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Abstract 

Synthesis of activated carbon from ketaping fruit shell biomass 

aims to produce high-quality active carbon to be applied in various 

fields. Activated carbon from ketaping fruit shells is synthesized by 

thermal treatment. It is synthesized through two stages, namely 

carbonation and activation. The carbonation stage is carried out at 

400oC under O2 gas flow. This aims to break down lignol cellulose 

into carbon with low-quality pores through incomplete combustion. 

The activation stage is carried out by mixing activated carbon and 

KOH in varying ratios of 1:1, 1:3 and 1:5 wt. It is carried out by 

multilevel thermal treatment at 700oC for 3.5 hours to form 

activated carbon with high pore quality. The activated carbon 

produced is then subjected to EDS characterization to see the active 

carbon content and XRD to see the structure of the active carbon 

with the characteristics of distance between layers, layer height, 

layer width, and number of layers. The results of EDX analysis 

show that the active carbon from the shell of the ketaping fruit 

contains 97.52% carbon and 2.48% oxygen. The results of XRD 

analysis show that the activated carbon surface area optimum at a 

molar ratio of 1:3 wt is 1,708.62 mg-1. The distance of the resulting 

activated carbon layer is 0.3566nm at the 002 peak and 0.2102nm 

at the 100 peak. The layer height and width of the active carbon 

layer produced at a 1:3 wt ratio were 0.5489nm and 0.3002nm. 

Meanwhile, the number of layers of active carbon produced is 3 

layers. 

INTRODUCTION 

Activated carbon is a promising material 

that has been studied extensively by several 

researchers. The application of activated carbon 

in society has been widely used in various fields 

such as health, beauty, renewable energy and 

water purification (Kumar Mishra et al., 2024). 

Activated carbon is widely used because it has a 

large surface area, cheap sample preparation, 

easy to obtain, has a high pore microstructure 

and has high conductivity (Spencer et al., 2024). 

The production of activated carbon which 

is very easy to prepare is activated carbon which 

comes from biomass (Tetteh et al., 2024). 

Various studies have been carried out on the use 

of activated carbon, such as activated carbon 

from palm oil shells (Perdana et al., 2020), 

activated carbon from empty palm oil bunches 
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(Dwika Hardi et al., 2020), activated carbon 

from tea dregs (Mossfika et al., 2020), activated 

carbon from coffee dregs (Prabawati et al., 

2023). In this research, ketaping fruit shells were 

used to synthesize activated carbon. The choice 

of ketaping fruit shells as a source of activated 

carbon is because it is easy to obtain, abundant 

and contributes to reducing organic waste 

(Dwika Hardi et al., 2020).   

Increasing the maximum performance of 

activated carbon materials is by modifying the 

carbon pore structure. Micropore size is a good 

measure of improving the performance of 

activated carbon materials. Increasing the pore 

structure of activated carbon from biomass can 

be done in 2 ways, namely carbonization and 

activation. The carbonization process aims to 

enrich the carbon content in the percussion 

originating from the thermal treatment of 

lignocellulose and to remove the volatile content 

in the biomass so that low-quality carbon pores 

are formed(Spencer et al., 2024). The next 

process is the carbon activation process which is 

formed in the carbonization process, the 

activation process aims to impregnate the active 

substance into the activated carbon to form 

quality carbon pores. The active substances can 

be KOH (Mistar et al., 2020), NaOH (Mossfika 

et al., 2020), ZnCl2 (Pimentel et al., 2023), 

H3PO4 (Neme et al., 2022), and H2SO4 (Neolaka 

et al., 2021).  

The quality of the activated carbon 

produced depends on the amount of carbon and 

structure produced. The amount of carbon 

contained in activated carbon can be determined 

using EDS(Perdana et al., 2020). The structure 

of activated carbon was analyzed using X-ray 

diffraction (XRD) characterization. In the first 

approach, the shape of the XRD diffraction 

pattern provides an idea of the order or level of 

disorder of the active carbon structure. Although 

the XRD diagram of activated carbon presents 

the characteristics of amorphous materials, the 

characteristics of activated carbon include the 

distance between layers, layer height, layer 

width, number of layers and surface area that can 

be calculated using XRD data (Basheer et al., 

2023).  

  In this study, the author investigated the 

synthesis of activated carbon from ketaping fruit 

shell bomb mass which was activated with KOH 

at a ratio of 1:1, 1:3, and 1:5 wt at an activation 

temperature of 8000C. The resulting activated 

carbon is then analyzed using XRD carterization 

to determine the distance between layers, layer 

height, layer width and number of layers. 

METHOD 

Sample preparation was carried out by 

cutting the ketaping fruit shells into small pieces 

and cleaning them. The clean ketaping fruit 

shells are dried and then placed in the oven at 

110 OC. Dried ketaping fruit shells are 

carbonized at 400OC for 4 hours. The carbon 

formed was crushed and sieved with a 400 mesh 

sieve. The sieved carbon is activated using KOH 

by soaking the carbon in KOH for 12 hours at a 

molar ratio of 1:1, 1:3, 1:5 %wt. After the carbon 

soaking process has been filtered and dried in an 

oven, it is then activated at an initial temperature 

of 800OC with the principle of gradual heating 

for 3.5 hours. The activation process is carried 

out under N gas flow2 with a flow rate of 5 
0C/min. The activated carbon is washed with HCl 

to pH 7 to remove organic impurities (Perdana et 

al., 2020).  
The resulting activated carbon was then 

characterized using EDS and XRD with sources 

CuKα at a wavelength of 0.154 nm for determine 

the crystallite structure of activated carbon. The 

carbon XRD results analyzed the distance 

between layers (d), layer height (Lc), layer width 

(La) and number of layers (Np) using equations 

1, 2 and 3. 

The distance between layers of activated 

carbon is calculated using the Bragg equation, 

while the height, width and number of layers are 

calculated using the Dybe-Scherrer equation 

𝑑 =  
𝜆

2 sin 𝜃
 

where d is the distance between layers, is the 

wavelength and is the angle of scattering of X-

rays 

𝐿𝑐 =  
0,9 𝜆

𝛽 cos 𝜃002
 

𝐿𝑎 =  
1,94 𝜆

𝛽 cos 𝜃100
 

where Lc is the expansion of diffraction lines 

that can be calculated with ½ FWHM data, is the 

wavelength, 002 is the angle of scattering of X-

rays at peak 002 and 100 X-ray scattering angle 

at the peak of 100 (Basheer et al., 2023). 
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The surface area of activated carbon is 

calculated based on the results of 

microcrystalline analysis which is calculated 

based on the equation 

𝑆𝑆𝐴𝑋𝑅𝐷 =
2

𝜌𝑥𝑟𝑑  . 𝐿𝑐
 

where 𝜌𝑥𝑟𝑑 is X-ray density given by the formula 

𝜌𝑥𝑟𝑑 = (𝑑002(𝑔𝑟𝑎𝑓𝑖𝑡)/𝑑002) 𝜌(𝑔𝑟𝑎𝑓𝑖𝑡). 

𝑑002(𝑔𝑟𝑎𝑓𝑖𝑡) =   0.33354 nm and 𝜌(𝑔𝑟𝑎𝑓𝑖𝑡) =

 2.268 gcm−3 

RESULT AND DISCUSSION 

Synthesis of activated carbon is carried out in 2 

stages, namely the carbonization stage and the 

activation stage. The results of carbonization can 

be seen in Figure 1 (a) and activation can be seen 

in Figure 1 (b). Figure 1(a) shows that the 

activated carbon particles still follow the shape 

of the ketaping fruit shell sample. This ketaping 

fruit shell biomass sample which contains 

lignocellulose, through the carbonization 

process has removed the volatile substances in 

the sample. Copy that, at this stage carbon has 

been formed through incomplete combustion 

using O2 gas. The mechanism for carbon 

formation at this stage begins with the 

combustion of the precursor into small particles 

which occurs at a temperature of 150-400oC (4). 

Combustion of the precursor includes the 

breakdown of hemicellulose groups into carbon 

fan breakdown of cellulose groups into carbon. 

This was then followed by breaking down the 

lignin groups contained in the lignocellulose 

samples. The carbonized samples were then 

crushed using a 400 mesh sieve. The purpose of 

this sieving is to obtain a large surface area and 

high pore quality during the activation process. 

The particle size of this 400 mesh sieve is 38 

micrometers (Pimentel et al., 2023).

        
 (a)                    (b) 

Figure 1. Activated carbon in the carbonization and activation process 

 

The second stage is the activation stage 

using KOH. The KOH activation stage aims to 

obtain high-quality carbon pores to maximize its 

application in various fields. The reaction 

mechanism of active carbon with KOH to 

remove K2O, H2 and K2CrO3. The K formed will 

be impregnated into the active carbon structure 

so that it will help the process of forming carbon 

pores (Mistar et al., 2020). The activated carbon 

produced is then subjected to EDS 

characterization to see the active carbon content 

and XRD to see the structure of the active carbon 

with the characteristics of distance between 

layers, layer height, layer width and number of 

layers.  

 Analysis of the amount of carbon 

produced in the synthesis of active carbon from 

the shell of the ketaping fruit can be seen in 

Figure 2. 

The results of the EDX analysis shown in Figure 

2 state that the percentage composition of the 

chemical elements contained in the active carbon 

from the shell of the ketaping fruit is carbon and 

oxygen (Dwika Hardi et al., 2020). From these 

results it can be seen that active carbon is the 

most abundant element in the active carbon 

sample from ketaping fruit shells, namely around 

97.52%. This shows that the carbonization 

process of activated carbon is at a temperature of 

400oC obtained optimum conditions in breaking 

down the lignocellulose contained in the 

ketaping fruit shell samples. According to Taer 

et al. (2020) stated that the composition 

contained in activated carbon from biomass after 

activation is only the remaining carbon elements 

and a small percentage of oxygen remaining 

from incomplete combustion.
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Figure 2. Analysis the amount of carbon produced 

 

 

 

Figure 3. XRD analysis results 

 

XRD analysis aims to see the structure of 

active carbon. Based on the results presented in 

Figure 3, it is clear that the active carbon 

structure is amorphous with 2 broad peaks. The 

structure of amorphous activated carbon is 

supported by research as reported by (Perdana et 

al., 2020). Apart from this, it is also based on the 

Joint Committee on Powder Diffraction 

Standards (JCPDS No. 75-1621).  Based on the 

XRD analysis in Figure 2, the 1:3%wt ratio 

shows a diffraction pattern that is closer to the 

JCPDS pattern compared to the 1:1%wt and 

1:5%wt ratios. The appearance of 2 broad peaks 

in the activated carbon sample from the shell of 

the ketaping fruit shells indicates that the XRD 

measurements aim to calculate the 

characteristics of the distance between layers, 

layer height, layer width and the number of 

active carbon layers. Peak 002 XRD data is used 

to calculate layer height and peak 100 XRD data 

is used to calculate layer width(Basheer et al., 

2023). 

The distance between microcrystallite 

layers is determined by the Bragg equation. The 

distance between the microcrystallite layers with 

a ratio of 1:3 %wt on the 002 plane is 0.3566 nm 

and in the 100 plane, it is 0.2102 as seen in Table 

1.  
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Table 1. Characteristics of activated carbon 
Ratio 

(%wt) 

2θ002 

(nm) 

2θ100 

(nm) 

d002 

(nm) 

d100 

(nm) 

Lc 

(nm) 

La 

(nm) 

Lc/La 

(nm) 

Np 

(nm) 

SSA 

(m g-1) 

1:1 29,2841 47,3281 0,3047 0,1919 24,4613 8,9538 2,7319 80,272 32,75376 

1:3 24,9421 42,9861 0,3567 0,2102 0,5489 1,8285 0,3002 1,5388 1708,62 

1:5 23,0441 57,3121 0,3856 0,1606 1,7363 1,9388 0,8956 4,5025 583,985 

Table 1 also shows that the height of the 

microcrystalite layer Lc) of 1:3 %wt from the 

synthesis of ketaping fruit shells activated 

carbon is 0,5489 nm and the layer width (La) is 

1,8285 nm. The Lc value is related to the surface 

area of the active carbon, where the greater the 

Lc value, the greater the surface area of the 

active carbon. The surface area of activated 

carbon with a ratio of 1;3 is greater than 1:1 and 

1;5, namely 583,985 m g-1-. The number of layers 

(NP) of activated carbon microcrystallites was 

found to be 3 layers which contribute to the 

adsorption of ions or molecules according to 

their use. 

CONCLUSION 

Based on the research that has been carried out, 

it can be concluded that activated carbon from 

ketaping fruit shell biomass is synthesized 

through two stages, namely carbonation and 

activation. The carbonization stage was carried 

out at a temperature of 400oC and the activation 

stage was carried out with multilevel thermal 

treatment at a temperature of 700oC. Activated 

carbon from ketaping fruit shells only contains 

97.52% carbon and 2.48% oxygen based on 

EDX results. The microcrystallite structure with 

a ratio of 1:3 %wt is more optimal in activating 

activated carbon compared to 1:1%wt and 1:5 

%wt. The distance of the resulting activated 

carbon layer is 0.3566 nm at peak 002 and 

0.2102 nm at peak 100. The layer height and 

width of the resulting active carbon layer are 

0,5489 nm and 1,8285 nm. Meanwhile, the 

number of layers of active carbon produced is 3 

layers based on the results of XRD analysis. The 

surface area of activated carbon based on 

microcrystallite analysis with a ratio of 1;3 is 

1708.62 m g-1. 
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