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Empty Oil Palm Fruit Bunches (EOPFB) have a high organic content such as 
cellulose, hemicellulose, and lignin which have the potential to be used as raw 
materials for activated carbon. This study aims to analyze the electrical 
properties of activated carbon produced from EOPFB using various chemical 
activation materials, namely KOH, ZnCl2, and CuCl2. The synthesis process 
includes drying, carbonization at 600 ℃ for 1 hour and chemical activation for 
24 hours. Characteristics of diffraction patterns using X-Ray Diffraction (XRD). 
Electrical properties of resistivity and conductivity using the 4-point probe 
method. In addition, the capacitance and dielectric constant using the parallel 
plate method. The results of this study show that the diffraction pattern of 
activated carbon from EOPFB generally forms an amorphous phase.  Activated 
carbon with ZnCl2 chemical activation increases the electrical conductivity, 
which is 1.15 × 108 S/m compared to KOH at 4.1 × 10-1 S/m and CuCl2 at 1.9 × 10-

1 S/m. The capacitance value increased with chemical activation of CuCl2, namely 
4.44 × 10-3 F/g compared to ZnCl2 at 3.8 × 10-3 F/g and KOH at 1.06 × 10-3 F/g. 
The dielectric constant value of activated carbon increased by using chemical 
activation of CuCl2, namely 5.6 × 1010 compared to ZnCl2 of 5.3 × 1010 and KOH of 
1.5 × 1010. It has potential as a dielectric material for capacitors. 

 This work is licensed under a Creative Commons Attribution-ShareAlike 4.0 International License 
 

 

1. PENDAHULUAN 
Biomass produced from Empty Oil Palm Fruit Bunches (EOPFB) is a renewable energy source 

that produces environmentally friendly energy (Kongto et al., 2022). This is due to its ability to convert 
biomass into bioenergy such as heat, electricity, and biofuels in the form of solid, liquid and gas fuels 
(Terry et al., 2022). EOPFB is waste with high organic content which is often referred to as lignocellulosic 
waste. The main components in it are cellulose, hemicellulose, and lignin which form complex chemical 
bonds, making it the basic material of plant cell walls (Muryanto et al., 2023). EOPFB can be converted 
into activated carbon through physical or chemical activation processes. Activated carbon is a solid 
carbon that is commonly used as an adsorbent to adsorb liquid and gas phases (Pet et al., 2024). In 
addition, it is found in various allotropes such as graphite and diamond, as well as in amorphous forms 
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such as charcoal, carbon black, and biochar (Wang et al., 2021). Carbon can be produced from renewable 
and non-renewable raw materials. The precursors taken for carbon synthesis depend on the availability, 
price and stability of supply (Neme et al., 2022). In recent years, research has focused on developing 
biochar as an electrode material for energy storage devices such as batteries and supercapacitors. This 
material is able to store electrical energy as a dielectric material (Tamara et al., 2024). 

Daily energy requirements for energy storage devices such as batteries, material cells, and 
supercapacitors are increasing. In general, lithium-ion batteries, often called LIBs, function as energy 
storage in various applications and can be used in electric vehicles (Kristiyono et al., 2022). This 
technology is capable of significantly reducing harmful gas emissions, making it very important to 
achieve carbon balance (Moon et al., 2023). Various studies have shown that variations in dielectric 
constant are more affected by mechanical loads or environmental conditions than electrical resistivity. 
This study has focused on assessing the effectiveness of various fillers of conductive materials such as 
steel, carbon, and graphene (Chi et al., 2023). 

In previous research, activated carbon from tobacco stem core was activated using ZnCl2 with a 
percentage ratio of activator to carbon of 2:1. These results indicate a specific capacitance of 342 F/g at 
a current density of 1 A/g (Ma et al., 2021). In 2025, Nahda produced activated carbon from prasman 
leaves using 0.2 M ZnCl2 activator. In 2025, Diantoro used manihot esculenta tubers to produce activated 
carbon. This research was conducted using 4 M KOH activator. These results show the highest surface 
area and volume, namely 471.645 m2/g and 0.253 cm3/g (Diantoro et al., 2025). In addition, the 
electrochemical characteristics using symmetric coin cell supercapacitors show excellent specific 
capacitance of 146,570 F/g at a current of 0.1 A/g in liquid electrolyte. The electrolyte fluid uses 6 M 
KOH. In addition, in 2016, Yuningsih synthesized coconut shells and corn cobs into activated carbon. This 
is done by physical activation at a temperature of 600 ℃ for 4 hours Next, chemical activation using KOH 
activator with a ratio of water and carbon and KOH is 1:1:4. The results of this study show that the 
electrical conductivity values of activated carbon from coconut shells and corn cobs are 0.95-0.23 S/cm 
and 0.85-0.30 S/cm. The activated carbon produced is semiconducting, as the concentration of the 
activator increases the electrical conductivity value decreases (Yuningsih et al., 2016). 

Based on the description that has been outlined in the previous paragraph, in this study we 
synthesized activated carbon from EOPFB with physical and chemical activation. Chemical activation 
using variations of activator materials KOH, ZnCl2, and CuCl2. This research is expected to have superior 
electrical properties, namely conductivity, capacitance, and dielectric constant. This can be applied to 
battery and supercapacitor technology 
 

2. METODE 
EOPFB obtained from the Prima Jasa Cooperative Palm Oil Processing Factory is cut into small 

pieces, then washed with distilled water until dirt or dust is removed, the next process is drying in the 
sun and in an oven at a temperature of 120 ℃ for 30 minutes. The EOPFB carbonization process was 
carried out at a temperature of 600 ℃ for 1 hour. The results were subjected to a chemical activation 
process using variations of three activators, namely KOH, ZnCl2, and CuCl2. Use of 2 M KOH, where the 
KOH is first dissolved in 1000 mL of distilled water. For ZnCl2 and CuCl2 0.07 M, each was dissolved in 
100 mL of distilled water. Next, each solution was put into a 1000 mL beaker containing 46 grams of 
activated carbon and soaked for 24 hours (Rahmawati et al., 2019). The next process is that each solution 
is filtered and washed using distilled water until the pH is 7. After the activated carbon sediment is 
formed, it is ground with a mortar and filtered using a 100 mesh sieve. Henceforth, each variation of 
activated carbon sample is named KOH Carbon, Zn Carbon, and Cu Carbon. Identification of material 
phases was carried out using X-Ray Diffraction (XRD).  

Electrical property analysis using the 4-point probe method. This method measures the input 
current and output voltage values to determine the resistivity and conductivity of the material. Before 
carrying out the 4-point probe test, first prepare the sample. The initial stage of making a Polyvinyl 
Alcohol (PVA) suspension, where 15 mL of distilled water is added with 1 gram of PVA and stirred using 
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a magnetic stirrer for 30 minutes at a temperature of 90 ℃. PVA suspension is used to form activated 
carbon paste. The ratio of PVA suspension to activated carbon is 1:3. The mixture is then stirred using a 
magnetic stirrer at 40 °C until a paste forms. The paste was deposited on ITO (Indium Tin Oxide) 
conductive glass with a size of 1 cm × 1 cm with a thickness of 1 mm (Rosmalinda et al., 2021). The design 
for measuring electric current and voltage using the 4-point probe method can be shown in Figure 1. 

  
Figure 1. 4-point probe measurement design. 

 
Electrical resistivity and electrical conductivity are calculated using equations 1 and 2 (Hajagos 

et al., 2025). 

𝜌 = 𝑅
𝐴

𝑙
       (1) 

 

𝜎 =
1

𝜌
       (2) 

 
Where ρ is resistivity (Ωm), R is resistance (Ω), A is cross-sectional area (m2), l is the distance 

between probes (m), and σ is conductivity (S/m). 
Capacitor capacitance testing is conducted using the two-parallel-plate method. The setup 

employs two PCB boards as capacitor plates, each measuring 2 cm × 2 cm with a separation distance of 
of 0.5 cm. The design of the measurement setup is shown in Figure 2.  

 

 
Figure 2. Design of measurement method of two parallel plates. 

 
The capacitance and dielectric constant values can be calculated using equations 3 and 4 

(Parnasari et al., 2022). 
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𝐶1 =
𝐶2

(
𝑉𝑖𝑛
𝑉𝑜𝑢𝑡

−1)
      (3) 

 

𝑘 =
𝐶.𝑑

𝜀0.𝐴
      (4) 

 
C1 is the capacitance of the parallel plate capacitor (F), C2 is the capacitance of the comparison 

capacitor (F), d is the distance between the capacitor plates (m), k is the dielectric constant, A is the plate 
area (m2), Ɛ0 is the permittivity of the vacuum (F/m), Vin is the input voltage (V), and Vout is the output 
voltage (V). 
                                                

3. HASIL DAN PEMBAHASAN 
Activated carbon from EOPFB produced using physical and chemical activation methods can be 

seen in Figure 3 

 
Figure 3. (a) EOPFB and (b) Activated carbon from EOPFB. 

 
Based on Figure 3, it can be seen from the physical form that the activated carbon from EOPFB 

has a thick black color that is odorless and in powder form. These results are also found in other organic 
materials (Maslahat et al., 2022). 

Activated carbon that has been chemically activated with KOH, ZnCl2, and CuCl2 was subjected to 
X-Ray Diffraction (XRD) testing in powder form. The results of the XRD test can be seen in Figure 4 which 
provides information on the intensity peaks at an angle of 2θ. 

 

 
FIgure 4. Diffraction patterns of activated carbon with variations in chemical activation materials. 

(a) (b) 
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Based on Figure 4, the diffraction patterns of the Cu Carbon and Zn Carbon samples in the graph 

show amorphous characteristics with a background pattern without sharp peaks in the 2θ angle range 
between 10°-70°. These results correspond to COD 7132144 for Carbon Co and COD 1554684 for Carbon 
Zn. This shows that both samples have a low level of crystallinity or are even non-crystalline. The use of 
CuCl2 as an activated carbon activator was also carried out by Yao, where the diffraction pattern was 
observed to monitor changes in the crystal structure (Yao et al., 2023). These results show two 
diffraction peaks at 2θ of 24° and 43° with the (002) and (100) planes of graphitic carbon. However, the 
weak diffraction intensity indicates low crystallinity, thus creating a background pattern . Next, Varela 
used ZnCl2 as an activator for biochar from corn cobs which showed a largely amorphous diffraction 
pattern. In addition, the crystalline phase of the Zn2+ compound was not found, indicating that the acid 
treatment removed the remaining activator and inorganic oxides (Varela et al., 2024). 

In contrast, the diffraction pattern of KOH activated carbon shows several clear sharp peaks, 
especially at 2θ angles of 43.96° and 64.32°. The peaks identify CsInMnSe corresponding to COD 
7151240, but in general the diffraction pattern is background or amorphous. The same thing was 
reported by Hardi that the crystallite structure of EOPFB activated carbon showed an amorphous 
structure with two broad peaks at 2θ angles of 26.20° and 43.08° with the (002) and (100) planes . The 
presence of these two broad peaks is in accordance with the data from the Joint Committee on Powder 
Diffraction Standards (JCPDS) No. 75-1621 which is a characteristic of activated carbon (Hardi et al., 
2020). 

The results of resistivity and conductivity measurements using the 4-point probe method can be 
seen in Table 1. 

 
Tabel 1. Average values of resistivity and conductivity of activated carbon. 

Sample Voltage(V) Current (A) Resistivity (Ωm) Conductivity (S/m) 

KOH Carbon 1,40× 10-1 0,01 × 10-5 6,94 × 101 4,10 × 10-1 

Zn Carbon 8,20 × 10-2 1,43 × 10-5 8,68 × 10-9 1,15 × 108 

Cu Carbon 1,50 × 10-1 1,37 × 10-5 5,40 × 100 1,90 × 10-1 

 
Based on Table 1, it can be seen that the current has a great influence on the value of voltage, 

resistivity and conductivity. In the KOH Carbon sample, the resistivity value is 6.94 × 101 Ωm and the 
conductivity value is 4.1 × 10-1 S/m. Previous research has reported that rice husk-based activated 

carbon can be effectively synthesized via chemical activation using KOH, which enhances porosity 

and electrochemical performance due to the development of well-defined pore structures (Barakat et 

al., 2023). Based on conductivity measurements using the four-point probe method, the electrical 

conductivity of rice husk activated carbon typically falls within a range influenced by microstructure 

and particle connectivity (Nandi et al., 2023). 
The Carbon Zn sample has the lowest resistivity value, namely 8.68 × 10-9 Ωm and the highest 

conductivity value of 1.15 × 108 S/m, this shows that Carbon Zn is the best electrical conductor of the 
other samples. This behavior is consistent with previous studies showing that materials with well-
developed conductive networks, particularly carbon- or graphene-based systems, exhibit very high 
electrical conductivity and correspondingly low resistivity due to efficient charge transport mechanisms 
(Tarhini & Tehrani-Bagha, 2023).  

The Cu Carbon sample has the highest resistivity value, namely 5.40 × 100 Ωm and the lowest 
conductivity value, namely 1.9 × 10-1 S/m. This shows that the conductivity value of graphene is greater 
than that of the Carbon Zn sample. Poor conductive pathways in a material lead to low electrical 
conductivity and correspondingly high resistivity (Zare et al., 2024). This behavior is consistent with 
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previous studies showing that materials with weak or poorly connected conductive networks exhibit 
high resistivity and low electrical conductivity due to inefficient charge transport (Liu et al., 2022). The 
capacitance of activated carbon with variations in chemical activation materials is presented in Figure 5. 
This figure shows a graph between capacitance and voltage. 

 
Figure 5. Capacitance graph against electric voltage, (a) KOH carbon, (b) Zn carbon, and (c) Cu carbon. 
 

Based on Figure 5.a, it can be seen that the capacitance of KOH Carbon shows a positive linear 
increase along with the increase in voltage. The highest capacitance value of Carbon KOH is 0.01 × 10-3 
F/g. The research used KOH as an activator on activated carbon from rice husk with a concentration of 
30%, the test results on supercapacitor cells with Cu Foil substrate and 2 M KOH electrolyte obtained a 
specific capacitance value of 8.56 F/g using a scan rate of 25 mV/s (Huda et al., 2022). 

Based on Figure 5.b, the highest capacitance value for Carbon Zn is 4.44 × 10-3 F/g. In Ma's 
research on activated carbon from tobacco stems activated using ZnCl2 precursor with a ratio of 2:1, it 
showed a capacitance of 342 F/g. This shows that tobacco stem core carbon is promising as an electrode 
material (Ma et al., 2021). The comparison of the capacitance value of Carbon Zn is still far from the 
results of Ma's research. Furthermore, Figure 5.c Cu carbon shows a unique and different pattern 
compared to KOH or Zn carbon. At the beginning of the range between 17.01 V to 17.03 V, the capacitance 
drops from 5.3 × 10-3 F/g to 4.7 × 10-3 F/g. Subsequently, there is a sharp decrease to 3.3 × 10-3 F/g at a 
voltage of 17.05 V. The capacitance value of activated carbon determines the dielectric constant. The 
average dielectric constant values for various chemical activation materials are shown in Table 2. 

(a) (b) 

(c) 
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Table 2. Average value of dielectric constant of activated carbon. 

Sample Vin (V) Vout (V) Capacitance (F/g) Dielectric Constant 

KOH Carbon 17,31 0,38 0,01 × 10-3 1,5 × 1010 

Zn Carbon 17,19 16,94 3,80 × 10-3 5,3 × 1010 

Cu Carbon 17,25 17,04 4,44 × 10-3 5,6 × 1010 

 
Based on Table 2, it shows that Zn Carbon and Cu Carbon have much higher capacitance and 

dielectric constant values than KOH Carbon. Carbon Zn and Cu can be used as dielectric materials in 
capacitors because they have high dielectric constants and capacitance, so they can store more energy. 
Chemically activated carbon with KOH can be used for applications requiring high electrical conductivity, 
such as electrodes in capacitors (Ghosh et al., 2025). In previous studies, it was stated that KOH carbon 
is superior for electrodes, while metal-modified carbon is more suitable as a dielectric material (Cheng 
et al., 2019). Further research on the CNTs system doped with ZnO@CuO improves the dielectric quality 
and capacitance (Sanni et al., 2025). This material can be used as a supporting electrode material for 
capacitors. 
 

4. CONCLUSION 
Biomass from EOPFB can be used as a base material for activated carbon. The diffraction patterns 

of Zn Carbon and Cu Carbon show an amorphous phase with a background pattern. Furthermore, KOH 
carbon shows sharp peaks at 2θ angles of 43.96° and 64.32° which indicates the presence of a crystalline 
structure compared to the two previous activators, although the dominant one remains amorphous. The 
highest conductivity of activated carbon is in the Zn Carbon sample, namely 1.15 × 108 S/m compared 
to Cu and Zn carbon. Furthermore, the highest dielectric constant value of activated carbon is found in 
the Cu Carbon sample, namely 5.6 × 1010 compared to Zn carbon and KOH. 
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