites [16]. Chemical treatment is therefore 
commonly applied to improve their textural and surface 
characteristics [17] - [19].  

One approach to improving the adsorption properties of 
clay involves treatment with hydrolyzed metal-
containing solutions, followed by thermal treatment. In 
several clay systems, this approach can promote the 
development of porous structures with improved 
surface area and pore volume, thereby enhancing 
adsorption performance [20], [21]. Metal-treated clay 
materials based on bentonite- or montmorillonite-
containing precursors have been investigated for waste 
cooking oil treatment. Permana et al. [22] reported 
maximum reductions of approximately 76.9% in FFA 
content and 80% in peroxide value using CuO-modified 
nanobentonite. In another study, Al/Cr-pillared clay 
reduced the acid value from 2.47 to 0.09 mg KOH/g and 
the peroxide value from 57.5 to 7.5 meq O2/kg [11]. 

Building on these findings, the investigation of 
alternative clay precursors offers an opportunity to 
broaden the application of treated clay adsorbents for 
reducing peroxide and FFA. In this study, clay collected 
from Natar, South Lampung, was treated with a 
hydrolyzed aluminum-based solution followed by 
thermal treatment. The resulting material was 
characterized and evaluated for the simultaneous 
reduction of peroxide value and FFA content in waste 
cooking oil.  

Method 

Preparation of Natar Clay Treated with an Aluminum-Based 
Solution 

A total of 200 g of raw clay from Natar, South Lampung, 
was dispersed in distilled water and stirred for 5 

minutes. The suspension was decanted, and the 
sediment was collected, dried at 100 °C for 2 hours, 
ground, and sieved through a 200-mesh screen. For acid 
activation, 250 mL of 0.2 M H2SO4 was added to the dried 
clay and stirred for 10 minutes. The suspension was left 
to stand for 24 hours at room temperature, then filtered. 
The sample was thoroughly washed with distilled water 
to remove sulfate ions, dried at 100°C for 2 hours, 
ground, and then sieved through a 100-mesh screen. 

The activated clay was subsequently treated with an 
aluminum-based solution using a clay-to-solution ratio 
of 5 g:70 mL. The treatment solution was prepared by 
dissolving AlCl3·6H2O in deionized water to obtain a 0.2 
M solution, followed by the dropwise addition of 0.4 M 
KOH until the pH reached 2. The resulting hydrolyzed 
aluminum-based solution was mixed with the activated 
clay and aged at room temperature for 24 h. The solid 
material was then washed with distilled water to remove 
residual ions, dried at 100 °C for 2 h, ground, and 
calcined at 400 °C for 2 h. The resulting material is 
hereafter referred to as aluminum-based solution-
treated Natar clay. 

Adsorption of Waste Cooking Oil 

Waste cooking oil was obtained from a local fried 
chicken vendor. The adsorption conditions were 
adapted from a previously reported method for waste 
cooking oil purification with modifications. For 
adsorption, 5 g of treated Natar clay was mixed with 20 
mL of oil (1:4 w/v ratio) and stirred at 40 °C for 15 
minutes to limit prolonged thermal exposure [11]. The 
mixture was then centrifuged, and the supernatant was 
collected for further analysis. 

Characterization 

The crystalline structure of the samples was analyzed 
using X-ray diffraction (XRD, Rigaku Miniflex) with Cu Kα 
radiation (λ = 1.5406 Å). Functional groups were 
identified via Fourier Transform Infrared Spectroscopy 
(FTIR, Shimadzu Prestige 21). Surface morphology was 
observed using a scanning electron microscope (SEM, 
Thermo Scientific Quanta 650). Surface area and pore 
structure were determined by nitrogen adsorption–
desorption isotherms (BELSORP MINI X). The BET 
method was used to calculate surface area, while the 
BJH method was applied for pore volume and diameter. 

Determination of Peroxide Value 

Approximately 5.00 ± 0.01 g of oil was mixed with 50 mL 
of glacial acetic acid-chloroform (3:2 v/v). The solution 
was stirred until homogeneous, followed by the addition 



Journal of Science and Applicative Technology  Original Article  

Copyright © 2026 Journal of Science and Applicative Technology   J. Sci. Appl. Tech. vol. 10 (1), 2026, pp. 33-38 | 35 
Published by: Lembaga Penelitian dan Pengabdian Masyarakat (LPPM) 
Institut Teknologi Sumatera, Lampung Selatan, Indonesia 

GINTING et al., Journal of Science and Applicative Technology vol. 10 (1), 2026, pp. 33-38 

of 0.5 mL saturated KI and shaking for 1 minute. Then, 
30 mL of distilled water was added. The released I₂ was 
titrated with standardized Na2S2O3 until the yellow color 
faded. After adding 0.5 mL of 1% starch solution, the 
titration continued until the blue color disappeared. 
Each sample was analyzed in duplicate. 

𝑃𝑉, 𝑚𝑒𝑞 𝑝𝑒𝑟𝑜𝑥𝑖𝑑𝑒/𝑘𝑔 =
1000 ×  𝑁 × (𝑉1 −  𝑉0)

𝑊
 

Where: 
N = normality of sodium thiosulfate standard 
V0 = volume of sodium thiosulfate used to titrate the 
sample (mL) 
V1 = volume of sodium thiosulfate used to titrate the 
blank (mL) 
W = mass of sample (g) 

Determination of Free Fatty Acid (FFA) Calculated as 
Palmitic Acid 

FFA was measured by dissolving 5.00 ± 0.01 g of oil in 50 
mL of warm ethanol, followed by the addition of five 
drops of 1% phenolphthalein. The solution was titrated 
with standardized 0.1 N KOH until a persistent pale pink 
color appeared. All samples were analyzed in duplicate. 

% 𝐹𝑟𝑒𝑒 𝑓𝑎𝑡𝑡𝑦 𝑎𝑐𝑖𝑑, 𝑎𝑠 𝑝𝑎𝑙𝑚𝑖𝑡𝑖𝑐 𝑎𝑐𝑖𝑑 =  
25,6 × 𝑉 × 𝑁

𝑊
  

Where: 
V = volume of potassium hydroxide used to titrate the 
sample (mL) 
N = normality of potassium hydroxide 
W = mass of sample (g) 

 

Results and Discussion 

The phase composition of the Natar clay-based 
adsorbent was analyzed using X-ray diffraction (XRD), as 
presented in Figure 1. The diffraction pattern exhibits 
characteristic peaks of kaolinite at the (2 theta) positions 
of 12.39°, 25.05°, and 38.50° [23]. These reflections 
indicate the presence of kaolinite-related minerals in the 
treated clay. Additional reflections, observed at 20.9° 
and 26.8°, are attributed to quartz, confirming the 
presence of quartz as a companion mineral phase. No 
distinct reflections attributable to a separate crystalline 
alumina phase were detected. Similar observations have 
been reported for clay materials treated with aluminum-
containing solutions [19]. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. XRD pattern of treated Natar Clay 

The FTIR spectrum of the prepared material is shown in 
Figure 2. The absorption band observed in the range 
around 3600 cm-1 is attributed to the O-H stretching of 
inner hydroxyl groups in the clay layers [24].  Additional 
bands at 3450.45 and 1631 cm-1 are associated with 
water molecule vibrations, indicating residual hydration 
of the treated material. The band at 912.33 cm-1 
corresponds to Al-OH bending, typical of kaolinite group 
minerals, while the Al-O stretching appears at 430.13 
cm-1 [25]. A band at around 536.21 cm-1 originates from 
the Si-O-Al vibration. Strong Si-O stretching vibrations 
are observed at 1035.77 cm-1 and 692.44 cm-1, 
corresponding to in-plane and out-of-plane modes of 
the SiO4 tetrahedra. Additionally, Si-O-Si bending 
vibrations are evident at 468.71 cm-1 [24], [26]. The 
presence of hydroxyl-containing surface groups may 
facilitate interactions with polar degradation products 
during adsorption. 

 

 

 

 

 

 

 

 

 

Figure 2. FT-IR spectrum of treated Natar Clay 
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The treated Natar clay consists of aggregated 
pseudohexagonal plate-like particles, as shown in Figure 
3, which is consistent with the morphology commonly 
associated with kaolinite-containing clay materials [27]. 
The textural properties were further evaluated using 
nitrogen adsorption-desorption analysis. As shown in 
Figure 4, the isotherm exhibits a Type II profile with an 
H3-type hysteresis loop. This type of hysteresis is 
commonly associated with plate-like particles [28]. This 
observation is consistent with the SEM morphology. The 
relatively limited adsorption at low relative pressures 
suggests a limited contribution from micropores, while 
the pronounced increase in adsorption at higher relative 
pressures may be associated with larger pores and 
interparticle voids. 

 

 

 

 

 

 

 

 

Figure 3. SEM image of treated Natar clay 

The treated Natar clay exhibited a specific surface area 
of 60.994 m2/g and a pore volume of 0.237 cm3/g, 
indicating a porous structure suitable for adsorption 
applications. The pore size distribution curve (inset Fig. 
4) exhibits multiple peaks, indicating a heterogeneous 
pore architecture. With an average pore radius of 1.704 
nm, the material falls within the mesoporous range. 

The adsorption performance of the treated Natar clay 
was evaluated based on its ability to reduce the peroxide 
value (PV) and free fatty acid (FFA) content of waste 
cooking oil. The PV was determined by iodometric 
titration, in which peroxide compounds oxidize iodide 
ions (I-) to iodine (I2), followed by titration with sodium 
thiosulfate (Na2S2O3). According to SNI 7709:2012, 
edible cooking oil should have a PV below 10 meq O2/kg 
[29]. The untreated waste cooking oil exhibited a PV of 
37.80 meq O2/kg, which exceeded the specified 
reference limit. After adsorption treatment with the 
treated Natar clay, the PV decreased to 4.50 meq O2/kg, 
corresponding to an 88% reduction. 

 

 

 

 

 

 

 

 

 

 

Figure 4. The N2 adsorption-desorption isotherm (inset figure: pore 

size distribution of treated Natar clay) 

The FFA content was determined using an alkalimetric 
titration method, in which free fatty acids react with 
potassium hydroxide (KOH). According to SNI 
7709:2012, the maximum allowable FFA content in 
edible palm cooking oil is 0.3% [29]. The untreated waste 
cooking oil exhibited an FFA content of 0.40 ± 0.01%, 
which exceeded the specified reference limit. After 
adsorption treatment with the treated Natar clay, the 
FFA content decreased to 0.08 ± 0.02%, corresponding 
to an 80% reduction. 

The observed reduction in peroxide value and FFA 
content may be associated with the porous architecture 
and hydroxyl-containing surface groups of the treated 
clay. The measured surface area and pore volume 
provide accessible regions for interactions with 
degradation products, while surface hydroxyl groups 
may facilitate interactions with polar compounds [30]. 

Table 1. Comparison of PV and FFA removal performance of clay-based 
adsorbents for waste cooking oil purification  

Adsorbent 

Adsorb

ent to 

oil ratio 

Contact 

time 

(min) 

PV 

reduction 

(%) 

FFA 

reduction 

(%) 

Ref. 

Activated 

Ranong 

Kaolinite 

15 g/ 

85 g 
30 75.7 26 [13] 

Al/Cr Pillared 

Clay 

0.2 g/ 

10 mL 
60 91.30 96.35 [11] 

Nano 

bentonite-CuO 

2 g/ 

100 g 
75 80 76.69 [22] 

Activated 

Marauke Clay 

5 g/ 

100 mL 
300 n.r 81.66 [14] 

Fuller Earth 
4.5  g/ 

95.5 g 
30 74 58.77 [31] 
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Fly ash-

modified 

bentonite 

5 g/ 

50 g 
90 n.r 70 [32] 

Treated Natar 

Clay  

5 g/ 

20 mL 
15 88 80 

This 

work 

n.r = not reported 

As shown in Table 1, the treated Natar clay achieved 
reductions of 88% in peroxide value and 80% in FFA 
content within a contact time of 15 min. These values fall 
within the range reported for other clay-based 
adsorbents. However, direct comparison should be 
made cautiously because the studies employed different 
adsorbent loadings, contact times, temperatures, initial 
oil qualities, and analytical conditions. 

Conclusions 

The treated Natar clay exhibited textural and surface 
characteristics relevant to reducing the peroxide value 
and free fatty acid content of waste cooking oil. The 
peroxide value decreased to 4.50 meq O2/kg, while the 
FFA content decreased to 0.08 ± 0.02%, corresponding 
to reductions of 88% and 80%, respectively. XRD analysis 
indicated the presence of kaolinite-related crystalline 
features and quartz as an accompanying mineral phase, 
while SEM analysis revealed aggregated 
pseudohexagonal plate-like particles. The treated 
material exhibited a specific surface area of 60.994 m2/g, 
a pore volume of 0.237 cm3/g, and a heterogeneous 
pore architecture. These textural and surface 
characteristics may contribute to the removal of 
oxidative and acidic degradation products from waste 
cooking oil. The results demonstrate the potential of 
treated Natar clay as a locally sourced adsorbent for 
reducing peroxide value and FFA content in waste 
cooking oil. Further surface-interaction studies would be 
required to establish the dominant adsorption 
mechanism. 
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