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Abstract: Supercapacitors are promising energy storage devices in future energy 
technology. In this research, the primary and applied aspects of supercapacitors are 
developed. Various techniques have been developed specifically to estimate specific 
capacitances. Various attempts have been made in the literature to increase the specific 
capacitance value of the electrode materials. Electrode materials with unique structural 
and electrochemical properties, such as high capacity and cyclic stability, exhibit good 
supercapacitor performance. Many new electrode materials have been developed to play 
an essential role in capacitance behavior. This research focuses on the highly efficient 
application of nanostructured electrode materials such as nanoporous carbon and metal 
oxide CuO for supercapacitors. Nanopore carbon is made from coconut shell, which is 
synthesized using a simple heating method. Next, carbon nanopore and CuO nanoparticle 
composites were carried out with composition variations of 0.5,10,15, and 20% of the total 
weight. The results of cyclic voltammetry, electrochemical impedance spectroscopy, and 
charge-discharge tests, maximum results were obtained on a composition of 5% CuO 
nanoparticles with a capacitance of 280 F/gr and a conductivity of 1.14 X 10-2 S/cm. This 
result is due to an increase in the surface area between the pore surfaces, so more ions are 
trapped, causing the filling process to take place quickly. 
 
Keywords: CuO; Nanoparticle; Nanoporous; Supercapacitor; Surface area 

  

Introduction  

 
Supercapacitors as energy storage devices have 

been widely used in the electronics and transportation 
fields, such as digital telecommunications systems, 
computers and pulse laser systems, hybrid electrical 
vehicles, and so on (G.-X. Wang et al., 2005; Y. Wang et 
al., 2015; Zhu et al., 2007). The latest development of 
supercapacitors is characterized by the development of 
electrode material construction with a large surface area 
and small resistance so that it can increase energy 
storage capacity. In the charging process, ions will be 
stored at the electrode and electrolyte interface. This 
shows that the surface area of the electrode largely 
determines the energy storage mechanism Therefore, 
surface area is an important factor that determines load 
storage capacity. The greater the surface area, the greater 
the capacitance (Bose et al., 2012; Enock et al., 2017; Nor 
et al., 2017). 

However, despite the high specific surface area, the 
application of porous carbon materials has been limited 
to the overall use of the pores for charge accumulation. 
For activated carbon, from theoretical observations the 
capacitance is usually only around 10- 20% due to the 
presence of micropores which are inaccessible to the 
electrolyte on the electrode surface, so it is unable to 
form a double layer in the pores (Timperman et al., 
2012). Several methods have been used to control the 
micro and macro structure of porous carbon, but these 
techniques are difficult and expensive (Candelaria et al., 
2012; Frackowiak et al., 2001; Fuertes et al., 2014). 

In general, nanoporous carbon produced by 
researchers (Fernández et al., 2008; Frackowiak et al., 
2013; Largeot et al., 2008) has a low mesopore 
distribution, macropore distribution still appears even 
though literature studies show that mesopores play a 
vital role in providing access for electrolyte ions to enter 
micropores (Fuertes et al., 2014; Lozano-Castelló et al., 
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2002; Qu et al., 1998; Zhuiykov, 2014). To overcome this 
problem, supercapacitors were developed in a 
composite structure which is expected to increase the 
capacitance. Several researchers made nano-porous 
carbon composites with metal oxide nanoparticles. 
Metal oxide nanoparticles are used as a substitute 
because these metal oxides in the form of conductors or 
semiconductors show active redox properties which 
produce pseudo capacities (H. Lee et al., 2010; Lu et al., 
2011). Metal oxide nanoparticles are promising electrode 
materials because they can accelerate the reduction and 
oxidation reactions in the charging and discharging 
processes, thereby increasing the potential voltage and 
increasing the charge capacity of the supercapacitor 
(Etape et al., 2017; Faraji et al., 2014). Pseudocapacitance 
can increase capacitance significantly because it involves 
faraday reactions, voltage-dependent between 
electrodes and electrolytes, either in the form of surface 
adsorption redox reactions with electrolytes, or 
doping/undoping of electrode materials (G. Wang et al., 
2012). Therefore, it is necessary to conduct research on 
nanoporous carbon/metal oxide composites to improve 
supercapacitor performance. Charging and discharging 
mechanisms in nanoporous carbon composited 
nanoparticle metal oxide supercapacitors.  

The value of the specific capacitance of the 
supercapacitor can be calculated using the following 
equation (G. Wang et al., 2012): 

 

Csp = 
∫ 𝑰𝒅𝒗

𝑺𝒎𝒗
   (1) 

Description: 
Csp   = specific capacitance (F/gr) 
(∫Idv)/v = integration of current vs voltage CV curve 

(Ampere. Volt) 
S   = Scan rate (mV/s) 
m   = mass of electrode material (g) 

 

 
Figure 1. Charging and discharging mechanisms in 

supercapacitors 

 

Method  
 

This research was conducted in 2 stages, namely the 
manufacture of nanoporous carbon and nanoporous 
carbon composited nanoparticle CuO which were 
assembled into supercapacitor prototypes. 
 
Nanoporous Carbon 

The chemical activation process is carried out by 
mixing carbon charcoal from a coconut shell with KOH 
(Ajina et al., 2010; Jain et al., 2013; Musa et al., 2015) with 
a ratio of carbon charcoal and KOH of 1:3. The mixture 
of carbon and KOH was stirred at a temperature of 90oC 
by adding distilled water to keep the mixture 
concentrated. The mixture of KOH and carbon charcoal 
was left for 24 hours at room temperature and then 
filtered with filter paper. Furthermore, the filtered 
carbon was physically activated for 1 hour at various 
temperatures of 600, 700, and 800oC in a furnace with N2 
gas. The carbon powder produced through the 
activation process is washed with distilled water 
repeatedly until the pH is normal and to remove the 
remaining alkaline salts contained in the nanoporous 
carbon. The washed samples were then filtered and 
dried at 110oC for 2 hours in a heating oven. Next, 
surface area, pore size, and morphology tests were 
carried out using TEM, SEM, and XRD. 

 

 
Figure 2. Process nanoporous carbon 

 
Nanoporous Carbon/Metal oxide CuO Composite 

Nanoporous carbon composites were carried out on 
nanoporous carbon with the highest surface area. 
Composites were made by mixing nanoporous carbon 
with metal oxides in which the mass percent ratio of 
metal oxides was CuO (0.5, 10, 15, 20%). The process of 
mixing nanoporous carbon with metal oxides is carried 
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out in a beaker glass by adding PVDF binder as much as 
10% of the total mass of the material and stirring the 
DMAC solution for 30 minutes, then adding activated 
carbon and stirring for 30 minutes, then adding metal 
oxides according to their respective composition for 2 
hours until the mixture is homogeneous and forms 
slurry (paste). Furthermore, the paste formed was cast 
on aluminum foil using the Doctor Blade method, after 
that it was baked in the oven at 80oC for 30 minutes, then 
in a vacuum oven for 12 hours to remove the gas in the 
pores and then cut into coin pellets and assembled. 
Supercapacitors are composed of two electrodes, a 
separator, and an electrolyte. Both electrodes are made 
from nanoporous composite materials and metal oxide 
nanoparticles. The electrode is made in the shape of a 
circle with a diameter of 16 mm. The separator and 
electrolyte used in this research were polypropylene and 
3M KOH in distilled water (Akinwolemiwa et al., 2015). 
Supercapacitor assembly process using a coin cell 
consisting of a base, cover, and spacer. First, the cell 
coins are washed using acetone and then dried in a 
vacuum oven at 70 OC for 30 minutes. Furthermore, the 
coin cell components, electrodes, separators, 
electrolytes, and spacers are arranged in a row as 
follows: base, electrodes as shown in Figure 3. After the 
assembly process is complete, the supercapacitor 
fabrication can be said to have been successful,  Next is 
the Cyclic Voltammetry (CV) test, Charge-Discharge 
(CD), and Electrochemical impedance spectroscopy 
(EIS) using the WBCS 3000, SEM mapping testing to 
determine the distribution of metal oxides and XRD tests 
to determine the structure formed by the composite. 

 

 
Figure 3. Composite nanoporous carbon and metal oxide 

 

Result and Discussion 
 

Nanoporous Carbon 
Nitrogen physisorption isotherm characterization 

of nanoporous carbon activated for 1 hour with 

temperature variations of 600oC, 700oC, and 800oC. From 
this characterization, surface area and pore size 
distribution can be derived. 

 

 
Figure 4. Nitrogen physisorption isotherm and pore diameter 

of Nanoporous carbon 

 
Samples have a high specific surface area (above 

1,000 m2/g). With the simple heating method, obtaining 
a high surface area can be done quickly and 
economically. According to Qu et al. (1998), materials 
with a surface area of more than 1000 m2/g are suitable 
for application as electrodes in supercapacitors. The 
specific surface area measured by the BET method or 
known as SBET shows an increase with the increase in 
activation time for carbon nanoporous samples 
activated at a temperature of 700oC but at a temperature 
of 800oC, there is a decrease in the surface area due to 
pore widening due to an increase in temperature so that 
the number of pores in the macroporous phase increases. 
increasing (Barranco et al., 2010; Kierzek et al., 2004; Li 
et al., 2013). 

Figure 4 is the absorption-desorption isotherm 
curve of nanoporous carbon produced at temperatures 
of 600 oC, 700 oC, and 800 oC for 60 minutes. Samples 
labeled A, B, and C are nanoporous carbon which 
represents type I physisorption isotherm adsorption or 
what is known as Langmuir. Where the sample still has 
micropores with a narrow external surface. In sample B 
the isotherm curve looks sharp, with a larger adsorption 
volume, this shows a widening of the pore size as N2 
adsorption increases. The hysteresis curves in samples 
A, B, and C show a slight H4-type hysteresis loop which 
indicates that the material has slit-pore-shaped pores 
(Burke et al., 2014; Sing, 1982). This indicates the 
presence of more mesopores as also found by Yang et al. 
(2008). H4 hysteresis shows unlimited adsorption at 
high relative pressures Hu et al. (2001) finding materials 
with H4-type loops resembling plate-like aggregates 
that are larger than slit-shaped pores. The isotherm 
curve characteristics for samples A and C appear to have 
decreased for nitrogen adsorption. Figure 5 shows the 
size of the pore diameter in carbon A, B, and C. It can be 
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seen that carbon A, B, and C still have pores at macro 
size even though the surface area is high. 
 

Table 1. Physical Characteristics of Nanoporous Carbon 
Code Temp 0C Surface area 

(m2/g) 

Average pore 
diameter (nm) 

Total pore 
volume (cc/g) 

A 600 1089 12.50 0.68 

B 700 1469 11.60 0.85 

C 800 1056 15.20 0.80 

 
Figure 5 shows the TEM and FESEM characteristics 

of activated carbon with a surface area of 1469 m2/g. It 
appears that the majority of pore sizes are in the 
mesoporous phase (2-50 nm) and appear to still be 
present in macropore sizes (> 50 nm). This result is in 
accordance with the pore diameter graph. generated by 
BJH BET data. 

 

 
Figure 5. TEM and FESEM pore distribution of nanoporous 

carbon 

 
Figure 6 is the XRD profile of the result nanoporous 

carbon. The results of x-ray diffraction (ʎ = 1.54Å) show 
2 carbon peaks at an angle of 2Ɵ, each at 23.5o and 44o. 
The diffraction angle value corresponds to the miller 
carbon index (002), (101). Nanoporous carbon has a (002) 
reflection between 20o and 30o indicating the presence of 
coherent graphene stacks and parallel in a limited 
domain (Hwang et al., 2008). Wave peak with FWHM of 
11.4o and lattice spacing (002) of 3.4 Å. This shows that 
the structure of nanoporous carbon becomes more 
regular, namely approaching the structure of graphite 
with a lattice spacing of 3.4 Å (Fey et al., 2003). Distance 
the lattice that gets closer to graphite shows a decrease 
in the amorphous part which is the location for the 
formation of smaller pores. In addition, at a diffraction 

angle of 2Ɵ between 40o and 50o a clearer peak is visible. 
This peak shows carbon with a (101) orientation which 
indicates a hexagonal structure (Hwang et al., 2008). 

 

 
Figure 6. XRD Pattern of nanoporous carbon 

 

 
Figure 7. Cyclic voltammetry profile of nanoporous carbon at 

10 mv/S 

 
Figure 7 electrochemical performance of 

nanoporous carbon-based supercapacitors obtained by 
cyclic voltammetry characterization with a scan rate of 
10 mV/s. The capacitance for nanoporous carbon 
samples A, B, and C measured based on Equation (1) 
with an electrode mass of 0.002 g is 80.9 F/g, 100 F/g, 
135 F/g, and 78.7 F/g. Of all the samples, the capacitance 
of sample B has the maximum value due to the large 
pore size distribution in the mesopore class. Apart from 
that, this is possible with the presence of crystal 
orientation which can increase electrical conductivity 
(Beguin, 2009; G.-J. Lee et al., 2007; Pandolfo et al., 2006). 

From this EIS measurement, cell conductivity can 
be calculated where the thickness of the sample material 
is 0.01 cm, and the sample area is 2 cm2. From the 
calculation results, the conductivity of sample A = 3 x 10-
04 S/cm, sample B = 3.5 x 10-04 S/cm, and sample C = 
2.89 x 10-04 S/cm with RA = 41, 5 ohms, RB = 36 ohms, 
RC = 87.5 ohms. From these results, it can be seen that 
the smallest resistance is in sample B with a resistance 
value of 36 ohms. Small resistance indicates fast ion 
transport and low power dissipation. Therefore, in the 
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nanopore activated carbon composite process with CuO 
nanoparticles used is sample B. 

 

 
Figure 8. Electrochemical impedance spectroscopy of 

nanoporous activated carbon samples A, B, C. 
 

 
Figure 9. XRD profile of nanoporous carbon composite/CuO 

nanoparticles 

 
Figure 9 is the XRD spectrum of nanoporous 

activated carbon, CuO nanoparticles. The CuO peaks are 
at angles 2Ɵ (35.43), (38.90), (48.83), (53.60), (61.59) on the 
(002), (111), (200), (202), (020), and (220). From this 
pattern, it can be seen that there is no change in the 
crystal structure and changes in the crystal lattice 
spacing of the nanoporous activated carbon due to the 
addition of metal oxide. Diffraction peaks of nanoporous 
activated carbon and metal oxide CuO still appear in the 
composite electrode material. This concludes that there 
is no reaction due to the addition of CuO metal oxide 
nanoparticles. The properties of composited nanoporous 
carbon/metal oxide are a combination of the physical 
and chemical properties of metal oxide and carbon 
nanoparticles. In this composite, only interfacial 
bonding occurs between metal oxide and carbon 
nanoparticles and there is no compound (Figure 10). 

Figure 10 is TEM data which includes Selected Area 
Electron Diffraction (SAED) data. SAED data indicates 
that the nanoporous activated carbon/CuO nanoparticle 
composite is single-crystalline with sample planes 
obtained (002), (111), (202), (020), and (220). From the 

TEM image it can also be calculated that the grain 
diameter of the nanoporous carbon/CuO nanoparticle 
composite is around 30 nm. 

 

 
Figure 10. TEM spectra of nanopore carbon/CuO 

nanoparticles 
 

 
Figure 11. Cyclic voltammetry profile of nanoporous 

carbon/metal oxide 

 
In the performance test of the nanoporous activated 

carbon supercapacitor used was nanoporous activated 
carbon with the highest surface area, 1469 m2/g with the 
aim of obtaining a higher capacitance. Figure 5.34 is a 
cyclic voltammetry curve with a scan rate of 10 mV/s 
and a sample mass of 0.002 gr. The amount of 
capacitance can be calculated using Equation (1). The 
specific capacitance values are 100 F/g, 280 F/g, 190.80 
F/g, 146 F/g, and 116.6 F/g for samples 0% CuO, 
5%CuO, and 10% CuO, respectively. 15% CuO and 20% 
CuO. The energy that can be stored/kg is 13.89 J, 38.89 J, 
37.78 J, 33.82 J, 29.51 J, and power that can be stored/kg 
is 0.002 W, 0.022 W, 0.006 W, 0.002 W, 0.001 W for each 
sample of 0% CuO, 5% CuO, 10% CuO, 15% CuO, and 
20% CuO. The performance of the 5% CuO sample 
which produces maximum capacitance is caused by the 
pore size distribution in the mesoporous class. From the 
overall capacitance results, it can be seen that the specific 
surface area is proportional to the resulting capacitance 
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as seen in the 5% CuO sample which has a maximum 
specific surface area that is better than Zhang et al. 
(2013).  

The presence of metal oxide CuO nanoparticles 
functions to increase the capacitance value of the 
supercapacitor through redox reactions on the electrode 
surface. inside the supercapacitor and increases the 
dielectricity value of the supercapacitor (Park et al., 2002; 
S. Wang et al., 2017; Wu et al., 2012; J. Zhang et al., 2012). 
Remembering that the amount of energy stored in a 
supercapacitor depends on the amount of ions are 
stored, then the oxidation state in the CuO crystal 
structure will contribute to increasing the capacitance. In 
the cyclic voltammetry test, it appears that the more 
CuO composition is added, the capacitance value 
decreases, this is because the number of added 
nanoparticles covers the pores in the composite, causing 
the surface area to decrease, resulting in a decrease in the 
capacitance value. The charge storage mechanism that 
occurs on the electrode surface which is a nanoporous 
carbon/CuO composite is: 

 

(CuO)surface + K+ +OH- ↔ (CuOK+OH-)surface (2) 
 

Figure 12 is the result of the charge discharge test 
which shows the relationship between the length of 
charging and discharging time when a load current of 
1A is applied. From the picture it can be learned that the 
supercapacitor cell is capable of having basic properties 
as an electrical energy storage device, characterized by 
two characteristics, namely a decrease in current with 
the passage of charging time and the cell is able to 
withstand the characteristic voltage level of a 
supercapacitor cell.  

The voltage achieved is very good because it is close 
to the standard voltage value for KOH electrolyte = 1 
volt (distilled water base). During the charging process, 
the charge occurs to a potential of 1 volt. From the 
picture it appears that the charging and discharging 
times for each electrode are different. At 0% CuO 
charging time 350 seconds discharging 450 seconds, 5% 
CuO charging 1800 seconds discharging 2750 seconds, 
10% CuO charging time 1800 seconds discharging 2000 
seconds, 15% CuO charging time 1800 seconds 
discharging 1800 seconds and 20% CuO charging time 
1800 blanking seconds 1000 seconds. It appears that at 
5% CuO, the discharge time is longer because more ions 
are stored due to the high surface area. During the 
discharging process, the voltage will decrease further 
due to loss of charge, and the voltage never rises again 
to a reference potential. This decrease shows the cell's 
ability to fill. However, the cell's discharging capability 
is still very low because it can only draw a current of no 
more than 1A and the cell voltage immediately drops 
drastically to 0V. From the test results it still appears that 

the charging and discharging capabilities of 
supercapacitor cells are the same, however, this cell can 
still be considered as a supercapacitor cell because its 
capacitance is still promising. 

 

 
Figure 12. Charge discharge of nanoporous carbon/metal 

oxide 

 
Conductivity measurements were carried out using 

the EIS (Electrochemical Impedance Spectroscopy) 
method (Figure 13). The EIS curve has formed properly. 
A good electrode will form a semicircle pattern. 
Impedance measurements are carried out by applying a 
DC bias voltage of 1V. The frequency spectrum range is 
given between 4 Hz - 1 MHz. From this EIS 
measurement, cell conductivity can be calculated using 
a material resistivity equation. From the calculation 
results, the conductivity of 0% CuO is 3.55 x 10-04 S/cm, 
5% CuO 1.14 x 10-02 S/cm, 10% CuO 1.52 x 10-03 S/cm, 
15% CuO 7.79 x 10-04 S/cm, 20% CuO 5.77 x 10-04 S/cm. 
From these results, it can be seen that the highest 
conductivity is at the 5% CuO position with a resistance 
of 3.2 ohms. Small resistance indicates fast ion transport. 
From the overall results, the highest capacitance was in 
the 5% metal oxide composite, this result was because 
this composition had a high surface area and the pore 
size was in the mesoporous phase. 

 

 
Figure 13. EIS profile Nanoporous carbon/CuO Nanoparticle 
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Conclusion  

 
Conclusions on the results and discussion of the 

series of research results above are as follows: The 
addition of metal oxide nanoparticles to the surface of 
nanoporous activated carbon can increase the 
capacitance almost twice when compared to 
supercapacitors that use nanoporous activated carbon 
alone. The addition of 5% CuO maximum capacitance of 
280 F/g. Supercapacitors based on nanoporous 
carbon/transition metal oxide nanoparticle composites 
reduce the average pore diameter in the range of 40 nm- 
60 nm. So the dominant pore size is in the mesoporous 
fraction and increases the specific surface area, 
mesopore surface area, and pore volume.   
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