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 In this study, we prepared activated carbon from coconut shell with a 
low activating time for activated carbon (AC). The coconut shell 
powder (< 100 µm) allows for an effective pyrolysis process and low 
activation time (30 min) that reduces the cost of production. The AC 
has characteristics of micropore with average size of 1.9 nm and a 
surface area of 460.50 m2/g. For supercapacitor electrode, the AC 
electrodes have capacitance of 50, 66, and 67.5 F/g when 0.5 M, 1 M, 
and 2 M of Na2SO4 electrolyte was being inserted, respectively. In 
addition, the equivalent series resistance (ESR) of the AC electrode was 

6.6; 4.3, and 4.1  for 0.5 M, 1 M and 2 M of Na2SO4 electrolyte. 
These results indicate that the coconut shell powder can be an 
alternative source for supercapacitor application with moderate 
performance. 

 
Copyright © 2023 Authors. All rights reserved. 

 

 

  

 

Introduction 

Activated carbon (AC) has been used for supercapacitor electrode due to superior surface area, 
structural stability, and moderate price [1-3]. The common AC has been prepared using 
pyrolysis method under nitrogen atmosphere in separate stages of carbonization and 

activation process. The carbonization is usually carried out at more than 400C, while the 
activation temperature is about 700 - 900°C for 1-3 h [4-6]. The activation was carried out 
physically and chemically. Physical activation usually occurs by gasification of CO2 gas 
whereas the chemical activation utilizes the activating agent of acid (H3PO4), base (NaOH, 
KOH) or neutral (ZnCl2) [7-8]. Literature reports the KOH is the most powerful chemical to 
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create superior surface area and porous structure [9]. Previous study reported that wood, 
coconut shell, and many other agricultural by-products are potential source of AC [9, 10-12]. 
Coconut shell has been preferred due to its high carbon content and low ash [13]. To produce 
AC, the coconut shell is commonly crushed with moderate size of 1-5 mm. The resulted AC 
has a typical micropore size [14-15].  
 
Supercapacitor is one of the progressive energy storages with interesting performance of rapid 
charging/discharging, high power density and long cycle life [1-3]. The potential application 
of supercapacitor has been explored in Uninterruptible Power Supplies (UPS), hybrid energy 
storage, power electronics, etc. [1-2, 17]. Supercapacitor, also known as Electric Double- Layer 
Capacitor (EDLC), exhibited superior capacitance because of the high surface area of the 
electrode and good ionic transport of the electrolyte [1-3]. For porous electrode, the specific 
area should be supported by well distributed micropores and mesopore [18]. On the other 
hand, ionic transport is determined by electrolyte concentration. If the ionic concentration is 
too low, there will be lack of charge carriers. If the electrolyte concentration is too high, the 
ionic transport will diminish due to the low water hydration [19]. Therefore, it is important to 
observe optimal electrolyte concentration to obtain high specific capacitance. 
 
In this study, AC was synthesized from coconut shell powder with a small size of about 100 
µm and low activation time of 30 min. The utilize of a small size of coconut shell aims to 
effectively reduce the heating process whereas the low activation time was to efficiently reduce 
the cost production. The small size of coconut shell is believed to be effective in the heating 
process (carbonization and activation). Also, it helps the activating agent (KOH) to intercalate 
the carbon and produce good porosity.  This study elaborates some important aspects related 
to the supercapacitor electrodes, such as coconut shell size, time activation, and various 
electrolyte concentration of Na2SO4.  

Experimental Method 

Activated carbon preparation and characterization 

The coconut shell powder, obtained from Bandung, Indonesia, was crushed within a size of 
100 µm. The coconut shell powder was tested using proximate analysis including carbon 
value, moisture level, ash content and volatile substance. The chemical analysis of the coconut 
shell also evaluated in terms of lignin, cellulose, and hemicellulose.   

The coconut shell powder was carbonized using a homemade furnace of 500°C to produce 
the carbon.  The produced carbon was immersed in KOH with composition of carbon: KOH 
of 1:3 (according to the mass ratio).  The carbon/KOH mixture was heated at 800°C for 30 
min to produce the AC. Finally, the AC was carefully washed with 2 M of HCl and DI water 
alternately to release the salt residue. The schematic diagram of the AC synthesis is 
represented in Figure 1. 

The textural porosity of the AC was evaluated using Nitrogen Physisorption (Quantachrome 
Autosorb Automated Gas Sorption).  From the Nitrogen Isotherm Physisorption data, the 
specific surface area can be estimated using Brunauer-Emmett-Teller (BET) technique. The 
amount of adsorbed nitrogen (total pore volume) is defined at  P/P0 of about 0.99 [20]. The 
average pore size can be predicted using Barrett, Joyner, and Halenda (BJH) technique [21].  
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Electrode Manufacture and Characterization  

Supercapacitor electrodes were manufactured from a proper combination of AC, carbon black 
(CB) as conductive filler (purchase from Graphene Supermarket) and polytetrafluoroethylene 
(PTFE) as binder (imported from China) with weight composition of   8:1:1. First, the PTFE (1 
wt %) was dispersed in N-Methyl-2-pyrrolidone (NMP). Subsequently, the AC and CB were 
put in by continuously stirring at 40°C until the mixture is completed to be ink. The ink was 
deposited on stainless steel plate with an area of 1 cm2 and thickness of 0.25 mm. The stainless 
steel was previously covered by carbon glue to provide good adhesion of the ink to the plate.   

The supercapacitor electrodes were investigated using Corrtest CS310H with various 
electrochemical methods including of Cyclic Voltammetry (CV), Electrical Impedance 
Spectroscopy (EIS) and Galvanostatic Charge-Discharge (GCD). The set up measurements 
were using three electrodes by employing the Platinum plate as a counter electrode, AC 
electrode as a working electrode, and Ag/AgCl as a reference electrode.  The CV was adjusted 
with speed rate of 10 mV/s. The GCD utilized an applied current of 0.5 mA. The EIS was 
observed in a frequency scale of 0.1 Hz – 1 kHz. The specific capacitance of the AC electrode 
can be computed using formulations from CV and GCD data [22]. The EIS data were fitted 
using a software EIS spectrum analyser to obtain the equivalent series resistance (ESR) [23].  

 

Figure 1. The schematic diagram of the AC preparation from coconut shell for supercapacitor 
electrodes 

 
Result and Discussion 

Figure 2 shows the nitrogen physisorption curve of the nitrogen adsorption/desorption of the 

AC. The relative pressure of x-axis is a ratio of the adsorptive pressure to the saturated vapor 

pressure of nitrogen liquid. Along with the measurement, the adsorptive pressure is increased 

to allow the nitrogen uptake in the volumetric system. The maximum nitrogen level that can 

be adsorbed into the AC was 290 cc/g. The higher the adsorbed nitrogen, the larger the surface 

area of the AC [24]. The curve represents a combination of micropores of type I isotherm and 

small hysteresis loop of H3 which corresponds to mesopore [25-26]. The textural porosity is 

summarized in Table 3. The total pore volume was 0.45 cc/g and the specific surface area was 

460.50 m2/g. The BET surface area and pore volume of the AC are still limited compared to 
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those found elsewhere (9,11-12). These phenomena might come from the excessive amount of 

KOH inserted in the carbon. The BJH pore size distribution of the AC was demonstrated in the 

inset picture.  The sharp peak curves represent the dominant pores as an average pore size. 

The moderate pore size of 1.9 nm (table 3) is more convenient for ions accessible in 

supercapacitor applications. According to our result, we believe that the small size of coconut 

shell (powder) is responsible for helping the effective activation process to produce micropore 

and mesopore. 

 
Figure 2. Nitrogen physisorption of the AC. Inset picture: BJH pore size 
distribution of the AC 

 

Table 1. The textural porosity of the AC  

Parameter Value Method 

Specific area 460.50 m2/g BET 

Pore volume 0.45 cc/g At P/P0 = 0.99 

Pore size 1.9 nm BJH 
 

 

Figure 3 shows the CV curve of the AC with various electrolyte content of 0.5 - 2 M. The CV 

curve has a typical double layer of AC electrode with rectangular-like curve [10]. The CV curve 

of 0.5 M electrolyte concentration has the smallest area compared to the other. The curve area 

is proportional to the capacitance [27]. The measured specific capacitance is concise in table 4. 

The AC with 2 M Na2SO4 has the maximum specific capacitance of 67.5 F/g. The AC with 1 M 

and 0.5 M Na2SO4 have specific capacitance of 66 and 50 F/g, respectively.  
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Figure 3. CV curve of the AC with various electrolyte 

concentration 0.5M, 1M, and 2M of Na2SO4 

 

The GCD curve of the AC with various electrolyte concentration was demonstrated in Figure 

4. The AC with electrolyte concentration of 0.5 M and 1 M have the same charging time of 

250.50 s but the AC with 1 M has a longer charging time of 298.70 s. The relationship of 

electrolyte concentration to the charging time is not linear. This result is not clear yet. The 

discharging time of the electrolyte of 0.5 M, 1 M and 2 M were 201.81, 208.54 and 283.81 s. The 

higher the electrolyte concentration, the longer the discharging time. 

 
Figure 4. GCD curve of the AC with various electrolyte 

concentration 0.5M, 1M, and 2M of Na2SO4 

Figure 5 shows the EIS curve of the AC with different electrolyte concentrations. All the curves 

have small semicircles corresponding to high frequency value. The low frequency show the 
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relatively straight line which analogue to the capacitor performance. The intersection of the 

semicircle to the Z axis represent the ESR and the straight line related to the capacitive behavior 

[23]. The AC with electrolyte concentration of 0.5 M has the largest internal resistance of 6.6 . 

The electrolyte of 1 M and 2 M has ESR of 4.3 and 4.1 , respectively.  

 
Figure 5. EIS curve of the AC with various electrolyte concentration 0.5M, 1M, 

and 2M of Na2SO4. Inset picture: electrical circuit analogue of the EIS curve. 

 

Table 2. The specific capacitance and ESR of the supercapacitor electrodes 

Electrolyte 
concentration (M) 

Specific Capacitance 
(F/g) 

ESR () 

0.5 50 6.6 

1 66 4.3 

2 67.5 4.1 
 

 

The relationship of different electrolyte concentration to the electrochemical 
properties of supercapacitor electrodes is explained in Figure 6. It can be 
concluded that the greater the concentration of Na2SO4, the superior the specific 
capacitance is. Also, the greater the electrolyte concentration is, the resulting ESR 
will be reduced. 
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Figure 6. Effect of various electrolyte concentration and electrochemical 
properties of the supercapacitor electrodes 

 

Conclusion 

The AC has been synthesized from the small size of the coconut shell with low activation time. 

This study demonstrated the formation of micropores and mesopore which contribute to the 

relatively high surface area. The as-synthesized AC has the potential to be an alternative 

material for supercapacitors with high capacitance and low internal resistance. 
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