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 Activated carbon is an amorphous carbon material predominantly 
composed of free carbon atoms with high adsorption capacity. The 
amorphous structure in activated carbon affects its adsorption 
capacity; the higher the percentage of amorphous carbon, the greater 
the adsorption capacity of the activated carbon. Activated carbon can 
be obtained from rice husk waste, which contains 30-40% C in 
cellulose, hemicellulose, and lignin. Therefore, this study was 
conducted to observe activated carbon's phases, morphology, 
elemental composition, and particle size. Activated carbon was 
synthesized using a physics-chemical activation method, which began 
with washing the rice husk samples, followed by air drying, 
carbonizing into charcoal, and grinding it finely. The rice husk 
charcoal powder was then physically activated at a temperature of 
500℃. The physically activated product was then chemically activated 
using 6M HCl with a charcoal-to-activator ratio of 1:10 (m/V), stirred 
at 250 rpm for 1 hour, and then allowed to settle for 24 hours. It was 
then washed and dried to produce activated carbon powder. XRD test 
results showed diffraction peaks at 2θ = 22.23° without sharp or 
pointed peaks, indicating that the activated carbon has an amorphous 
structure. SEM test results showed the morphology of rice husk-
activated carbon with spherical particle shapes and a particle size 
distribution of 20-70 nm. EDX test results showed that the rice husk 
activated carbon is predominantly composed of C, O, and Si with 
respective percentages of 54.31%, 40.04%, and 2.49%. 

 
Copyright © 2024 Authors. All rights reserved. 

 

 

  

 

Introduction 

One sector that plays a crucial role in Indonesia's economic growth is industry. The industrial 
sector produces various products for human needs and exports. Adequate resources must 
support the sustainability of the sector in Indonesia. One abundant resource in Indonesia is its 
natural resources. Indonesia is an agricultural country where 40% of its population is involved 
in farming. One of the leading agricultural products in Indonesia is rice. This is because rice is 
a crucial commodity as a staple food for Indonesians. Based on data from the Central Statistics 
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Agency (CSA), 2022, rice production in Indonesia amounted to 54.75 million tons of paddy. 
The increase in rice production also impacts the rise in rice husk produced from the rice milling 
process. Rice milling produces 25% husk, 8% bran, 2% pollard, and 65% rice [1]. Based on this, 
about 20% of the GKG (Gabah Kering Giling) production is estimated to result in 
approximately 10.92 million tons of rice husk waste [2]. 

Rice husk is a byproduct of the rice milling process, consisting of a substantial accumulation 
of rice grain husks. Rice husk comprises 10% water, 40% cellulose, 30% lignin, and 20% ash 
[3]. The chemical compounds in rice husk include cellulose (38%), lignin (22%), hemicellulose 
(18%), and inorganic silica (17-20%). Based on its composition, rice husk has the potential for 
development in various industrial applications, such as being used as an adsorbent, filler 
material in rubber production, and as a green inhibitor. In the industrial sector, adsorption 
processes are widely utilized for gas separation, solvent purification, removal of organic 
pollutants from drinking water, and as catalysts [4]. 

Ironically, the utilization of rice husks is still relatively low and suboptimal. Rice husk is 
considered agricultural waste in the form of unused material and remnants of processing. The 
natural decomposition process of rice husk waste is very dense, leading to waste piles that can 
disrupt the surrounding environment and have implications for human health [5]. Rice husk 
is commonly used as a growing medium for plants and decorative material or placed in animal 
pens [6]. The utilization of rice husk by burning or returning it to the soil is about 36-62%, with 
only 7-16% used by the industry [3]. Therefore, there is a need for innovation in processing 
rice husk waste. One solution is to turn it into a raw material to produce activated carbon [6]. 

Activated carbon is a compound that has enhanced adsorption capabilities through activation 
[7]. Activated carbon is often used as an adsorbent in adsorption processes because it exhibits 
superior adsorption capacity than other adsorbents [8] and has a large surface area for each 
gram of activated carbon weight. Essentially, activated carbon can be made from any carbon-
containing material derived from plants, animals, or mineral resources, such as wood, rice 
husks, animal bones, banana peels, corn cobs, etc. The porosity of activated carbon depends 
on the process used and subsequent processes after combustion or carbonization [7]. The 
activation process increases the surface area of carbon because hydrocarbons that block the 
pores are released. Pore size is crucial as pores are adsorbate absorption sites [9]. Pores in 
activated carbon enhance its adsorption capability, as pores act as crevices that expand the 
surface area of the adsorbent. Smaller particle sizes increase the surface contact area, 
accelerating the adsorption process. 

Research has been conducted on producing activated carbon from lignocellulosic materials 
such as corn cob waste using HCl as an activating agent. This resulted in activated carbon 
characterized by XRD, showing two broad peaks between angles of 20-30° and 40-45°, and 
SEM images revealing a honeycomb-like porous structure [10]. Similar studies using agro-
waste and chemical activation with H3PO4 indicated an amorphous phase in the 2θ = 20–30° 
range on XRD analysis [13]. Bakti et al. [23] reported that activated carbon from coconut shells 
using physical-chemical activation methods showed graphite phases at 2θ = 36° and 44° on 
XRD analysis. Islam et al. synthesized activated carbon from jute sticks using H2SO4 and 
H3PO4, with XRD revealing amorphous silica structures at a 2θ peak of 22° and a very small 
peak at 2θ = 44°. Riyanto et al. [2] found that rice husk-derived activated carbon using NaOH 
activation exhibited a mixed amorphous and crystalline silica phase with a broad background 
and sharp peaks at 2θ = 22° and 24°. SEM-EDX analysis of rice husk activated carbon (KASP 
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600) showed a carbon content of 28.17%, while the alkaline-treated rice husk carbon (KASPB 
700) had a 27.01% carbon content. Furthermore, activated carbon from Ori bamboo using HCl 
as the activating agent resulted in carbon content between 74.75% and 84.491% [8]. Based on 
these previous studies, this research will synthesize and characterize activated carbon from 
rice husk lignocellulose using HCl as the activating agent. The addition of this activating agent 
aims to control the activation process better, resulting in high carbon content and smaller 
particle size (nanometer scale). This is because hydrochloric acid (HCl) acts as an activator and 
is hygroscopic, which helps reduce the water content in the produced activated carbon 
[8][12][25]. HCl has better ion adsorption capacity compared to other activators like H2SO4 and 
HNO3, as it can dissolve more impurities, forming more pores and enhancing the adsorption 
process [12] 

Experimental Method 

A sample of 1 kg of rice husk was obtained from the rice barn in Br. Celuk, Buruan, Blahbatuh, 
Gianyar, Bali. 500 grams of rice husk was washed with regular water to remove any dirt 
adhering to it. Subsequently, the rice husk was air-dried for 5 hours [11]. The rice husk was 
then dried in an oven at 105℃ for 1 hour to ensure complete dryness. The dehydration process 
aims to reduce the moisture content in the rice husk. The dried rice husk was carbonized until 
it turned into charcoal. Afterward, the rice husk charcoal was ground into powder using a 
blender and sieved with a 230-mesh sieve. The resulting charcoal powder was washed with 
distilled water and dried in an oven at 105℃ for 1 hour. 

In this research, the activation process is carried out through a physical-chemical method. A 
total of 27 grams of rice husk charcoal powder is heated in a furnace at 500℃ for 1 hour. 
Subsequently, the charcoal is washed and dried in an oven at 105℃ for 1 hour. The sample 
that has undergone physical activation is then further chemically activated. In the chemical 
activation process, the rice husk charcoal powder sample is activated with 6M HCl [11], with 
a charcoal mass to activator volume ratio of 1:10 (m/V) and soaking time of 24 hours [12]. 
This process produces activated charcoal. The activated carbon is filtered using filter paper 
and washed with distilled water until reaching a neutral pH (pH=7). The activated charcoal 
is dried in an oven at 105℃ for 1 hour.  

The activated carbon is further characterized using XRD and SEM-EDX. X-ray Diffraction 
(XRD) is a technique used in material analysis to gather detailed atomic-scale information 
about crystalline and non-crystalline (amorphous) materials. XRD produces a diffraction 
pattern formed by a series of diffraction peaks with varying relative intensities at specific 2θ 
values [22]. Scanning Electron Microscopy (SEM) is a tool that scans an object using a high-
energy electron beam and produces images of the object. Energy Dispersive X-ray 
Spectroscopy (EDX) is a technique used for elemental analysis of a sample. When the electron 
beam in SEM interacts with the sample, it ejects electrons from the inner shells of the atoms 
in the sample. This process generates X-rays with characteristic energies, allowing for the 
identification and quantification of elements in the sample. SEM-EDX characterization is used 
to observe the morphology and elemental composition of the activated carbon.  
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Figure 1. Flowchart Experiment 

 
Result and Discussion 

XRD Analysis 

The characterization test of the sample using X-ray diffraction (XRD) aims to determine the 

phases and crystal or amorphous structures present in the sample. Crystal phases are indicated 

by the presence of sharp peaks, while amorphous phases are characterized by the formation 

of broad peaks or humps with low intensity [10]. XRD characterization in Figure 2 shows the 

X-ray diffraction pattern of rice husk-activated carbon activated with HCl. 

 

 
 

Figure 2. X-Ray Diffraction Pattern of Activated Carbon 

 

The diffraction pattern indicates the presence of carbon with an amorphous structure 

[13][14][15], making it impossible to determine the crystal phase of the formed activated 



 Indonesian Physical Review. 7(2):281-290  

285 
 

carbon [16]. The formation of the amorphous carbon phase can also be observed through the 

irregular spectrum and the broad peak shapes. Carbon with an amorphous compound 

structure has a turbostratic structure originating from layers of graphite with a 

microcrystalline network. According to Hashemian et al. in Perdani et al., [17] the turbostratic 

model assumes that the sample is made up of microcrystalline graphite-like layers, 

constrained by a cross-linking network, consisting of several layers similar to graphite, stacked 

almost parallel and equidistant, with each layer having a random orientation. 

 

The XRD results of the activated carbon in this research reveal broad peaks at 2θ = 22.23°, 

consistent with the graphite structure where diffraction peaks are observed at angles 2θ = 21°-

23° [16]. These findings are supported by several other studies; for instance, Saban et al. [10] 

obtained two broad peaks between angles 20°-30° and 40°-45° for HCl-activated corn cob-

activated carbon. Wazir et al. [15], using pyrolysis, carbonization, and activation methods, 

demonstrated an amorphous carbon structure at 2θ = 22°. A very small peak is also visible at 

2θ = 44°, corresponding to the (100) plane, indicating the formation of turbostratic amorphous 

carbon. Garg et al. [25] reported that the XRD pattern for activated carbon with NaOH and 

KOH treatment shows a diffraction peak at 2θ= 26.28°confirms the graphitic structure of the 

activated carbon. Furthermore, Islam et al. [18], in their research on activated carbon from 

ramie sticks, found XRD results indicating an amorphous silica structure at the peak 2θ = 22°, 

with an additional small peak at 2θ = 44°. 

 

SEM-EDX Analysis 

The structure of rice husk-activated carbon was tested using a scanning electron microscope 

(SEM) on the samples. This study performed SEM-EDX tests at magnifications of 20,000 times, 

50,000 times, and 100,000 times. The SEM test results can be seen in Figure 3. 

   
(a) (b) (c) 

 
Figure 3. Rice Husk Activated Carbon Morphology (a) 20.000 times magnification, (b) 50.000 

times magnification, (c) 100.000 times magnification. 
 

Based on the SEM results in Figure 3, it is evident that the surface of rice husk-activated carbon 

has particles with various round shapes. Similar results were also obtained in the study by 

Riyanto et al., stating that activated carbon has a round-shaped structure [19]. The particle 

size distribution of activated carbon was analyzed using ImageJ and Origin 2023 software. 

Data were obtained by marking the particles visible in the images using ImageJ, representing 
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the diameters of the activated carbon particles. The data were then plotted in Origin software 

and analyzed using Gaussian fit. The results of this analysis produced a histogram of the 

particle size distribution of rice husk-activated carbon, as shown in Figure 4. The analysis 

results indicate that rice husk-activated carbon has a particle size distribution of 20-70 nm 

with an average of 40.48 nm. Similar results were obtained in the study by Nurcahyo & 

Wibawa, where the average diameter of activated carbon was 50 nm [20]. The study by Yu et 

al. reported a size of 70 nm for activated carbon nanoparticles [21]. The survey by Riyanto et 

al. obtained diameter sizes with an average of 31.58 – 35.19 nm [19]. Based on these results, 

rice husk activated carbon can be classified as activated carbon nanoparticles. 

  
 

Figure 4. Morphology and Particle Size Distribution of Activated Carbon 
 

The EDX results of rice husk-activated carbon can be seen in Figure 5. 

 
 

Figure 5. Mapping of the Distribution of Elements in Rice Husk Activated Carbon 
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Table 1. Distribution Percentage of Rice Husk Activated Carbon Elements 

Sample Concentration (%) 

C O Si Fe Mn Ca Cl Mg Ti 

Rice husk-activated 

charcoal 

 

54.31 

 

40.04 

 

2.49 

 

0.03 

 

0.02 

 

0.03 

 

0.03 

 

0.04 

 

0.01 

 

The EDX results in Figures 5 and Table 1 show the dominance of constituent elements in rice 

husk activated carbon in this research, sequentially, as C (54.31%), O (40.04%), and Si (2.49%). 

These results indicate that the carbonization process has proceeded effectively, converting 

almost all organic compounds in rice husk into carbon. Rice husk predominantly consists of 

cellulose, hemicellulose, lignin, and silica, with carbon being the primary constituent. During 

carbonization, organic components such as cellulose and hemicellulose decompose, leaving 

behind a carbon-rich residue. Additionally, the high silica content in rice husk contributes to 

silica in the activated carbon samples. The oxygen detected likely originates from residual 

oxygen-containing functional groups and silica and other inorganic compounds in the rice 

husk [26].  

These findings are supported by previous studies, such as the research by Saban et al., [10] 

which obtained EDS results for corn cob activated carbon activated with HCl: C (13.13%), O 

(1.28%), and Si (0.77%). The research by Riyanto et al, [2] showed that rice husk activated 

carbon (KASP 600) consists of the elements O (46.44%), C (28.17%), P (17.48%), Si (6.81%), and 

Na (1.10%) [2]. Perdani et al., [17] obtained EDX results for cassava peel-activated carbon 

activated with H3PO4, revealing a porous surface with the dominant constituent elements in 

the following order: C (55.20%), O (28.86%), N (8.00%), P (6.22%), and Na (1.72%). Garg et al. 

[25] reported that the EDX result of rice husk-activated carbon with NaOH and KOH treatment 

shows elements C (80%), O (17.71%), Na (0.54%), and Si (1.45%). 

Carbon (C) in activated carbon primarily provides this material's basic structure and unique 

adsorption properties. Oxygen (O) in activated carbon is generally present as oxides or oxygen 

functional groups attached to the carbon structure. Additionally, silicon (Si) in activated 

carbon allows for the silica (SiO2) content in the activated carbon. The silica content in activated 

carbon can reduce the number of pores formed from the activated carbon produced. The silica 

content found in rice husk activated carbon is obtained from carbonization because rice husks 

will produce silica when burned at high temperatures (500-600) °C [12].  

Conclusion 

Activated carbon from rice husk has been successfully synthesized using the physic-chemical 

activation method with HCl. XRD results indicate that rice husk-activated carbon has a 

graphite structure with the highest diffraction peak appearing at 2θ = 22.23°, which is 

amorphous in nature. SEM results show the morphology of activated carbon with spherical 

particle shapes ranging in size from 20 to 70 nm, with an average diameter of 48 nm. EDX 

results indicate the dominance of constituent elements in rice husk-activated carbon in this 

study, with carbon (C) at 54.31%, oxygen (O) at 40.04%, and silicon (Si) at 2.49%. 
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