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ABSTRACT 

Developing a Reduced Graphene Oxide (rGO) synthesis method based on rice husk as a composite 

electrode material with Silica (SiO2) has garnered particular attention for designing high-quality 

electrode materials. This research successfully synthesized rGO/SiO2 material from rice husk-

derived activated carbon through a one-step thermal reduction process at 200 °C. This method offers 

a simple, efficient, cost-effective, and environmentally friendly synthesis approach. The resulting 

samples' morphology, surface composition, crystal structure, surface area, and pore diameter size 

were characterized using FE-SEM, EDX, XRD, and SAA-BET. EDX characterization results 

confirmed the predominance of carbon content in the samples. At the same time, the natural 

emergence of SiO2 without external addition due to thermal reduction at 200 °C was an intriguing 

initial finding. The spherical crystal structure of silica between the wrinkled rGO layers was 

confirmed through FE-SEM and XRD analysis. The synergistic effect between SiO2 and rGO 

significantly increased the sample's surface area, with a value of 34.17 m2/g for the rGO sample 

before thermal reduction, which increased to 121.24 m2/g after the thermal reduction process at 200 

°C. This process also positively impacted the reduction in pore size of rGO/SiO2, with a value 

decreasing from 9.33 nm before thermal reduction to 4.89 nm after the thermal reduction process. 

The results of this study demonstrate that rGO/SiO2 synthesized from rice husk-derived activated 

carbon holds great potential as a high-performance electrode material, combining the advantages of 

thermal reduction, natural Si content, and increased surface area for diverse applications. 
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INTRODUCTION 

The naturally occurring two-dimensional (2D) material known as graphene possesses carbon 

atoms that are sp2-hybridized, forming a honeycomb crystal lattice [1]. Graphene exhibits 

remarkable properties, such as high electrical conductivity and mobility, a large specific 

surface area, and excellent thermal conductivity, making it an unparalleled candidate for 

various innovative applications [2–4]. Furthermore, numerous studies have demonstrated the 
potential of graphene and graphene-like materials in practical applications like sensors, 

batteries, and supercapacitors [4–8]. However, despite the increasing demand from various 
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industries, the availability of graphene remains limited, and large-scale production of high-

quality graphene remains a significant challenge [9–11]. Various synthesis methods are 

continuously being developed, and recently, chemical synthesis methods have made it possible 

to produce graphene in large quantities with customizable properties designed to meet specific 

application needs. The most commonly used chemical method involves the reduction of 

graphene oxide [12–14]. 

Reduced Graphene Oxide (rGO) is essential in developing energy storage technologies. A 

standard method for producing rGO involves the conversion of graphite into graphene oxide 

(GO), followed by the exfoliation of layers to achieve GO. A reducing agent decreases the 

number of oxide bonds in GO [15]. However, this method has several limitations, including 

hazardous chemicals, a complex synthesis route, and the need for high temperatures for an 

extended period, making it an expensive process. Therefore, there is an urgent need to develop 

a more straightforward, environmentally friendly, cost-effective, and sustainable method for 

commercial-scale graphene production. Recent research indicates that biomass such as peanut 

shells, palm oil waste, wood sawdust, rice husks, and coconut shells can serve as potential 

resources for producing graphene-like materials economically [16–19]. Biomass, an abundant, 

economical, and underutilized source of green waste rich in carbon, can easily be harnessed to 

create derivative graphene materials [20]. However, graphene derived from activated carbon 

from biomass often exhibits lower electrical conductivity than pure graphite or graphene [21]. It 

is attributed to impurities and defects within the resulting rGO structure. Various methods were 

proposed to address this weakness. One of the methods involves compositing rGO with SiO2 

to enhance its electrical conductivity, particularly in energy storage applications. Nonetheless, 

mixing and synthesizing rGO/SiO2 composites can become more intricate and necessitate 

specialized technologies, adding complexity to production and associated costs. 

The synthesis of rGO using rice husk as a raw material allows for the fabrication of rGO/SiO2 

composites with precise temperature control. SiO2 can naturally be found in rice husk 

components and other organic materials [22,23]. However, a heating processing step is often 

required to obtain purer or higher SiO2 concentrations. The synthesis of rGO/SiO2 based on 

rice husk was conducted with variations in heating at temperatures of  0, 100, 200, and 300 C. 

The resulting samples' morphology, composition, crystal structure, surface area, and pore 

diameter were analyzed using FE-SEM, EDX, XRD, and SAA-BET techniques. This method 

offers a simple, efficient, cost-effective, and environmentally friendly synthesis approach. 

EXPERIMENTAL PROCEDURE 

Preparation of rGO 

The rice husks (purchased from a local market in Indonesia) were cleaned with water and oven-

dried at 110 °C for 3 hours using this technique. The dried rice husks were then carbonized for 

an hour in an electric furnace (300 °C) to make charcoal. The charcoal was then activated for 

24 hours by potassium hydroxide or caustic potash (KOH, 5 Mol), with a charcoal to KOH 

ratio of 1:4. After that, the activated charcoal was filtered with hydrochloric acid (HCl, 0.1 

Mol) and distilled water until the pH was neutrally flowed, followed by 6 hours of oven drying 

at 100 °C. Finally, rGO was produced by milling 10 g of the resulting activated charcoal for 50 

minutes [24-27]. 

Preparation of Reduced Graphene Oxide/SiO2 

rGO/SiO2 material is synthesized in a one-step process through thermal reduction. Initially, 

rGO is formed and then subjected to thermal reduction at 200°C for 30 minutes using a muffle 
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furnace. The obtained rGO samples were labelled rGO-200. Additional rGO samples were 

prepared under different reduction conditions: rGO-0 (no thermal reduction), rGO-100 

(reduced at 100 °C), and rGO-300 (reduced at 300 °C) to facilitate comparison. This method 

offers a simple, efficient, cost-effective, and environmentally friendly synthesis approach, as 

illustrated in Figure 1, which shows the preparation steps. 

 

Figure 1. Illustration of rGO/SiO2 sample preparation steps 

Characterizations of Reduced Graphene Oxide/SiO2 

The as-synthesized rGO and rGO/SiO2 were characterized using different techniques. The 

surface morphology, microstructure, and constituent elements of the prepared rGOs were 

examined using the field-emission scanning electron microscope (FE-SEM, JEOL) attached 

with an energy-dispersive X-ray spectrometer (EDX). The crystal structures and phases of the 

rGOs were examined using a Rigaku-SmartLab (3 kW) X-ray diffractometer equipped with the 

Cu-Kα line of wavelength (λ) ≈ 0.1541874 nm. The Surface Area Analyzer (SAA 

Quantachrome Instrument Version 11.03) was used to determine the specific surface area and 

pores size distribution of rGO, wherein Brunauer, Emmett, and Teller (BET) and Barret Joyner 

Hallenda (BJH) models were utilized. 

RESULTS AND DISCUSSION 

Diffraction Pattern of Reduced Graphene Oxide 

Based on the diffractogram analysis, the produced rGO exhibits two distinguishable phases: 

amorphous and crystalline. The qualitative differences between these two phases are 

observable through the characteristic shape of the diffraction peaks in the X-ray diffraction 

(XRD) pattern. Crystalline phases are typically characterized by sharp diffraction peaks, which 

are localized at specific positions in the spectrum. These well-defined peaks unequivocally 

indicate atoms or molecules ordered and organized arrangement within a crystal lattice 

structure. On the other hand, the amorphous phase is characterized by broad diffraction peaks, 

implying structural irregularity within the material. The XRD pattern in Figure 2 reveals the 

distinctive features of the formed sample, with sharp peaks identifying the crystalline phase 

and broad peaks depicting the characteristics of the amorphous phase. 

The rGO-0 samples exhibit an amorphous diffraction pattern with weak diffraction peaks 

observed at positions of 2θ around 25° and 35.7° before undergoing thermal reduction. It 

consistently can be attributed to the graphite oxide (GO) structure [28]. Following the reduction 

process at 100 °C (rGO-100), the sample slightly shifts in diffraction peaks towards lower 

angles. This shift indicates a change in the crystal structure or a reduction in defects within the 
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structure, resulting from decreased oxygen groups bound to the carbon layers. In the rGO-100 

sample, amorphous diffraction patterns remained visible, with weak peaks observed at 2θ 

angles of approximately 24.23° and 35.5°. These findings are consistent with FESEM 

characterization, which also indicates irregularities in the structure and surface morphology of 

the sample. Thus, the results of XRD and FESEM characterizations confirm the presence of 

amorphous elements in the structure and morphology of the sample, providing concrete 

evidence of the existing disorderly nature. 

 

Figure 2. XRD patterns of as-synthesized samples. 

A significant difference is observed between the rGO-200 and rGO-300 samples, which are 

reflected in their crystal structures and are characterized by several sharp diffraction peaks. 

The crystal structure formation indicates a restructuring process at the atomic and molecular 

levels, resulting in changes in the structure and composition of these samples. In the rGO-

200 sample, sharp diffraction peaks were observed at 26.22, indicating the presence of a 

carbon phase. This pattern is similar to the reference in the COD (Crystallography Open 

Database) file number 96-901-2707. Additionally, a crystalline silica phase naturally 

emerged and increased during the thermal reduction process at 200 °C. The identification of 

this silica phase has been confirmed and matches with the available reference pattern (COD 

File, 00-027-1402). Silica is one of the components in the rGO sample originating from rice 

husks [22,29]. When the temperature is raised to 200°C, more intense heating can lead to the 

decomposition or transformation of the SiO2 contained in rGO. At this temperature, silica 

may undergo oxidation or structural changes due to the influence of higher heat. This process 

can result in the degradation or oxidation of the silica in rice husks, which is subsequently 

detected in the rGO sample. Furthermore, zinc (Zn) content in the rGO sample may be 

attributed to environmental contamination during production. 
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Morphology of Reduced Graphene Oxide/SiO2 

Figure 3. illustrates the surface morphology of rGO samples derived from activated rice husk 

charcoal, processed through reduction at a 15.000-fold image magnification. Observations 

reveal that most samples exhibit an amorphous morphology characterized by the absence of 

regular layering. This phenomenon can be attributed to the influence of the milling stage 

before thermal reduction. The amorphous morphology is most pronounced in the rGO-0 

sample, which underwent no reduction process. Meanwhile, in samples heated to 100 °C, 

there is a discernible albeit not highly significant change in morphology. The resulting 

structure resembles crumpled tissue balls. It may be attributed to the limited effectiveness of 

the low-temperature reduction process in achieving a well-ordered crystalline structure in 

rGO. 

After heating at 200 and 300 ℃, the samples exhibited variations in Reduced Graphene 

Oxide (rGO) formed morphology. Some of the samples produced thin sheets of rGO, while 

others formed crystalline structures resembling the morphology of silica (SiO2) and zinc (Zn) 
[29–32]. In the case of the rGO-200 sample, it is evident that the formed Si morphology is 

situated between the layers of rGO. This variation is likely due to the conditions in which 

some samples underwent a more effective reduction of graphene oxide. In contrast, others 

experience the decomposition of organic compounds contained in rice husks. This process 

resulted in byproducts that can accumulate within the rGO samples. 

 

Figure 3. FE-SEM images of the proposed rGO and rGO/SiO2  

Elemental Composition of Reduced Graphene Oxide 

Figure 4. depicts the EDX spectrum of an rGO sample, revealing its primary elemental 

composition, which is predominantly composed of carbon (C), followed by oxygen (O), 

potassium (K), and SiO2. Oxygen in this rGO sample is influenced by the carbonization 

process in an open-air environment. Meanwhile, potassium (K) in rGO can be attributed to 

the KOH activation and partial washing processes. The origin of SiO2 in rGO is associated 

with the natural presence of SiO2 in rice husks. There is a significant increase in silica content 

when heating is carried out at 200°C. More detailed information regarding the elemental 

composition of each sample can be found in Table 1. 

 



Reduce Graphene Oxide … page 295 

 

Copyright © 2024 Universitas Sebelas Maret 

 

Figure 4. EDX spectra of as-synthesized rGO samples 

Table 1. Elemental composition of the studied rGO obtained from EDX analyses 

Detected 

Elements 

Samples 

rGO-0 

atomic% 

rGO-100 

atomic% 

rGO-200 

atomic% 

rGO-300 

atomic% 

C 84.0 86.1 74.8 86 

O 12.4 8.2 18.8 10.8 

K 2.7 4.2 0.3 2.3 

Si 0.4 1 3.5 0.7 

Zn 0.0 0.0 1.7 0.0 

Etc.     

Table 1 shows a 3.5% increase in the Si element in the rGO-200 sample. This increase can be 

attributed to reduced silanol groups on the silica surface at a temperature of 200 ℃, leading to 

agglomeration and forming larger silica particles. The increased Si content can impact the 

resulting pore diameter, with higher Si content leading to smaller pore diameters. Pore diameter 

size, in turn, affects the specific surface area produced. Higher Si content is associated with 

more significant specific surface areas [33]. 

Additionally, a high SiO2 content in the sample can enhance the conductivity of rGO due to the 

resulting sheet-like and porous morphology, which provides a continuous conductive path 

between SiO2 nanoparticles. It allows for greater electron storage capacity in the sample [32]. 

However, in the rGO-300 sample, there was a decrease in Si content, possibly resulting from 

the high reduction temperature, which may have caused some of the Si content to be lost. 

Specific Surface Area of Reduced Graphene Oxide 

Figure 5 displays a multi-point isothermal BET plot of the as-synthesized rGO samples. The 

specific surface areas were employed to analyze the diffusion mechanism within the porous 



Reduce Graphene Oxide … page 296 

Copyright © 2024 Universitas Sebelas Maret 

material and to elucidate the selectivity of the catalyst reaction based on the principles of 

adsorption theory [34,35]. The adsorption isotherms data with relative pressure (P/Po) values 

ranging from 0.05 to 0.3 were subjected to the BET equation [36]. The plot of 1/[W((Po/P)-1) 

against P/Po showed a linear variation with a correlation coefficient (r) of 0.999. Table 2 shows 

specific surface area values of the rGO samples calculated using the BET method. The surface 

area of rGO was highest at the thermal reduction of 200 ℃ and then decreased with the increase 

in reduction temperature. The surface area of rGO is highly dependent on particle size. It 

reveals that the surface area of rGO is most prominent at a reduction temperature of 200  ℃. 

 

Figure 5. Multiple-point isothermal BET plots of the produced rGO specimens 

Table 2 presents comprehensive results on the effect of thermal reduction on surface area and 

pore diameter. The combination of rGO and SiO2 in the rGO-200 sample significantly 

increased the surface area from 34.17 m²/g in the rGO sample before thermal reduction to 

121.24 m²/g after the thermal reduction process at 200 °C. Additionally, this approach reduced 

the pore size from 9.33 nm to 4.89 nm. 

The rGO sample heated at 200 °C exhibited the highest specific surface area because the 

heating process at this temperature supports the formation of an optimal rGO structure. Heating 

at 200 °C effectively reduces the oxygen-functional groups in the GO layers, resulting in a 

more open graphene structure with increased interlayer spacing, thereby enhancing the specific 

surface area. Furthermore, the formation of SiO2 within the rGO matrix at this temperature 

also contributes to the increase in surface area. SiO2 acts as a spacer, maintaining the distance 

between rGO layers, preventing agglomeration, and ensuring high surface area availability. 

Thus, heating at 200 °C results in a more open and well-organized rGO structure, supported by 

the presence of SiO2, leading to the highest specific surface area compared to samples heated 

at other temperatures. 
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Table 2. The specific surface area of as-synthesized rGO samples 

Sample Code 
Specific surface area 

 SBET (m2/g) 
Pore diameter (nm) 

rGO-0 34.166 9.329 

rGO-100 25.698 10.169 

rGO-200 121.244 4.893 

rGO-300 8.058 22.920 

Figure 6 illustrates the pore size distribution of the prepared rGO samples wherein the results 

of nitrogen adsorption at 77.35 K were analyzed using the BJH approach. The pores radius in 

the rGO specimens varied in the range of 1 to 135 nm with sequential peaks around 9.329 (for 

rGO-0), 10.169 (for rGO-100), 4.893 (for rGO-200), and 22.920 nm (for rGO-300). Moreover, 

the pore size distribution of rGO samples is dominated in the range of 2 and 50 nm, indicating 

the formation of a mesoporous structure according to the International Union of Pure and 

Applied Chemistry (IUPAC) classification scheme. The pore volumes of rGO-0, rGO-100, 

rGO-200, and rGO-300 were 0.079681, 0.066126, 0.165328, and 0.054904 cm3/g, 

respectively. In short, the porosity, pore size, and pore volume of the produced rGO were 

significantly affected by the thermal reduction variation. 

 

Figure 6. Pores size distribution of rGO specimens obtained from 

nitrogen adsorption at 77.35 K using the BJH model 

CONCLUSION  

Reduced Graphene Oxide was successfully produced from rice husk-derived activated carbon 

through a single-stage thermal reduction process at 200 °C. The natural presence of SiO2 in 

this material adds intriguing value. The synthesis method offers a simple, efficient, cost-

effective, and environmentally friendly approach. The combination of rGo and SiO2 

significantly increased the sample's surface area, rising from 34.17 m2/g for rGO before thermal 

reduction to 121.24 m2/g after the thermal reduction process at 200 °C. Furthermore, this 

process has effectively reduced the pore size of rGO/SiO2, decreasing from 9.33 nm before 

thermal reduction to 4.89 nm after the process. The results of this study demonstrate that rGO/ 
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SiO2 derived from activated carbon from rice husk derivatives holds great potential as a high-

performance electrode material. This material combines the advantages of thermal reduction, 

natural SiO2 content, and enhanced surface area, making it suitable for various applications 

requiring high-quality electrode materials. 
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