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Abstract. The particle size analysis for supercapacitor carbon electrodes from rubber wood sawdust (SGKK) has 

been done successfully. The electrode particle size was reviewed against the properties such as density, degree of 

crystallinity, surface morphology and specific capacitance. The variations in particle size were made by different 

treatment on the grinding and sieving process. The sample particle size was distinguished as 53-100 μm for 20 h 

(SA), 38-53 μm for 20 h (SB) and < 38 μm with variations of grinding time for 40 h (SC) and 80 h (SD) 

respectively. All of the samples were activated by 0.4 M KOH solution. Carbon electrodes were carbonized at 

temperature of 600oC in N2 gas environment and then followed by CO2 gas activation at a temperature of 900oC for

2 h. The densities for each variation in the particle size were 1.034 g cm-3, 0.849 g cm-3, 0.892 g cm-3 and 0.982 g 

cm-3 respectively. The morphological study identified the distance between the particles more closely at 38-53 μm 

(SB) particle size. The electrochemical properties of supercapacitor cells have been investigated using 

electrochemical methods such as impedance spectroscopy and charge-discharge at constant current using Solatron 

1280 tools. Electrochemical properties testing results have shown SB samples with a particle size of 38-53 μm 

produce supercapacitor cells with optimum capacitive performance. 

INTRODUCTION 

Supercapacitor is an energy storage device other than capacitors, batteries and fuel cells [1]. In the last 

decade, supercapacitor has been widely used as an energy resource in electronic devices, electric cars and some 

other devices that require relatively faster energy transfer than batteries [2]. The supercapacitor component 

consists of two current collectors, two electrodes, a separator and an electrolyte located within the pores of the 

electrode [3]. Electrodes play an important role in determining energy and power that can be stored in 

supercapacitor cells. Usually, the electrode is selected from a conductor material with a high surface area such 

as activated carbon, which can be made from an organic material such as biomass materials. The selection of 

certain biomass materials as a precursor to produce active carbon electrodes has an advantage of self-adhesive 

characteristic after going through a compression process, another advantage is abundant availability, a friendly 

environment and stable in physical and chemical characteristics [4,5]. One of the factors that determine the 

strength of the electrode after compression process is the particle size of the material [6]. The optimum particle 

size will produce an electrode with optimum strength as well. The electrodes strength will be proportional to the 

density and electrical conductivity but inversely proportional to the porosity. Porosity properties, especially 

surface area are one of the key factors in producing supercapacitors with the higher energy. The balance of 

electrical conductivity and porosity properties influenced by particle size becomes the determining factor in 

producing supercapacitor electrodes from biomass material. In this paper the effect of particle size in the 

supercapacitor electrodes to the physical and electrochemical properties were discussed. 
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EXPERIMENT 

The preparation of carbon electrodes is done by grinding process after the pre-carbonization stage. Carbon 

electrode are made by varies grinding time to find the difference in particle size. Raw materials (rubber wood 

sawdust) after ball milling process for 20 h and then sieved with 38 μm, 53 μm and 100 μm sieve sizes. The 

sieved sample with size 38 µm was continued with ball milling process for 40 h and 80 h to obtain a smaller 

particle size than 38 μm. Particle size of rubber wood sample can be divided into 4 groups i.e (i). 53-100 μm, (ii) 

38-53 μm, (iii) <38 μm and (iv) is much smaller than the sample and labeled as SA, SB, SC and SD, 

respectively. All samples were activated using KOH with a concentration of 0.4 M [7]. The green electrode 

prepared using hydraulic press tool with a compression pressure of 8 tons. Furthermore, carbonization process 

was performed at a temperature of 600
o
C using nitrogen gas and continued with the physical activation process 

at a temperature of 900
o
C for 2 h using CO2 gas [8] which aims to enlarge the pore diameter to increase surface 

area and electrical conductivity, resulting in the pellet carbon electrode. The produced sample was polished to 

obtain the electrode with thickness of 0.2 mm and then washed until neutral pH. Physical properties of the 

electrode measured were density and surface morphology. Electrochemical properties of the supercapacitor cell 

measured were specific capacitance, cell capacitance, energy density and power density based on the previous 

references [9 -10]. Measurement of electrochemical properties of supercapacitors were done by electrochemical 

impedance spectroscopy (EIS) and constant current charge discharge (CDC) using a 1286 solatron interface. 

Specific energy and power was calculated with the formula as given in equation (1) and (2) [11].  
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RESULTS AND DISCUSSION 

Figure 1 shows that the densities are 1.034 g cm
-3

, 0.849 g cm
-3

, 0.892 g cm
-3

 and 0.982 g cm
-3

 for SA, SB, 

SC and SD electrodes, respectively.  

 

 

FIGURE 1. The density of carbon electrodes for various samples 

 

The highest density is for SD electrode because of the longest grinding time and predicted the sample has the 

smallest particle size. While the smallest density is obtained for SA electrode because of its largest particle size, 

so this electrode has large number of macro pores that appear in between the particle boundary. The data shown 

in Fig. 1 does reveal any indication for such an explanation already mentioned. This condition can occur due to 

several factors, such as the release of gas and the reconstruction of particles after the process of chemical and 

physical activation. Short grinding time causes large particle with macropores, while the long grinding time 
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produces a small particle size that produces micropores between the particles. This factor plays an important 

role in the pores formation, more pores are formed the density will be smaller because the mass of electrode 

decreased during the activation process. The SC and SD electrodes run into a longer grinding process compared 

to SB. It is can be certain that particle size produced after grinding process is smaller than SB electrode. After 

chemical activation then particle size will be smaller because during the activation process, excessive pore 

formation causes the sample decompose or break. This sample will produce a denser electrode than SB after the 

process. This is a reason for the higher electrode density of SC and SD than SB electrode. Smaller the pore, 

lesser the pore distribution and greater the density. 

 

 

FIGURE 2. SEM micrograph of electrode cross sectional part with 500x magnification, (a) SA, (b) SB, (c) SC, (d) SD 

 

Figure 2 shows the surface morphology on cross section part of the carbon electrode. In Fig. 2 the particles 

of the electrode have pores distributed uniformly. The carbon surface has more porous characteristics with the 

predominance of the macropores while meso and micropores were not see clearly. Figs. 2a and 2b show that SA 

and SB electrodes display a more open pore shape than the SC and SD electrodes shown in the Figs. 2c and 2d. 

The surface of SC and SD electrodes have a denser arrangement with slight pores. The pore distribution at the 

surface of SC and SD electrodes tend to be closed and smaller in size than the SA and SB electrodes.  

Figure 3a shows the difference shape of Nyquist plot for each electrode. Generally, the Nyquist plot consists 

of only one semicircle [6], but in these two cells, there are actually two semicircular curves. The shortest curve 

line to the Z" axis is exhibited by SB electrode which is then followed by SA, SC and SD electrodes. The C’ vs. 

frequency curve can be seen in Fig. 3b shows different pattern for each of supercapacitor electrodes. Separation 

of C' for all samples occurs at a frequency of 2.04 Hz and a total separation occurs at a frequency of 0.31-0.01 

Hz. This shows that at these frequencies, the electrolyte ions have started to occupy the pores of the electrodes 

perfectly. The C '' vs frequency curve can be seen in Fig. 3c. The C'' has significant changes at low frequency. 

The curve begins to split at a frequency of 25.13 Hz and totally separates at a frequency of 2.419-0.01 Hz. An 

increase in C'' occurs because the electrolyte ions can access pores of electrode well at the low frequency region. 

Maximum capacitance is generated when electrolyte ions have reached all the pore surfaces of the electrode 

[12]. The curve pattern in Fig. 3b has a different type with Fig. 3c i.e. the value of C'' decreased at a certain 

frequency for the four electrode samples which is caused the formation of the peak called as the peak frequency 

(fp). This frequency describes the relaxation time of ions in the electrolyte when subjected to the charge-

discharge [13] and the magnitude of C'' is directly proportional to the resulting C'.  
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FIGURE 3. Nyquist plot for each sample, (a) riil impedance vs imajiner impedance (b) riil capacitance vs frequency (c) 

imaginary capacitance vs frequency (d) capacitance specific vs frequency 

 

In Fig. 3d it can be noted that the specific capacitance (Csp) shows a constant value at a frequency of 209.47 

Hz - 1 kHz for all electrodes. The curve begins to split at a frequency region of 100.04 Hz and total separation 

occurs at a frequency of 16.86-0.01 Hz. Frequency affects the magnitude of specific capacitance, the greater is 

the frequency, smaller the capacitance, because specific capacitance is inversely proportional to frequency. The 

specific capacitance by EIS method for each sample of SA, SB, SC and SD were 30.52 F/g, 50.63 F/g, 20.67 F/g 

and 2.05 F/g, respectively. The specific capacitance using wood materials obtained was 234 F/g and 189 F/g for 

poplar wood [14] and fir wood [15]. Galvanostatic Charge-Discharge (GCD) measurement data was shown in 

Fig. 4. Patterns formed in the curve show that variations in particle size affect the discharge time for each cell, 

the curves show a significant difference for all cells. The data distribution in SD cells is very small, unlike the 

other three cells. It can be seen in the Fig. 4 that longer discharge time for SB cell and the shortest discharge 

time was for SD cells. Energy density and power density on supercapacitor are obtained by using GCD data at a 

constant current of 10 mA/s. The Ragone plot in Fig. 4b shows the different distribution of energy and power for 

all cells, when energy decreases the power increases and vice versa. The highest specific capacitance (Csp) and 

cell capacitance (Ccell) of supercapacitor cells was obtained for SB supercapacitor cell, i.e., electrode with a 

particle size of 38-53 μm, while the lowest Csp and Ccell were produced by SD cells with smallest particle size. 

This result corresponds to the picture obtained by the charge-discharge curve as shown in Fig. 4a. Cells with 

long discharge times will have a larger capacitance compared to cells with short discharge time. 
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FIGURE 4. The charge-discharge curves for each sample (a) Energy density vs (b) power density  

 

The GCD results were also coherent with the EIS results, as can be seen from Table 1. The SB cells has 

highest capacitive properties (Csp, Ccell, E, P). 

TABLE 1. Energy Density, Power Density, Specific Capacitanc and Cell Capacitance for various electrodes prepared 

Sample 

Code 

Particle 

Size 

Mass 

(g) 

Emax 

(Wh/kg) 

Pmax 

(W/kg) 

Csp 

(F/g) 

C 

(F) 

GCD EIS GCD EIS 

SA 53-100 0.036 0.722 261.46 34.99 30.58 1.08 0.55 

SB 38-53 0.031 1.017 311.58 43.01 50.65 1.54 0.78 

SC < 38 0.031 0.343 288.34 14.74 20.67 0.45 0.32 

SD <SC 0.035 0.079 241.70 2.14 2.05 0.07 0.03 

CONCLUSION 

Based on data and analysis, the particle size is an important factor that affects the physical properties such as 

density and surface morphology of the carbon electrodes. The physical properties of these electrodes clearly has 

effect on the electrochemical properties such as the specific capacitance, cell capacitance, energy and power 

density. The optimum particle size of the carbon electrode from rubber sawdust was achieved for 38-53 μm 

particle size with specific capacitance of 50.65 F/g, cell capacitance 0.785 F, energy and power as 1.01 Wh/kg 

and 311.58 W/kg, respectively. 
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