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Abstract 
The conversion of coconut shell charcoal into high-surface-area activated carbon (AC) is a significant 
thermochemical process that enhances its adsorptive properties. The high carbon content of coconut 
shells makes them an ideal precursor for activated carbon production, which is widely used in 
environmental applications, including water purification, air filtration, and energy storage. This paper 
explores the thermochemical pathways involved in the conversion of coconut shell charcoal to 
activated carbon, focusing on both physical and chemical activation methods. The paper also 
investigates the role of different activation agents and conditions in determining the surface area, 
porosity, and overall quality of the activated carbon produced. Additionally, this work aims to provide 
an in-depth analysis of how parameters like temperature, time, and activation agent concentration 
influence the properties of the final product. 
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Introduction 
Activated carbon is a highly porous material with a vast surface area, which makes it 
exceptionally effective in adsorbing a wide range of substances. Its primary uses include 
water purification, air filtration, energy storage, and catalysis. Coconut shells, a by-product 
of the coconut industry, are an abundant and low-cost source for producing activated carbon. 
These shells are rich in carbon and lignocellulosic material, making them an excellent 
precursor for the production of activated carbon. 
The process of converting coconut shell charcoal into high-surface-area activated carbon 
involves a thermochemical method known as physical activation. This method consists of 
two major stages: carbonization and activation. Carbonization is the initial stage, where 
coconut shells are heated in an inert atmosphere to remove volatile substances, leaving 
behind a carbon-rich material known as charcoal. The second stage is activation, where the 
charcoal is exposed to oxidizing gases, such as steam or carbon dioxide, at high 
temperatures. This activation process enhances the pore structure of the charcoal, increasing 
its surface area and creating the large number of micropores and mesopores essential for its 
adsorptive properties. 
Physical activation, particularly using steam or carbon dioxide, is a well-established and 
efficient method for producing activated carbon. The choice of activating gas, temperature, 
and other activation parameters such as time and gas flow rate can significantly influence the 
surface area, pore size distribution, and adsorption capacity of the final product. This paper 
explores the detailed process of physical activation, including the chemical reactions 
involved, the factors that affect the activation process, and the resulting properties of the 
activated carbon. 
Coconut shell-derived activated carbon is widely used in environmental applications such as 
water treatment, air purification, and gas adsorption, making its production process essential 
to meet the growing demand for sustainable and efficient adsorbents. The thermochemical 
pathways and the activation conditions that influence the development of high-surface-area 
activated carbon from coconut shells are of great interest for optimizing industrial-scale 
production. 
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2. Thermochemical Activation Methods 
The process of converting coconut shell charcoal into high-
surface-area activated carbon is achieved primarily through 

physical or chemical activation, or a combination of both. 
These methods are selected based on the desired properties 
of the final product and the intended application. 

 

 
 

2.1 Physical Activation 
Physical activation is a two-step process that first involves 
carbonizing the coconut shells and then activating the 
resulting charcoal in the presence of oxidizing gases, 
typically steam or carbon dioxide. The carbonization 
process takes place in an inert atmosphere at temperatures 
between 400 °C and 600 °C. During carbonization, volatile 
materials are removed, and the carbon content is 
concentrated. 
The second step is activation, where the carbonized charcoal 
is exposed to steam or CO₂ at temperatures between 700°C 
and 1000 °C. Steam activation facilitates the creation of 
micropores, whereas CO₂ activation tends to develop both 
micropores and mesopores. The reaction between the carbon 
and the gas leads to the formation of carbon monoxide (CO) 
and carbon dioxide (CO₂), which etch the surface and create 
porosity. The choice of gas and temperature can 
significantly affect the surface area and the pore size 
distribution of the activated carbon. Studies indicate that 
CO₂ activation tends to produce activated carbons with 
higher surface areas compared to steam activation, with 
surface areas often exceeding 2000 m²/g (Yang et al., 2010) 

[1]. 
 
2.2 Chemical Activation 
Chemical activation involves the impregnation of coconut 
shell charcoal with a chemical agent, followed by heating to 
temperatures ranging from 400 °C to 700 °C in an inert 
atmosphere. Common chemical agents used for activation 
include potassium hydroxide (KOH), phosphoric acid 
(H₃PO₄), and zinc chloride (ZnCl₂). The chemical agents 
assist in breaking down the lignocellulosic structure of the 
coconut shells, leading to the formation of a highly porous 
structure. 
• KOH Activation: Potassium hydroxide is a strong base 

that promotes the formation of micropores during 
activation. Activated carbon produced with KOH 
typically has a high surface area and a large number of 
micropores, making it suitable for applications such as 
water purification and gas adsorption (Nisa et al., 2023) 

[3]. 
• H₃PO₄ Activation: Phosphoric acid is often used 

because it can achieve activation at lower temperatures 
compared to KOH. This method results in a product 
with both micropores and mesopores. Phosphoric acid 
also has the advantage of being environmentally safer 
than some other chemical activators (Wang et al., 2020) 

[2]. 

• ZnCl₂ Activation: Zinc chloride activation is known 
for its ability to create both mesopores and macropores. 
The resulting activated carbon is often used in 
applications requiring larger pore sizes, such as in 
energy storage devices (Yang et al., 2010) [1]. 

 
Chemical activation generally requires lower temperatures 
than physical activation, but the process can be more 
expensive due to the cost of chemical agents. 
 
3. Factors Influencing Activation 
Several factors significantly influence the activation process 
and the properties of the resulting activated carbon. These 
factors include activation temperature, time, the ratio of 
chemical agent to precursor, and the type of activation agent 
used. 
 
3.1 Activation Temperature 
Activation temperature plays a crucial role in determining 
the porosity and surface area of activated carbon. Higher 
temperatures generally promote the development of a larger 
pore volume and greater surface area. However, excessively 
high temperatures may cause the pores to collapse, reducing 
the surface area. Optimal temperatures vary depending on 
the activation method and the precursor material, with steam 
and CO₂ activation typically taking place between 700 °C 
and 1000 °C. 
 
3.2 Activation Time 
The duration of the activation process also impacts the 
properties of the activated carbon. Longer activation times 
tend to produce activated carbon with higher surface areas, 
but this also results in lower yields due to the continuous 
loss of material during activation. Therefore, the optimal 
activation time must be balanced to achieve high surface 
area while maintaining a reasonable yield. 
 
3.3 Chemical Agent and Impregnation Ratio 
The choice of chemical agent and the impregnation ratio 
(the amount of chemical agent used relative to the precursor 
material) influence the pore structure and surface area of the 
activated carbon. The impregnation ratio varies depending 
on the type of chemical activation used, and it has been 
shown that higher impregnation ratios generally lead to 
better-developed porosity and higher surface area (Wang et 
al., 2020) [2]. 
 
3.4 Type of Gas Used in Physical Activation 
The use of steam or CO₂ in physical activation affects the 
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development of different pore sizes. Steam tends to favor 
the development of micropores, while CO₂ activation 
promotes the formation of both micropores and mesopores. 
The specific gas used can therefore be chosen based on the 
desired characteristics of the final activated carbon product. 
 
4. Characterization of Activated Carbon 
The characterization of activated carbon is essential to 
understanding its surface properties, pore structure, and 
suitability for specific applications. Several techniques are 
used to analyze activated carbon, including: 
• BET Surface Area Analysis: The Brunauer-Emmett-

Teller (BET) method is commonly used to determine 
the surface area of activated carbon. High surface areas 
are indicative of a large number of adsorption sites, 
which are crucial for applications in water treatment 
and air filtration. 

• Scanning Electron Microscopy (SEM): SEM 
provides detailed images of the surface morphology, 
allowing the identification of pore structure and surface 
features that contribute to adsorption capacity. 

• X-ray Diffraction (XRD): XRD analysis helps to 
determine the crystallinity of the carbon and provides 
insight into the structural properties of the activated 
carbon. 

• Fourier Transform Infrared Spectroscopy (FTIR): 
FTIR analysis identifies the functional groups present 
on the activated carbon surface, which can influence its 
reactivity and adsorption behavior. 

 
5. Applications of High-Surface-Area Activated Carbon 
Activated carbon derived from coconut shell charcoal is 
widely used in various industries due to its high surface area 
and adsorption capacity. Some of the key applications 
include: 
• Water and Air Purification: Activated carbon is 

commonly used to remove pollutants, toxins, and 
contaminants from water and air. Its high surface area 
and porous structure enable it to effectively adsorb 
organic compounds, heavy metals, and gases. 

• Energy Storage: Activated carbon plays a significant 
role in super capacitors and batteries due to its high 
surface area and good electrical conductivity. It is 
particularly used in energy storage devices that require 
fast charge and discharge cycles. 

• Catalysis: Activated carbon serves as a support for 
catalysts in various chemical reactions, including those 
in the petroleum industry and environmental processes 
like waste treatment. 

 
6. Conclusion 
In conclusion, the thermochemical process of converting 
coconut shell charcoal into high-surface-area activated 
carbon, through physical activation, is a crucial method for 
producing an efficient adsorbent material. The two key steps 
in the process—carbonization and activation—work in 
tandem to enhance the carbon structure of the coconut 
shells, transforming them into a highly porous material with 
significant surface area. During the carbonization stage, 
volatile compounds are removed, and the carbon content is 
concentrated, setting the foundation for the subsequent 
activation stage. 
Activation with steam or carbon dioxide at high 

temperatures leads to the creation of a network of pores 
within the charcoal, enhancing its adsorption capacity. 
Steam activation typically favors the development of 
micropores, while CO₂ activation produces both micropores 
and mesopores, resulting in activated carbons with varying 
pore size distributions suitable for different applications. 
The activation conditions—such as temperature, time, and 
the type of activating gas—play a vital role in determining 
the final properties of the activated carbon, including 
surface area, pore volume, and adsorption capacity. These 
factors must be carefully controlled to optimize the 
production of activated carbon for specific uses, such as in 
water purification, energy storage, and gas filtration. 
Ultimately, the process of converting coconut shell charcoal 
into activated carbon through physical activation not only 
produces a highly valuable material but also contributes to 
the sustainable use of agricultural waste. This process 
provides an effective solution for producing a wide variety 
of activated carbon types tailored to specific industrial 
needs. As the demand for more efficient and 
environmentally friendly materials grows, further research 
and optimization of the activation process will be essential 
in meeting global sustainability goals. 
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