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This research aims to study the physical and electrochemical properties of the activated 
carbon derived from rubberwood sawdust as electrode material for supercapacitors. 
Rubberwood sawdust, waste from the wood processing industry, was used as the 
precursor for synthesizing activated carbon using potassium hydroxide (KOH) as an 
activation agent. The carbonization was carried out at 400 °C under the nitrogen 
atmosphere. In this experiment, the rubberwood sawdust chars were activated by 
impregnating KOH solution using the impregnation ratios 1:1 and 1:3 (Char: KOH). After 
that, the samples were activated at 700 °C, 800 °C and 900 °C, respectively. The 
adsorption isotherm, surface area, total pore volume, pore size distribution, and 
structure porosity were investigated. The XRD was used to examine the structural 
characteristics. The morphology of the sample was characterized by FESEM. The surface 
functional group of the samples was determined by FTIR and Raman spectroscopy. The 
three-electrode testing consists of the activated carbon samples coated on aluminum foil 
(Working electrode), Ag/AgCl (Reference electrode), and platinum wire (counter 
electrode) in 1 molar of KOH. According to the research, the activated carbon at an 
impregnation ratio of 1:3 with an activation temperature of 900 °C presented the highest 
surface area, total pore volume, and average pore diameter as 1,574.39 m2/g, 0.6906 
cm3/g, and 1.89 nm, respectively. The cyclic voltammetry (CV) result showed a high 
specific capacitance value of 54.08 F/g at a scan rate of 5 mV/s in the case of the 
impregnation ratio of 1:3 with an activation temperature of 900 °C. Thus, the activated 
carbon derived from rubberwood sawdust waste as an electrode material can be a 
promising candidate for supercapacitors due to its outstanding electrochemical 
properties. 

Keywords: 

Activated carbon; chemical activation; 
electrode material; rubberwood 
sawdust; supercapacitor 

 
 
 

 
* Corresponding author. 
E-mail address: juntakan.t@psu.ac.th 
 
https://doi.org/10.37934/arfmts.94.2.6176 



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 94, Issue 2 (2022) 61-76 

62 
 

 
1. Introduction 
 

The rapid development of the community and the continuous evolution of technologies lead to 
high energy demand, which results in shortages of fossil fuels and increased environmental 
contamination. The utilization of renewable energy is an exceptionally essential key to solving these 
problems [1,2]. The energy storage device is also required because it is the primary equipment to 
handle the unstable electricity generated from renewable energy. Supercapacitors are 
electrochemical capacitors with a greater energy density than capacitors and a higher power density 
than batteries [3]. They can be applied in many electronic devices and energy storage because of 
their quick charge/discharge rate, long cycle life, and eco-friendly [4,5]. 

Supercapacitors are classified into two mechanisms of charging storage. The first type is electrical 
double-layer capacitance (EDLC). The energy is stored via electrostatic reversibility of ions between 
electrode-electrolyte with double layer formation [6]. Porous carbon materials are generally used as 
electrode materials in this type. The second type is pseudo capacitance, related to surface redox 
reactions. Generally, conducting polymers, metal, and metal oxide are used as electrode materials in 
the second type [7]. The electrode material plays a significant role in improving the performance of 
supercapacitors. Carbon-based materials, such as carbon nanotubes, graphite, and graphene, with a 
high specific surface area, good conductivity, chemical stability, and long life cycle, are suitable for 
electrode material [8]. However, the mass production of these carbon materials is complex synthetic 
and high-cost raw materials. The activated carbon derived from biomass is a good choice for the low 
cost-effective precursors and easy to prepare porous carbon materials due to their abundance, high 
carbon composition, and cheapness [9,10]. Many biomass materials such as oil palm empty fruit 
bunches, cassava peel waste, chestnut wood, cotton stalk, waste coffee beans, waste tea leaves, 
sunflower seed shell, argan seed shells, banana peel, cucumis melo peel, polyalthia longifolia seeds, 
coconut shell, bamboo and rubberwood seed shell are used as electrode materials in last decade [11-
25]. Since the rubber tree is abundantly planted in the south of Thailand, Rubberwood is mostly 
utilized as a raw material in the furniture industry. After production, raw material residue generates 
waste like slabs and sawdust. Thus, in this research, the rubberwood sawdust was used as precursor 
material to add their values. 

Generally, the activated carbon can be prepared by two methods. The first method is physical 
activation. CO2 or steam is used to activate the raw ingredients at high temperatures ranging from 
700 °C to 1100 °C. However, the activated carbon derived from this method has a low surface area 
[26]. The second method is chemical activation, which involves using a chemical agent to impregnate 
carbon-based materials and activate at a temperature range of 300 °C to 800 °C under an inert 
atmosphere. During the chemical activation process, Chemical agents are employed to dehydrate the 
raw material and remove the tar or volatile matter. It also enhances the surface area and porosity 
[27]. Generally, the chemical activation agents, such as the acidic group; H2SO4, H3PO4, the alkaline 
group; KOH, NaOH, and the metallic salt; ZnCl2, are used as a chemical activation agent [28]. Since 
the KOH is less corrosive and environmentally friendly, it is a good alternative for chemical activation 
[29]. It also produces micropores and mesopores, suitable for various applications [30]. In addition, 
the Impregnation ratio is a significant parameter for chemical activation to achieve a high surface 
area and superior pore volume [31]. 

Usually, the double-layer capacitors (DLC) represent the higher energy density and higher 
capacity per volume among capacitors [32]. Also, electrolytes play an essential role in electrical 
double layer capacitance performance. Many researchers reported that electrodes from activated 
carbon exhibit good electrochemical properties in KOH electrolytes [33]. Elaiyappillai et al., [20] 
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studied the three electrodes system in 1 M of KOH due to a high specific capacitance of 376 F/g. Thus, 
the KOH aqueous electrolytes have an excellent choice for the working electrodes due to their 
environmentally friendly, inexpensive, and uncomplicated preparation [20]. 

In this study, the synthesis of high porous carbons derived from rubberwood (Hevea brasiliensis) 
sawdust is determined by the simple carbonization and chemical activation with KOH as an activation 
agent at the impregnation ratios of 1:1 and 1:3 with the activation temperature of 700-900 °C. The 
samples were characterized to analyze their structure, textural characterization, surface morphology, 
and capacitive properties of EDLC by using three-electrode testing in KOH as electrolyte. To the best 
of our knowledge, very few studies have been carried out to prepare activated carbon from the 
rubberwood sawdust available in Thailand by the chemical (KOH) activation as aforementioned for 
supercapacitor applications. 
 
2. Methodology 
2.1 Materials 
 

The dried rubberwood sawdust was collected from Southern Biomass Fuel Co., Ltd, Songkhla 
province, Thailand. Potassium hydroxide pellets (KOH) and hydrochloric acid (37 wt%, HCl) were 
bought from Molecule Co., Ltd (Thailand). Chemical agents Nmethyl-2-pyrrolidone (NMP), 
polyvinylidene fluoride (PVDF), and conductive carbon black were purchased from Dongguan Gelon 
LIB Co., Ltd (China). Aluminum foil (16µm thickness) was obtained from Xiamen Tob New Energy 
Technology Co., Ltd (China). 
 
2.2 Preparation of Activated Carbon Derived Rubberwood Sawdust (RS) 
 

In two stages, the activated carbon (AC) was prepared from rubberwood sawdust as the staple. 
The first step was the carbonization process, and the second step was the chemical activation 
process. In the first step, the rubberwood sawdust (RS) was cleaned up with purified water to 
eliminate impurities and dust; then, it was dried in an oven at 110 °C overnight to diminish moisture 
content. Further, the sample was placed in the circular tube furnace, heated up to 400 °C at a heating 
rate of 6 °C/min, maintained for 1 hour under a nitrogen gas atmosphere, and cooled to room 
temperature. The obtained carbonized rubberwood sawdust char was labeled as RS-Char. 

In the second step, chemical activation was carried out using 50 g of RS-Char and 50-150 g of 
potassium hydroxide (KOH) to produce the impregnation ratios of 1:1 and 1:3. The chemical 
activating agent was dissolved in 300 ml of purified water to provide the KOH solution. The RS-Char 
and KOH solution was stirred using a magnetic stirrer for 24 hours. After that, the well-mixed slurry 
was heated at 700-900 °C (heating rate of 6 °C/min) for 3 hours under a nitrogen gas atmosphere. 
After cooling to room temperature, the AC was submerged in 0.1 molars of hydrochloric acid (HCl) 
for 3 hours at environment temperature before being cleaned with deionized water to achieve a 
neutral pH. The AC samples were dried in an oven at 110 °C for 12 hours and maintained in a 
desiccator silica gel to avoid moisture. The AC samples were tagged as RS1:1-800, RS1:3-700, RS1:3-
800, and RS1:3-900, respectively. Figure 1 shows the schematic preparation of activated carbon 
samples. 
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Fig. 1. The schematic preparation of activated carbon samples 

 
2.3 Characterization of Rubberwood Sawdust Char and Activated Carbon 
 

The four digits scale was used to weigh the samples and the precursor materials. The fixed carbon, 
moisture, ash, and volatile matter were evaluated by TGA 701, LECO, USA (based on ASTM D7582-
15). The CHNS/O analyzer detected the elemental components of rubberwood sawdust, char, and AC 
by using the dynamic flash combustion technique (WI-RES-CHNS/O-002), Flash 2000, Thermo 
scientific, Italy. The Brunauer-Emmett-Teller (BET) surface area analysis of the RS samples was 
analyzed using Micromeritics ASAP2460 high throughput surface area and porosity analyzer. In 
addition, FT-IR spectra of the RS samples were analyzed by Bruker/ VERTEX70 spectrometer. X-ray 
diffraction (XRD) of the AC samples was recorded using an Empyrean/ PANalytical Empyrean 
diffractometer. Raman spectra were carried out using RAMANtouch (force)/ Nanoproton 
RAMANtouch (force), Raman spectrometer from the office of Scientific Instrument and Testing at 
Prince of Songkhla University, Thailand. Field Emission Scanning Electron Microscope (FESEM) images 
from the Center for Scientific and Technological Equipment, Walailak University, Thailand. The Merlin 
compact, ZEISS Microscopy detected the Energy Dispersive X-ray (EDX) spectroscopy of the RS 
samples. 
 
2.4 Electrochemical Measurements 
 

The electrochemical measurements of RS activated carbons were performed by Metrohm, 
Autolab/ PGSTAT 302N potentiostat analyzer at Metallurgy and Materials Science Research Institute, 
Chulalongkorn University, Thailand. The three-electrode system was applied in 1 M KOH at room 
temperature with a Platinum wire as a counter electrode, Ag/AgCl as a reference electrode, and RS 
samples coated on aluminum foil as a working electrode. The working electrode was prepared by 
mixing electrode material (RS-derived activated carbon), polyvinylidene fluoride (PVDF), and 
conductive carbon black with the ratio of 8:1:1 through N-methyl pyrrolidone (NMP) solvent. The 
slurry of electrode material was coated on aluminum foil by using a doctor blade with a wet film 
thickness of 250 μm. After that, it was dried at 80 °C in an oven for 6 hours to remove the NMP 
solvent. The average mass loading of the working electrode was approximately around 2 mg (1 cm × 
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1 cm). The cyclic voltammetry (CV) was performed at different scan rates between 5-100 mV/s. The 
specific capacitance (Csp) values for the three-electrode systems of RS activated carbon samples were 
calculated from CV measurement using Eq. (1) [20,21]. The electrochemical impedance spectroscopy 
(EIS) was carried out in the frequency range between 100 kHz to 0.1 Hz with an amplitude of 10 mV. 
 

( )2 12
SP a c

I
C I I I

Vm V V


=  = −

−            (1) 

 
Where, Csp (F/g) denotes the specific capacitance of the three-electrode system, ΔI/2 presents the 
half of the integration area of the CV curve, Ia and Ic are the anodic and cathodic current, V refers to 
the scan rate, m (g) represents the mass of the electrode material, and V2-V1 is the potential 
difference on the CV curve. 
 
3. Results 
3.1 Proximate and Ultimate Analysis 
 

The proximate and ultimate analyses of the RS samples are shown in Table 1. The volatile matter, 
fixed carbon, moisture, and ash were acquired using the thermogravimetric diagnosis. The 
rubberwood sawdust (RS) is raw material containing high volatile matters, fixed carbon, moisture, 
and ash of 74.05, 15.76, 7.71, and 2.48% by weight. These values are comparable with the results of 
other biomasses [34,35]. After carbonization into RS-Char, it indicated lower volatile matters, a 
remarkable increase of fixed carbon, less moisture, and ash of 31.84, 60.09, 4.04, and 4.03%, 
respectively. The higher amount of fixed carbon was due to the elimination of volatile matter at 
higher temperatures in the pyrolysis process [36]. The results also revealed that RS1:3-800 had the 
lowest value of volatile matters, the highest value of fixed carbon, and the lowest value of moisture 
and ash, equal to 12.53, 80.37, 3.28, 3.82%, respectively. For the ultimate analysis, the number of 
elements was performed by the CHNS/O analyzer. The RS contained C, H, O, N, S of 45.06, 6.05, 45.28, 
0.15, 0.07%, respectively. These values also correspond to the results of biomasses such as pine 
sawdust and paulownia wood [37,38]. After carbonization, the RS-Char exhibited higher carbon 
content, which increased from 45.06 to 76.56%, and oxygen decreased from 45.28 to 11.86%. This 
occurred due to the thermal decomposition of lignocellulosic in raw materials during the carbonized 
process [39]. The RS1:3-800 showed the highest carbon content at 80.17% compared with RS and RS-
Char due to increased temperature during the pyrolysis process [27]. 
 

Table 1 
Proximate analysis and ultimate analysis of RS samples 
Samples Proximate contents (%wt) Elemental contents (%wt) 

Volatile Fixed carbon Moisture Ash C H O N S 

RS 74.05 15.76 7.71 2.48 45.06 6.05 45.28 0.15 0.07 
RS-Char 31.84 60.09 4.04 4.03 76.56 3.57 11.86 0.35 0.05 
RS1:3-800 12.53 80.37 3.28 3.82 80.17 1.39 13.63 0.22 0.02 

 
3.2 BET Analysis 
 

The adsorption-desorption isotherms and pore size distribution (PSD) of RS samples are shown in 
Figure 2 and Figure 3. It was quite tough for the RS-Char sample to perform an adsorption 
demonstration because of its poor pore structure. According to The International Union of Pure and 
Applied Chemistry (IUPAC) classification, it can be found from Figure 2. that the absorption-
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desorption isotherm curves of RS1:1-800, RS1:3-700, and RS1:3-800 samples showed type-I isotherm. 
The sharp increase of absorption at the relative pressure of P/P0 < 0.3 indicates that samples have 
numerous amounts of micropores [40]. When micropores are filled, the adsorption increases slightly 
on the external surface. This behavior also indicates the existence of mesopore and macropore. 
Moreover, in case of the RS1:3-900 sample presented a combined property of type-I/IV isotherm. 
The sharp increase during absorption at the relative pressure around P/P0 < 0.3 also like RS1:1-800, 
RS1:3-700, and RS1:3-800 samples, which refer to type I isotherm behavior. The appearance of the 
hysteresis loop at medium and the high pressure of P/P0 > 0.4 (Type-IV) represents that the RS1:3-
900 sample comprises a high ratio of mesopores [41,42]. 

 

 
Fig. 2. The adsorption-desorption isotherms of RS samples 

 
Figure 3 showed the pore size distribution curves (PSD) of RS1:1-800, RS1:3-700, RS1:3-800, and 

RS1:3-900, which further suggested that RS1:3-900 had apparent peaks in the micropore range of 
1.16–2 nm and mesopore range of 2–5.92 nm. While RS1:1-800, RS1:3-700, and RS1:3-800 presented 
the major peaks at the micropore range (< 2 nm). 
 

 
Fig. 3. Pore size distribution of RS samples 
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The BET surface area, total pore volume, micropore volume, mesopore volume, and average 
pore diameter were evaluated by BET Analysis and are shown in Table 2. 
 

Table 2 
Comparison of textural properties of RS samples 
Samples SBET (m2/g) Vt 

(cm3/g) 
Vmic 
(cm3/g) 

Vmes 
(cm3/g) 

Vmes/Vt 
(%) 

DP 
(nm) 

RS-Char 0.48 - - - - 180.55 
RS1:1-800 750.89 0.3289 0.1920 0.1369 41.63 1.75 
RS1:3-700 1,417.77 0.5598 0.4546 0.1052 18.79 1.58 
RS1:3-800 1,464.13 0.6405 0.3533 0.2873 44.85 1.63 
RS1:3-900 1,574.39 0.6906 0.3241 0.3664 53.06 1.89 

 
The RS-Char sample has a low surface area of around 0.48 m2/g and a large average pore diameter 

of around 180.55 nm. After the activation process, the activated carbon had significantly increased 
surface area. The resulted of surface area of RS1:1-800, RS1:3-700, RS1:3-800, and RS1:3-900 samples 
were revealed as 750.89, 1,417.77, 1,464.13, and 1,574.39 m2/g, respectively. The total pore volume 
of RS1:1-800, RS1:3-700, RS1:3-800, and RS1:3-900 samples were exhibited as 0.3289, 0.5598, 
0.6405, and 0.6906 cm3/g, respectively [27]. The RS1:3-900 samples had the highest Vmes/Vt at 
53.06% and an average pore diameter of 1.89 nm, implying the RS1:3-900 huge mesopore amount 
of the activated carbon samples. In addition, the RS-activated carbon samples with the impregnation 
ratio of 1:3 have more surface area and total pore volume than the impregnation ratio of 1:1 [21,43]. 
Moreover, the increasing activation temperature can provide more surface area and more contain 
mesopore. Thus, for RS1:3-900, an observed increase of mesopores affords proper channels for ion 
transfer and penetration of electrolytes [20,43]. 
 
3.3 FESEM and EDX Analysis 
 

The Field Emission Scanning Electron Microscope (FESEM) analysis was used to acquire 
information about the morphology of RS samples [14]. Figure 4(a) shows that the image of RS-Char 
carbonized at 400 °C reveals a hole with honeycomb structures. This is attributed to the metabolic 
channels and pore channels of rubber trees formed by the retreat of moisture and molecule gases 
produced by the thermal decomposition during the carbonization process [41]. The samples of RS1:1-
800, RS1:3-700, RS1:3-800, and RS1:3-900 are presented in Figure 4(b) to Figure 4(e). The morphology 
images of RS1:3-700, RS1:3-800, and RS1:3-900 clearly show expanded microstructure and porosity, 
while the image of RS1:1-800 does not show a developed porosity on a flat surface. Therefore, with 
the increase of the KOH impregnation ratio, the surface of porous carbon becomes a well-formed 
porous structure [27]. In the case of the impregnation ratio of 1:3, the lower activation temperatures 
had produced a small pore. When the activation temperatures were increased, both the formation 
of micropores and mesopores. The formation of pores is due to increased surface area and the total 
pore volume in the activated carbon. The porous structure is highly important to be used as an 
efficient supercapacitor [44]. 
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Fig. 4. FESEM Morphology images of (a)-(e) RS-Char, RS1:1-800, RS1:3-700, RS1:3-
800, and RS1:3-900 

 
Figure 5(a) to 5(e) presented the EDX peak of RS-Char, RS1:1-800, RS1:3-700, RS1:3-800, and 

RS1:3-900 samples, which insisted on the presence of high carbon and oxygen [20,21]. The elemental 
component such as phosphorus (P), Sulfur (S), and Silicon (Si) was found in the RS-Char and RS1:1-
800 at low temperatures between 400-700 °C. However, these elements were eliminated when the 
temperature increased. For RS1:3-700, RS1:3-800, and RS1:3-900 samples, since biomass materials 
were used as raw materials, weak traces of other elements such as Calcium (Ca), Potassium (K), 
Magnesium (Mg) were detected [20]. 
 

 
Fig. 5. EDX spectrum of (a)-(e) RS-Char, RS1:1-800, RS1:3-700, RS1:3-800, and RS1:3-900 
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3.4 FT-IR Spectral Analysis 
 

The FT-IR analysis of rubberwood sawdust samples provides observational information on its 
property functional group. Figure 6 shows the FT-IR spectra of the RS-Char, RS1:3-700, RS1:3-800, 
and RS1:3-900 samples. It is found that the RS samples have different functional groups on the 
surface. The vibration at 3,419 cm-1, 3382 cm-1 on the RS-1:3-800 and 3379 cm-1, 3258 cm-1 on the 
RS-1:3-900 curve are mentioned to the O-H stretching band of the hydroxyl functional group with 
alcohol compound class [35]. For RS-Char, RS1:3-700, RS1:3-800, and RS1:3-900 spectrum, there are 
also two peaks at around 2,918-2,913 cm-1 and 2,842-2,851 cm-1, which are consistent with the 
asymmetric and symmetric C-H stretching vibrations with alkene compound class in the as-prepared 
activated carbon samples [20]. 

In the case of the RS-Char, the frequency detected at 1579 cm-1 is related to the C=C stretching 
of the cyclic alkene functional group [45]. The weak peaks remarked at 874, 813, 755, and 715 cm-1 
refer to the C-H bending vibrations in benzene derivatives. However, this existing functional group 
will disappear after activation at high temperatures. The sharp peak at around 1,430-1,433 cm-1, 
which is attributed to O-H bending in the RS samples, was significantly decreased after the activation 
process. These results prove that the RS1:3-900 sample presents the carbon and oxygen-containing 
functional groups, which can transfer pronounced capacitance and conductivity to the activated 
carbon [21]. 
 

 
Fig. 6. The overlay FTIR spectra of the RS-Char, 
RS1:3-700, RS1:3-800, and RS1:3-900 samples 

RS1:3-900

RS1:3-800

T
ra

n
s
m

it
ta

n
c
e

 (
%

)

RS1:3-700

Wavenumber (cm
-1

)

5001000150020002500300035004000

RS-Char

2
9

1
7

2
8

5
1

1
5

7
9

1
4

3
3

8
7

4

2
9

1
7

2
8

4
9

1
4

3
0

8
7

5

3
4

1
9

3
3

8
2

2
9

1
3

2
8

4
6

1
4

3
0 8

8
1

3
3

7
9

3
2

5
8

2
9

1
8

2
8

4
2

1
4

3
1 8
7

6
8

1
3

7
5

5
7

1
5



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 94, Issue 2 (2022) 61-76 

70 
 

3.5 XRD Analysis 
 

The X-ray diffraction pattern of the RS-Char, RS1:3-700, RS1:3-800 and RS1:3-900 samples are 
shown in Figure 7. The appearance of a broad peak by a weak peak indicates the amorphous nature 
of RS samples [20]. The noticeable peak of the RS-Char, RS1:3-700, RS1:3-800 and RS1:3-900 samples 
is situated at 2θ = 29.38o, composed of calcium carbonate (CaCO3). When the activation temperature 
increases, the peak will be decreased. The calcium carbonate peaks correspond to JCPDS card 
number 01-072-1937 and suggest the rhombohedral crystal structure [46]. 

The XRD pattern of RS-Char at the carbonization temperature of 400 °C and RS1:3-700 also 
present two broad peaks at around 23o and 43o corresponding to (002) and (100) Bragg reflection 
planes, which refers to disordered carbon structure [41,47]. In comparison, the RS1:3-800 and RS1:3-
900 hardly show (002) peaks and slightly (100) peaks. That means the carbon layers of activated 
carbon derived from the activation process have a lower graphitization degree than RS-char [41,48]. 
 

 
Fig. 7. XRD pattern of the RS-Char, RS1:3-700, RS1:3-800, and 
RS1:3-900 samples 
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3.6 Raman Spectral Analysis 
 

Raman spectral of the RS-Char, RS1:3-700, RS1:3-800 and RS1:3-900 samples are shown in Figure 
8. The graph of RS-Char presents two prominent peaks at 1359.2 cm-1 and 1586.7 cm-1. In case of the 
RS1:3-700, RS1:3-800, and RS1:3-900 samples, there are also two peaks at 1338.7 cm-1 and 1587.3 
cm-1, 1341.0 cm-1 and 1585.1 cm-1, 1339.9 cm-1 and 1576 cm-1, respectively, which conform to the D 
band (defects and disorder structure) and the G band (graphitized carbons), respectively. 

The intensity ratio (ID/IG) of RS-Char, RS1:3-700, RS1:3-800, and RS1:3-900 samples are 0.857, 
0.843, 0.846, and 0.850, respectively. It implies that the lower intensity of RS1:3-700, RS1:3-800, and 
RS1:3-900 have a slightly higher graphitization yield and higher conductivity than RS-Char [20]. No 
apparent differences were revealed in the intensity ratio between RS-Char, RS1:3-700, RS1:3-800, 
and RS1:3-900 samples, which means KOH agents only develop the pore in the carbon materials 
without generating more additional disordered structure. 
 

 
Fig. 8. Raman spectra of the RS-Char, RS1:3-700, RS1:3-800, and 
RS1:3-900 samples 
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3.7 Cyclic Voltammetry and Specific Capacitance Characteristic 
 

The CV curves of the RS1:1-800, RS1:3-700, RS1:3-800, and RS1:3-900 samples are shown in 
Figure 9(a) to 9(d) to evaluate the electrochemical capacitance characteristic of the RS activated 
carbon with a different impregnation ratio and a different activation temperature. The CV test was 
carried out in 1 molar of aqueous KOH with the potential window of 0-1 V. The CV curves for RS1:1-
800, RS1:3-700, RS1:3-800, and RS1:3-900 were determined at six different scan rates as 5, 10, 20, 
50, 75, and 100 mV/s. The CV curves of RS1:1-800, RS1:3-700, RS1:3-800, and RS1:3-900 represent 
almost ideal EDLC behaviors, and the quasi-rectangular shape observed for all scan rates attributes 
to electrochemical capacitance [49]. 

Furthermore, the specific capacitance values were estimated as 23.16, 27.04, 37.30, and 54.08 
F/g for the RS1:1-800, RS1:3-700, RS1:3-800, and RS1:3-900 electrode material, respectively, at the 
scan rate of 5 mV/s. The specific capacitance on various scan rates is shown in Figure 10, which gently 
decreases with increasing scan rate [20,43,50,51]. Thus, the specific capacitance of RS1:3-900 
presented a higher value than the other RS samples (RS1:1-800, RS1:3-700, RS1:3-800) because of 
their higher surface area, which encouraged the accessibility of electrolyte ions at a high scan rate 
[21]. Moreover, for the RS1:3-900 sample, there is a reduction in microporous content while 
mesopores are increased, with rising activation temperature [21,52]. 
 

 
Fig. 9. CV curves of (a)-(d) RS-Char, RS1:3-700, RS1:3-800, and RS1:3-900 samples 
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Fig. 10. Specific capacitance on the various scan rate 

 
4. Conclusions 
 

In this work, the rubberwood sawdust-derived activated carbon materials were prepared as 
electrode materials for the supercapacitors. The chemical activation process using KOH as an 
activation agent on the RS sample has improved the textural and electrochemical properties when 
increasing the impregnation ratio. The optimal impregnation ratio for the chemical activation of the 
RS sample was RS1:3-900, achieving the surface area and total pore volume of 1,574.39 m2/g and 
0.6906 cm3/g, respectively. The well-developed micro-mesopores are suitable electrode materials 
for supercapacitor devices due to their abundance, low cost, eco-friendliness, and biomass residues. 
The specific capacitance characteristic of the RS1:3-900 samples exhibited the highest value of 54.08 
F/g at a scan rate of 5 mV/s. Thus, it can be concluded that the activated carbon synthesized from 
rubberwood sawdust through chemical activation with KOH has the potential to use as an effective 
electrode for supercapacitor. 
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