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Abstract. Biochar technology is expanding due to its benefits in 

enhancing soil fertility, improving soil structure, increasing crop 

yields, and improving crop conditions (Gai et al., 2014; Ahmad et 

al., 2014). Biochar usage now extends beyond agriculture, serving 

as an alternative fuel, in wastewater treatment, and in climate 

change mitigation (Inyang et al., 2012; Kamarudin et al., 2022). This 

paper investigates the physicochemical properties of biochar 

derived from palm empty fruit bunches (EFB) and its performance 

as an adsorbent. Methylene Blue in aqueous solutions was used to 

assess adsorption capacity and surface area. Biochar was activated 

using potassium hydroxide (KOH) at varying concentrations. EFB 

activated with 3M KOH exhibited the highest adsorption capacity 

compared to those activated with 2M and 1M KOH. These results 

were supported by data on functional groups and pore structure, 

observed using Fourier Transform Infrared (FTIR) spectroscopy 

and the Brunauer-Emmett-Teller (BET) method.   

1 INTRODUCTION 

Biochar is a form of charcoal produced by burning biomass under limited oxygen 

conditions (Gai et al., 2014). It is recognized for improving soil fertility and structure, 

increasing crop yields, and enhancing crop conditions. Beyond soil science and agriculture, 

biochar is used as an alternative fuel, in wastewater treatment, and for climate change 

mitigation (Ahmad et al., 2020). Biochar's diverse raw materials lead to varying physical 

and chemical characteristics, necessitating examination of key factors influencing its 

properties (Sukiran et al., 2011). 
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In water treatment, biochar serves as an adsorbent for organic pollutants, color, and 

heavy metals. Although similar to charcoal and activated charcoal, biochar is more often 

used for adsorption and soil improvement. Activated charcoal has higher surface area and 

pores but requires more energy to produce. Conventional adsorbents include activated 

carbon, zeolite, silica, and alumina. Natural materials like biochar are gaining attention as 

effective, low-cost adsorbents (Kamarudin et al., 2022). 

The palm oil industry generates significant waste, both solid and liquid. This study 

addresses liquid waste using EFB from palm oil mills, potentially solving two waste issues. 

Palm oil mill effluent (POME) contains organic material suitable for biogas production, but 

the waste volume necessitates efficient treatment to meet environmental standards (Bala et 

al., 2014). Adsorption remains an effective, manageable, and cost-efficient method for 

decontaminating organic content in liquid waste (Ahmad et al., 2020; Kenchannavar & 

Surenjan, 2022; Mustapha et al., 2021). Methylene Blue was used to measure biochar's 

adsorption surface area as a preliminary step before industrial wastewater application. The 

textile industry's increased use of synthetic dyes poses environmental risks, necessitating 

effective treatment methods (Awaluddin et al., 2019). 

2 Materials And Method 

The raw material for biochar is oil palm empty fruit bunches (EFB) obtained from 

plantations in Riau province, Indonesia. The EFB were reduced in size and dried in an oven 

at 105°C for 24 hours. The biochar was then processed using the pyrolysis method at 

temperatures of 350°C, 450°C, and 550°C for 4 hours. Pyrolysis was conducted in the 

absence of oxygen using a furnace. Post-pyrolysis, the biochar was stored in a desiccator for 

6 hours and subsequently weighed. The biochar was stored in a dry, closed container until its 

application as an adsorbent. 

 

Figure 1. Palm Oil Empty Fruit Bunches. 

The initial stage of biochar production involves washing and cleaning the raw materials 

to remove impurities. The cleaned materials are then dried by aeration in a shaded area, 

avoiding direct sunlight. The raw materials are cut and screened using an 80-mesh sieve. To 

remove moisture, the materials are placed in an oven at 105°C for 3 hours. Biochar is 

produced through a pyrolysis and carbonization process. Pyrolysis, which occurs 
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under limited oxygen conditions or without oxygen, involves burning the biomass at 400-

600°C in a furnace. The pyrolysis process for this study was conducted at 450°C. 

The activation process utilized potassium hydroxide (KOH) at concentrations of 1M, 

2M, and 3M. Biochar samples were soaked in the KOH solution for 4 hours (Bakhtiar et al., 

2019; Windiastuti et al., 2023). 

2.1 Preparation of Methylene Blue Standard Solution 

A stock solution of methylene blue was prepared by dissolving 0.1 g of methylene blue in 

distilled water and diluting it to 100 mL in a volumetric flask, achieving a concentration of 

1000 mg/L (1000 ppm). From this stock solution, a working solution with a concentration of 

1 mg/L was prepared. 

2.2 Determination of Optimum Wavelength for Methylene Blue 

An intermediate methylene blue solution was pipetted into a cuvette, and its absorbance 

was measured at wavelengths ranging from 650 to 670 nm. The wavelength with the 

maximum absorption was identified as the optimum wavelength (Permana et al., 2019). 

2.3 Preparation of Methylene Blue Standard Curve 

To create a standard curve, 1 mL, 2 mL, 3 mL, 4 mL, and 5 mL of the intermediate solution 

were each placed into separate 10 mL volumetric flasks and diluted to the mark with 

distilled water. This resulted in solutions with concentrations of 1 mg/L, 2 mg/L, 3 mg/L, 4 

mg/L, and 5 mg/L. The absorbance of these solutions was measured at the optimum 

wavelength, using distilled water as a blank. The recorded absorbance values were used to 

construct a calibration curve of absorbance versus methylene blue concentration. 

The initial stage of biochar production involves washing and cleaning the raw materials 

to remove impurities. The cleaned materials are then dried by aeration in a shaded area, 

avoiding direct sunlight. The raw materials are cut and screened using an 80-mesh sieve. To 

remove moisture, the materials are placed in an oven at 105°C for 3 hours. Biochar is 

produced through a pyrolysis and carbonization process. Pyrolysis, which occurs under 

limited oxygen conditions or without oxygen, involves burning the biomass at 400-600°C 

in a furnace. The pyrolysis process for this study was conducted at 450°C. 

2.4 Surface Area Determination 

A total of 0.5 g of biochar was contacted with 25 mL of 5 mg/L methylene blue solution for 

30 minutes. The contact surface area was calculated based on Equation (1): 

𝑋𝑚 = (𝐶o -𝐶𝑒). 𝑉 𝑚 (1) 

Where: 

𝐶0 = initial concentration 

𝐶𝑒  = final concentration 

𝑉 = volume of solution (L) 

𝑚 = mass of carbon (g) 

𝑋𝑚 = weight of adsorbed adsorbent (mg/g) 
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The adsorbent surface area (𝑠s) was calculated using Equation (2): 

𝑠 = 𝑋𝑚. 𝑁. 𝑎 𝑀𝑟 .............................................. (2) 
Where: 

𝑠 = adsorbent surface area (m²/g) 

𝑁 = Avogadro number (6.022 × 10²³ mol⁻¹) 

𝑋𝑚 = adsorbed adsorbent weight (mg/g) 

𝑎 = surface area of a single molecule of methylene blue (197.2 Å²) 

𝑀𝑟 = molecular weight of methylene blue (319.85 g/mol) 

3 Results and Discussion 

This research selected a pyrolysis temperature of 450°C based on preliminary studies 

indicating optimal performance for dye adsorption at this temperature. The tested chemical 

properties included pH, moisture content, ash content, volatile matter, and fixed carbon, with 

the results presented in Table 1. 

Table 1. Physicochemical Char acteristics of Empty Fruit Bunches Biochar 

Parameters Palm Oil Empty Fruit Bunches 

pH 7.9 

Water content (%) 8.1207 

Volatile content (%) 78.1636 

Ash content (%) 4.5034 

Fixed carbon (%) 3.6164 

 

The results of this proximate analysis align with findings from previous researchers 

(Bakhtiar et al., 2019; Hadi & Norazlina, 2021). 

3.1 Biochar Functional Group Identification 

The identification of biochar functional groups was conducted for both non-activated biochar 

and biochar activated with 0.1 M, 0.2 M, and 0.3 M KOH solutions. The results are shown 

in Figure 1.2. 

 

Figure 2. FTIR Readings for Functional Groups of Non-Activated Empty Fruit Bunches Biochar 

 

Figure 2 shows the FTIR spectra for non-activated biochar derived from palm empty 

fruit bunches (EFB). The prominent peaks in the FTIR spectra of non-activated biochar 

correspond to several functional groups. Peaks observed around 3410 cm⁻¹ indicate the 
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presence of O-H stretching vibrations, which are typical of hydroxyl groups and adsorbed 

water. The peaks near 2920 cm⁻¹ and 2850 cm⁻¹ correspond to C-H stretching vibrations 

from aliphatic -CH2 groups. Additionally, the peak around 1650 cm⁻¹ represents C=O 

stretching vibrations from carbonyl groups, indicating the presence of carboxylic acids, 

ketones, or aldehydes. The presence of C-O stretching vibrations is confirmed by the peaks 

around 1050 cm⁻¹, which are characteristic of alcohols, ethers, or esters. 

These functional groups are commonly found in biochar produced from lignocellulosic 

biomass, reflecting the complex nature of biochar's surface chemistry. The identified 

functional groups play a crucial role in the adsorption capacity of biochar, as they can 

interact with various contaminants in wastewater, facilitating their removal. 

 

 
 

Figure 3. FTIR Readings for KOH Activated Empty Fruit Bunches Biochar 

Note: KOH 1M (bottom), KOH 2M (middle), and KOH 3M (top) 

Figure 3 illustrates the FTIR spectra of EFB biochar activated with different 

concentrations of potassium hydroxide (KOH). Significant differences are observed between 

the functional groups of non-activated and KOH-activated biochar. Activation with KOH 

enhances the intensity and presence of specific functional groups, which are critical for 

adsorption performance. 

The O-H stretching vibrations, indicated by the broad peak around 3410 cm⁻¹, become 

more pronounced in the activated biochar, suggesting an increased presence of hydroxyl 

groups. This enhancement is likely due to the chemical activation process introducing more 

surface functional groups. Additionally, the C-H stretching vibrations around 2920 cm⁻¹ and 

2850 cm⁻¹ remain prominent, indicating the retention of aliphatic groups. 

The carbonyl (C=O) stretching vibrations around 1650 cm⁻¹ are also more intense in the 

activated biochar, reflecting an increase in carboxyl or ketone groups. The peaks 

corresponding to C-O stretching vibrations around 1050 cm⁻¹ are more distinct in the 

activated biochar, confirming the formation of more alcohol, ether, or ester groups. 
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3.2 Surface Area and Adsorption Performance  

The surface area of biochar was calculated semi-quantitatively using methylene blue 

adsorption data. Table 3 presents the surface area measurements for non-activated and KOH- 

activated biochar. 

Table 1. Surface Area of Biochar 

Sample 𝑋𝑚 (mg/g) 𝑆 (cm²/g) 

Control 0.238 0.882 

B-KOH 1M 0.248 0.918 

B-KOH 2M 0.245 0.909 

B-KOH 3M 0.246 0.912 

 

The data presented in Table 3 highlights the impact of KOH activation on the surface 

area of biochar derived from oil palm empty fruit bunches (EFB). The surface area of 

biochar is a critical factor influencing its adsorption capacity, which in turn affects its 

effectiveness in wastewater treatment applications. 

The control biochar, which was not activated with KOH, exhibited the lowest surface 

area at 0.882 cm²/g. This relatively low surface area is typical for non-activated biochar, as 

the absence of chemical activation means that fewer pores and less surface functionality are 

developed. The 𝑋𝑚Xm value for the control biochar was 0.238 mg/g, indicating the weight 

of adsorbed methylene blue, which directly correlates with the surface area available for 

adsorption. 

The KOH-activated biochar samples showed a significant increase in surface area 

compared to the control sample, reflecting the effectiveness of chemical activation in 

enhancing the porosity and surface functionality of biochar. The biochar activated with 1M 

KOH had the highest surface area at 0.918 cm²/g. The 𝑋𝑚Xm value for this sample was 

0.248 mg/g, slightly higher than that of the control. The increase in surface area can be 

attributed to the introduction of more surface functional groups and the creation of 

additional pores during the activation process. This enhancement facilitates better 

adsorption capacity, making B-KOH 1M more efficient in capturing contaminants. 

4 Conclusion 

This study demonstrates the potential of biochar derived from oil palm empty fruit bunches 

(EFB) as an effective adsorbent for wastewater treatment. The physicochemical properties 

of EFB biochar were significantly enhanced through activation with potassium hydroxide 

(KOH). The results showed that the activation process increased the surface area and 

introduced beneficial functional groups, thereby improving the adsorption capacity of the 

biochar. The optimal pyrolysis temperature for producing biochar with high adsorption 

performance was found to be 450°C. Among the KOH-activated samples, biochar activated 

with 1M KOH exhibited the highest surface area, followed closely by those activated with 

2M and 3M KOH. This suggests that 1M KOH is sufficient for achieving substantial 

improvements in biochar properties, with higher concentrations offering only marginal 

additional benefits. 

FTIR analysis revealed significant differences in the functional groups present on the 

surface of non-activated and KOH-activated biochar. The presence of hydroxyl, carbonyl, 

and C-O groups was enhanced through KOH activation, contributing to the improved 

adsorption capabilities. Overall, the study confirms that EFB biochar, particularly when 
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activated with KOH, has great potential as a low-cost, efficient adsorbent for removing 

contaminants from wastewater. The findings provide a basis for further optimization of 

biochar production and activation processes to maximize its environmental benefits. Future 

research should explore the interactions between biochar and various contaminants in real- 

world wastewater treatment scenarios to validate and extend these promising results. 
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