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ABSTRACT: Used cooking oil underwent thermal and oxidative degradation due to repeated 

heating, resulting in increased peroxide levels and producing rancid odors, discoloration, and 

potential toxicity. In this study, the initial peroxide value of the used cooking oil was 56.42 

meq O₂/kg, indicating significant oxidative degradation. The study evaluated the ability of 

activated sugarcane bagasse-bentonite (ASBB) and non-activated (SBB) composites to reduce 

peroxide values. Characterization was performed using SEM-EDX and FTIR, while adsorption 

efficiency was tested by varying the adsorbent dose (2–10 g) and treatment time (0–180 

minutes). Peroxide reduction was analyzed using iodometric titration. The results showed that 

ASBB was more effective, with 10 g of ASBB and 180 minutes of treatment reducing the 

peroxide value by up to 82.3–84.5%.  
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1. Introduction 

Used cooking oil referred to cooking oil that had undergone repeated use and heating, rendering 

it susceptible to thermal and oxidative degradation [1]. This degradation process induced 

alterations in the physical and chemical properties of the oil, including foam formation, the 

development of a rancid odor, a color change from bright yellow to brownish, and increased 

levels of free fatty acids and peroxide value [2]. The accumulation of peroxide value, resulting 

from the oxidation of unsaturated fatty acids at elevated temperatures, generated free radicals, 

hydroperoxides, and derivative compounds such as aldehydes and ketones [3, 4]. These 

compounds were toxic and posed significant health risks, including cardiovascular disease, 

neurological disorders, and an elevated risk of cancer due to cellular and DNA damage [5]. 

In addition to health implications, the improper disposal of used cooking oil presented 

substantial environmental challenges, leading to drainage blockages, water contamination, and 

degradation of soil and ecosystem vitality [6, 7]. Consequently, it was imperative to implement 
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circular economy strategies for the repurposing of waste cooking oil, one of which included a 

purification process aimed at reducing the concentration of harmful compounds such as 

peroxides. The peroxide value was the main parameter used to assess the oxidation level of 

used cooking oil and to determine its suitability for recycling as a feedstock for biodiesel [8]. 

Adsorption was a widely utilized purification method due to its effectiveness, cost 

efficiency, and environmental sustainability. The adsorption process enabled the removal of 

oxidative compounds while generating minimal hazardous waste. A promising material used 

as an adsorbent was bagasse, a biomass byproduct abundantly available in Indonesia. Bagasse 

was composed primarily of lignocellulose, including cellulose, hemicellulose, and lignin. 

These components contributed to its porous structure and high carbon content, rendering it an 

excellent candidate as a base material for adsorbents [9]. The activation of bagasse with sodium 

hydroxide (NaOH) solution had been shown to enhance surface area, increase pore volume, 

and introduce active functional groups such as hydroxyl and carboxyl groups, thereby 

improving adsorption capacity [10]. 

In addition to biomass, bentonite served as a natural adsorbent characterized by high 

cation exchange capacity, substantial surface area, and excellent structural stability. The 

montmorillonite mineral content in bentonite played a crucial role in the effective adsorption 

of both organic and inorganic compounds [11, 12]. The combination of bagasse with bentonite 

held potential for producing composite materials with enhanced adsorption efficiency by 

leveraging the synergy between the porosity of the bioadsorbent and the structural stability 

provided by bentonite. 

The application of sugarcane bagasse–bentonite composites and their NaOH-activated 

variants represented an effective strategy for reducing the peroxide value of used cooking oil. 

This approach not only enhanced the quality of recycled oil but also promoted the sustainable 

utilization of biomass and mineral waste within the framework of a circular economy. The 

primary objective of this study was to evaluate and compare the effectiveness of these 

composites in decreasing peroxide value, while also elucidating their adsorption mechanisms 

through FTIR, SEM, and EDX analyses. 

2. Materials and Methods 

2.1. Raw material. 

Used cooking oil was collected from a local small-scale food vendor (UMKM) engaged in 

repeated frying processes. Sugarcane bagasse was used as the biochar precursor, while 

bentonite was employed as the supporting material for composite preparation. 

2.2. Chemicals. 

Some of the chemicals used for peroxide adsorption include Glacial Acetic Acid 100% 

(Merck), Chloroform 99.8% (Merck), Sodium Thiosulfate 0.1 N (Merck), Amylum 1% 

(Merck), and Potassium Iodide (Merck). In addition, NaOH 0.5 N (Merck) is used to activate 

the biochar before compositing. 
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2.3. Material preparation. 

2.3.1. Bentonit. 

To prepare the bentonite suspension, 250 g of commercially sourced bentonite was mixed with 

2 l of distilled water and stirred for 10 minutes. The mixture was then allowed to settle for 24 

hours. The supernatant was discarded, and the sediment was filtered and subsequently dried in 

an oven at 105°C for 3 hours. After drying, the bentonite was ground into a fine powder and 

passed through a 100-mesh sieve (0.149 mm) to obtain a uniform particle size. The processed 

bentonite was stored in a desiccator and an airtight container at room temperature to prevent 

moisture absorption. 

2.3.2. Sugarcane bagasse biochar. 

Sugarcane bagasse biomass was cut into pieces measuring approximately 5–10 cm in length 

and thoroughly washed with distilled water to remove impurities. The washed biomass was 

dried at 105°C for 12 hours. After drying, the biomass underwent pyrolysis at 250°C for 1 hour 

to produce biochar. The resulting biochar was ground and sieved to a particle size of 100 mesh 

(0.149 mm) and stored in a desiccator. The biochar was then activated using a sodium 

hydroxide (NaOH) solution at a ratio of 1:5 (biochar to NaOH 0.5 N) and allowed to stand for 

24 hours [13]. Following activation, the biochar was washed until neutral pH was achieved, 

dried at 105°C for 2 hours, and stored in an airtight container at room temperature. 

2.3.3 Biochar-bentonite composite. 

Bentonite was mixed with distilled water at a ratio of 1:20 (bentonite to distilled water) and 

stirred for 20 minutes using a jar test apparatus. Biochar was then added to the bentonite 

suspension at a mass ratio of 1:1 and stirred for an additional 2 hours. The mixture was allowed 

to settle and subsequently filtered using a vacuum pump to separate the composite from the 

residual solution. The obtained composite was dried at 105°C for 2 hours and sieved through a 

100-mesh sieve (0.149 mm). The composite was stored in a desiccator and an airtight container 

at room temperature. 

2.4. Characterization analysis. 

Both NaOH-activated and non-activated biochar–bentonite composites underwent 

characterization analyses using scanning electron microscopy (SEM), energy-dispersive X-ray 

spectroscopy (EDX), and Fourier transform infrared spectroscopy (FTIR). SEM-EDX analysis 

was conducted using a Hitachi FlexSEM 1000 equipped with AMETEK EDAX to examine 

surface morphology and elemental distribution. Functional groups were analyzed using FTIR 

(Agilent Technologies). In addition, the initial and final peroxide values were determined using 

iodometric titration in accordance with SNI 7709:2012. 

2.5. Adsorption study. 

The adsorption study was conducted by varying the adsorbent dose and treatment time. The 

effectiveness of peroxide number reduction (E) and the adsorption capacity (q) for each 

variation were calculated using Eqs. (1) and (2). 
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𝐸 (%) =  
𝐶0−𝐶1

𝐶0
x 100   Eq. 1 

where E is the removal efficiency (%); C0 is the initial concentration before adsorption (mg/L); 

C1 is the concentration after adsorption (mg/L) 

𝑞 (
𝑚𝑔

𝑔
) =

(𝐶0−𝐶1) 𝑉

𝑚
   Eq. 2 

where q is the adsorption capacity (mg/g); C0 is the initial concentration before adsorption 

(mg/L); is the concentration after adsorption (mg/L); V is the volume of the solution; m is the 

mass of the adsorbent used (g) 

2.5.1. Effect of different dosage adsorbent. 

The adsorbent dosage was varied to determine the optimal amount for the adsorption of 

peroxide value from used cooking oil. In this experiment, 100 mL of used cooking oil was 

placed in a 250 mL beaker, and different masses of the biochar–bentonite composite (2, 4, 6, 

8, and 10 g) were added. The mixture was stirred using a mixer at 250 rpm for 180 minutes at 

a temperature of 50°C. After the adsorption process was completed, the mixture was 

centrifuged to separate the adsorbent residue from the oil filtrate. The resulting filtrate was then 

used for peroxide value analysis.  

2.5.2. Effect of treatment time. 

The treatment time was varied to determine the optimal adsorption duration for the removal of 

peroxide value from used cooking oil. A total of 100 mL of used cooking oil was placed in a 

250 mL beaker, and the biochar–bentonite composite was added. The mixture was stirred at 

250 rpm for different time intervals of 30, 60, 90, 120, 150, and 180 minutes to ensure 

homogeneity. During the experiment, other parameters were kept constant, including an 

adsorbent dosage of 10 g and a temperature of 50°C. After the adsorption process, the mixture 

was centrifuged to separate the adsorbent residue from the oil filtrate. The obtained filtrate was 

subsequently analyzed to determine the peroxide value. 

2.6. Peroxide value analysis. 

Peroxide value analysis was conducted in accordance with SNI 7709:2019. A total of 5 g of 

used cooking oil was placed in a 250 mL Erlenmeyer flask, followed by the addition of 50 mL 

of a glacial acetic acid–chloroform mixture (3:2, v/v). After homogenization, 0.5 mL of 

potassium iodide (KI) solution was added, and the mixture was stirred again before adding 30 

mL of distilled water. The sample was then titrated with 0.1 N sodium thiosulfate 

(Na₂S₂O₃·5H₂O) solution until the yellow color nearly disappeared. Subsequently, 0.5 mL of a 

1% starch indicator was added, and the titration was continued until the blue color completely 

disappeared. The analysis was performed in duplicate, and the volume of sodium thiosulfate 

consumed was recorded to calculate the peroxide value using Eq. (3):  

𝑃𝑉 (
𝑚𝑒𝑞𝑂2

𝑘𝑔
) =  

1000 𝑥 𝑁 𝑥 (𝑉0−𝑉1)

𝑊
  Eq. 3 



Industrial and Domestic Waste Management 5(2), 2025, 182−194 

186 
 

where N is the normality of the Na2S2O3. 5H2O solution (N);  V1 is the volume of sodium 

thiosulfate solution for titrating the sample (mL); V0 is the volume of sodium thiosulfate 

solution for titrating the blank (mL); W is the weight of the sample (g). 

3. Results and Discussion 

3.1. Characterization analysis. 

3.1.1. Scanning Electron Microscope-Energy Dispersive X-ray (SEM-EDX) analysis. 

Surface morphology analysis was performed using SEM to examine the surfaces of the 

sugarcane bagasse–bentonite biochar composite (SBB) and the activated sugarcane bagasse–

bentonite composite (ASBB). In addition, EDX analysis was conducted to identify and map 

the distribution of chemical elements on the surface of the solid materials. Figure 1(A) 

illustrates the Scanning Electron Microscopy (SEM) results of the SBB composite, showing 

that the biochar surface retained a relatively smooth texture with a porous structure that was 

not yet fully developed. At a magnification of 1000×, the pores appeared to be partially filled 

with bentonite particles adhering to the pore walls. This observation suggested that the mixing 

process resulted in a relatively uniform distribution of bentonite on the biochar surface. Such 

structural features indicated effective physical interaction between biochar and bentonite, 

leading to the formation of a stable and homogeneously distributed composite [13–15]. In 

contrast, Figure 1(B) presents the SEM analysis of the ASBB composite. The surface structure 

was noticeably rougher and more irregular, with more pronounced voids and cracks compared 

to the non-activated composite. The NaOH activation process facilitated the formation of new 

pores and increased the number of active sites on the biochar surface, thereby enhancing the 

interaction between biochar and bentonite and allowing bentonite particles to occupy the pore 

voids more effectively [17]. The presence of surface cracks further indicated an increase in 

specific surface area, which could significantly enhance the adsorption capacity of the 

composite [18]. 

  

Figure 1. SEM analysis results SBB (A); ASBB (B). 

Table 1 presents the elemental composition of the SBB composite, showing that carbon 

(C) accounted for 57.93% and oxygen (O) comprised 28.96%. In addition, mineral elements 

such as silicon (Si) at 9.51% and calcium (Ca) at 0.94% were detected, which are characteristic 

of bentonite. The predominance of carbon indicated that the biochar structure remained the 
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primary component of the composite, while the presence of mineral elements confirmed the 

successful incorporation of bentonite onto the biochar surface [19]. Aluminum (Al) was 

detected in trace amounts (0.87%), as it primarily resided within the interlayer structure of 

bentonite and was often masked by silicon and oxygen signals in the EDX analysis [20]. In 

contrast, the ASBB composite also exhibited dominant carbon and oxygen elements; however, 

NaOH activation resulted in a marked reduction in carbon content from 57.93% to 29.41%. 

This decrease was attributed to the removal of volatile carbon-containing compounds during 

the activation process [17]. Conversely, the relative concentrations of oxygen, silicon, 

aluminum, magnesium (Mg), and calcium increased due to pore expansion and the disruption 

of mineral bonds induced by NaOH treatment [21]. Furthermore, the presence of sodium (Na) 

as a residual element from the activation process contributed to an increased negative surface 

charge on the adsorbent, thereby enhancing electrostatic interactions with polar compounds 

during the adsorption process. 

 

Table 1. Element composition in SBB and ASBB. 

Item SBB (%wt) ASBB (%wt) 

C 57.93 29.41 

O 28.96 41.12 

Si 9.51 17.02 

Al 0.87 3.93 

Mg 0.28 0.42 

Ca 0.94 2.17 

K 0.40 0.59 

Fe 1.12 3.29 

Na - 2.04 

3.1.2. Fourier-Transform Infrared Spectroscopy (FTIR) analysis. 

Figure 2 illustrates the Fourier Transform Infrared (FTIR) spectra of the SBB composite (black 

line) and the ASBB composite (blue line). In the SBB spectrum, the broad band observed in 

the region of 3340–3390 cm⁻¹ corresponded to O–H stretching vibrations, which were 

attributed to hydroxyl groups present in both bentonite and the lignocellulosic residues of 

biochar. The bands at 1580 cm⁻¹ and 1423 cm⁻¹ indicated the presence of aromatic C=C bonds 

and carboxylate (–COO⁻) groups, respectively. Additionally, the band observed in the range of 

1000–1050 cm⁻¹ signified Si–O–Si and Si–O–Al stretching vibrations, indicating effective 

integration between the bentonite aluminosilicate framework and the oxygen-containing 

functional groups of the biochar [22]. This observation suggested that the bentonite structure 

remained stable and contributed to an increased number of active adsorption sites. In the ASBB 

spectrum, prominent bands at 3623 and 3339 cm⁻¹ demonstrated an increase in the intensity of 

O–H groups, resulting from the NaOH activation process and indicating the formation of a 

more hydrophilic surface. The shift of the band from 1423 cm⁻¹ to 1401 cm⁻¹ signified the 

interaction of carboxylate (–COO⁻) groups with sodium (Na⁺) ions, leading to the formation of 

additional polar and charged active sites [23]. Peaks observed at 1006 and 872 cm⁻¹ further 

confirmed the dominance of the Si–O–Si and Si–O–Al structures and suggested the formation 

of new functional groups due to modifications in the silicate framework. Overall, NaOH 

activation enhanced both the abundance and reactivity of hydroxyl and silicate groups, 

producing a more polar and reactive surface that ultimately improved the adsorption capacity 

for polar compounds present in used cooking oil. 
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Figure 2. FTIR analysis results SBB (A); ASBB (B). 

3.2. Effect of different dosage adsorbent. 

An adsorbent dose ranging from 2 to 10 g was used to investigate the peroxide value reduction 

efficiency (E) and adsorption capacity (q) of the SBB and ASBB composites. All reported data 

represented the average values obtained from duplicate experiments. As shown in Figure 3, an 

increase in the adsorbent dose led to an increase in peroxide reduction efficiency. Initially, the 

peroxide value of the used cooking oil was 56.42 meq O₂/kg. Using the SBB composite, the 

reduction efficiency increased to 70.14%, whereas the ASBB composite achieved a higher 

efficiency of 82.33%. These results indicated that increasing the adsorbent dose provided more 

available active sites to interact with hydroperoxide groups [24, 25]. In contrast, as the 

adsorbent dosage increased, the specific adsorption capacity (q) decreased. At lower dosages, 

the active sites on the adsorbent were more accessible, allowing for greater peroxide adsorption 

per unit mass. However, at higher dosages, the available peroxide compounds became limited 

relative to the number of active sites, leading to partial site saturation and a reduction in 

adsorption capacity [26]. This adsorption behavior was consistent with the FTIR and SEM–

EDX analyses, which supported the proposed mechanism through the identification of –OH, 

C=O, and Si–O–Si functional groups, as well as the increased presence of Si, Al, and Na 

elements in the ASBB composite, indicating the formation of additional active adsorption sites 

[27–30]. Although a higher adsorbent dosage enhanced the overall peroxide removal efficiency 

(E), it simultaneously reduced the adsorption capacity per unit mass. Similar trends were 

reported in previous studies on used cooking oil purification. Wardoyo’s study demonstrated 

that the addition of 10% (b/v) papaya powder reduced the peroxide value by 52.16% after 5 

days of agitation using a shaker, indicating that an increased adsorbent dosage improved 

peroxide removal efficiency [31]. Likewise, Marlina’s research reported that the addition of 6 

g of NaOH-activated cocoa powder to 72 mL of used cooking oil decreased the peroxide value 
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from 15.3 meq O₂/kg to 3.25 meq O₂/kg [32]. These findings were consistent with the present 

study, in which the ASBB composite exhibited superior performance due to NaOH activation, 

which enhanced pore structure and introduced reactive functional groups, thereby improving 

interactions with hydroperoxide compounds [18, 21]. 

 

Figure 3. Peroxide value adsorption efficiency and adsorption capacity against different dosage adsorbent of 

SBB (A); ASBB (B). 

As illustrated in Figure 4, peroxide adsorption onto SBB and ASBB occurred through a 

combination of pore filling and surface interactions. In the SBB composite, peroxide 

compounds were primarily adsorbed via physical interactions, including van der Waals forces 

and weak hydrogen bonding between hydroperoxide groups and surface –OH or –Si–OH 

functional groups. The porous structure observed in the SEM images facilitated the diffusion 

of peroxide molecules into internal pores, where adsorption predominantly occurred through 

pore filling [25, 33]. In contrast, the ASBB composite exhibited enhanced adsorption due to 

NaOH activation and bentonite incorporation, which increased surface alkalinity, pore 

accessibility, and the abundance of active sites. The presence of –OH, –Si–OH, and 

deprotonated –COO⁻ groups, along with Na⁺ counter ions, promoted stronger interactions such 

as hydrogen bonding and dipole–dipole interactions with peroxide molecules. These stronger 

interactions, combined with an improved pore structure, resulted in higher adsorption 

efficiency for ASBB compared to SBB [21, 34]. Overall, the adsorption mechanism involved 

a synergistic effect of pore filling and surface interactions, with ASBB demonstrating stronger 

and more effective peroxide binding. 
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Figure 4. Adsorption mechanism of SBB and ASBB adsorbents. 

3.3. Effect of treatment time. 

Treatment time was a critical factor in determining the rate and quantity of peroxide molecules 

that interacted with the adsorbent surface. All reported data represented the average values 

obtained from duplicate experiments. As illustrated in Figure 5, the removal efficiency (E) of 

the SBB and ASBB composites increased with extended treatment time. During the initial 0 to 

30 minutes, the increase in efficiency occurred rapidly because the adsorbent surface provided 

a large number of readily accessible active sites. However, after reaching 150 minutes, the 

increase in adsorption efficiency for the ASBB composite decelerated, indicating that the 

system was approaching adsorption equilibrium, in which most active sites had been occupied 

[35, 36]. In contrast, the SBB composite exhibited a more gradual increase in efficiency up to 

180 minutes. This behavior was attributed to the absence of an activation treatment, which 

resulted in some pores remaining obstructed by residual organic materials from the pyrolysis 

process. Consequently, the penetration of peroxide compound molecules into the pores and the 

occupation of deeper adsorption sites required a longer contact time [37]. 

A similar trend was observed for the adsorption capacity (q), which showed a rapid 

increase at the initial stage due to a high concentration gradient between the oil phase and the 

adsorbent surface, followed by a slower increase and eventual stabilization as surface saturation 

was approached [38]. Across all treatment times, the ASBB composite consistently exhibited 

higher removal efficiency and adsorption capacity than the SBB composite. This improvement 

was attributed to NaOH activation, which enhanced pore development and increased the 

availability of reactive functional groups such as –O– and –Na–O, thereby strengthening 

interactions with peroxide compounds [18, 29, 39]. Comparable adsorption behavior was 

reported in previous studies [40], which demonstrated that biochar could be regenerated after 

each adsorption step and reused for up to five adsorption–desorption cycles with only a slight 

decrease in capacity. However, the regeneration and reusability of ASBB were not investigated 

in the present study, highlighting an important aspect that may serve as a novelty and direction 

for future research. 
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Figure 5. Peroxide value adsorption efficiency and adsorption capacity against treatment time on SBB (A); 

ASBB (B). 

4. Conclusions 

ASBB demonstrated superior effectiveness in reducing the peroxide value of used cooking oil 

compared to the non-activated composite. At an adsorbent dosage of 10 g, ASBB reduced the 

peroxide value by up to 82.33%, achieving a maximum efficiency of 84.5% after 180 minutes 

of contact time. The gradual stabilization of adsorption efficiency and capacity at prolonged 

treatment times indicated that equilibrium had been attained due to the saturation of available 

active sites. The enhanced performance of ASBB was attributed to NaOH activation, which 

improved the pore structure and increased the availability of reactive functional groups, thereby 

strengthening interactions with peroxide compounds. Compared with similar bio-based 

adsorbents reported in previous studies, the ASBB composite exhibited competitive adsorption 

performance, highlighting its practical potential as a low-cost and effective adsorbent for 

laboratory-scale purification of used cooking oil. 
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