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Abstract. Yellow potato peel contains chemical components such as protein, fiber, starch and 
sugar which is composed atom carbon chains bonding. Heating potato peel at high 
temperatures can disrupt the bonding of the carbon atoms of the constituents, vaporizing 
volatile compounds, thereby producing high carbon fixed. This study preparation yellow potato 
peel-based carbon electrodes through a single-stage integrated pyrolysis with carbonization 
from room temperature to 600 °C in N2 gas atmosphere followed by physical activation to a 
temperature of 850°C in CO2 gas environment. The impregnation of ZnCl2 at different 
concentrations was optimized as an independent variable precursor to produce porous activated 
carbon for energy storage devices. The difference in concentration of 0.1M, 0.3M and 0.5M 
ZnCl2 can increase the porosity, structure of amorphous carbon and the resulting high 
electrochemical performance. Electrochemical properties were characterized using cyclic 
voltammetry and galvanostatic charge discharge methods in an aqueous electrolyte of 1M 
H2SO4 at a voltage of 0-1000 mV and a scanning rate of 1 mV s-1. Furthermore, the resulting 
specific capacitance increased from 82.82 F g-1, 195.66 F g-1 and 147.03 F g-1 based on the 
effect of the concentration of the chemical activator ZnCl2. While the specific capacitance 
obtained using the GCD method shows higher numbers, namely 145.13 F g-1, 223.25 F g-1 and 
174.08 F g-1. Energy density 27.18 Wh kg-1 and power density 97.93 W kg-1 from cv method. 
The simple approach of activated carbon from potato peel waste is expected to produce an 
economical and simple porous carbon electrode for high performance energy storage 
application. 

1.  Introduction 
The development of energy storage devices in the field of nano carbon has become the focus of 
interest of researchers in conducting renewable research [1]. Nowadays, an energy storage device with 
a storage capacity that is superior to capacitors and batteries, a longer life duration, and high durability 
has been developed, namely the supercapacitor [2,3]. The supercapacitor consists of two symmetrical 
carbon electrodes, a current collector, an electrolyte and a separator [4]. Its working principle is to 
store ions from the electrolyte that decomposes in the carbon pores. The smoothness of ion absorption 
on porous carbon is influenced by the size and distribution of pores on the electrode surface [5,6]. The 
pore types of activated carbon according to the International Union of Pure and Applied Chemistry 
(IUPAC), are microporous (< 2 nm), mesoporous (2-50 nm) and macroporous (> 50 nm) [7]. The type 
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of pore size and distribution make an important contribution to the specific surface area that can 
increase the storage capacity of the supercapacitor. The surface area of activated carbon reaches the 
range of 300 - 2000 m2 g-1 [8,9]. Many specific surface area studies have been carried out using 
different biomass such as dried banana leaves 623.5 m2 g-1 [10], corn silk 1962.4 m2 g-1 [11], and 
wheat husk 1200 m2 g-1 [12,13]. 

Interestingly, supercapacitors consisting of activated carbon can be made from biomass waste thus 
that they are more environmentally friendly, economical and provide natural micropores [14,15]. This 
research focuses on processing potato peel waste into porous activated carbon electrodes for electrical 
energy storage. Potato is a type of plant that is known throughout the world, because it contains 
carbohydrates equivalent to white rice but low in calories. In European countries, potatoes are used as 
a staple food. Potatoes consist of flesh and skin. The flesh of the fruit is processed to be eaten, while 
the skin is disposed of as waste. The high consumer interest in processed potato-based foods does not 
only have a positive impact. As happens in potato processing factories, unused potato peels are thrown 
away as waste. Potato waste that accumulates can pollute the environment such as causing unpleasant 
odors and clouding the water. Therefore, the researchers innovate to improve the processing of 
biomass waste, especially potato peels. Potato skins contain crude fiber, sugar, and vitamins which are 
composed of carbon chain bonds. Potato skins have almost the same chemical content as the fruit, 
which has 30% - 40% cellulose which can produce carbon when heated to high temperatures. 
The addition of several chemical reagents in the processing of carbon electrodes can be used, such as 
ZnCl2, KOH, NaOH, K2CO3, H2SO4, H3PO4, and HNO3 [16–18]. ZnCl2 activator was seleced as 
chemical reagent this study due to their characteristics as a dehydrating agent, can evaporate 
completely at a temperature of 756 °C thus intiated optimum micropores [19]. In addition, ZnCl2 is 
more environmentally friendly and the price is more economical. The synthesis of porous carbon 
electrodes is through a single-stage integrated pyrolysis process including carbonization and physical 
activation [20]. This process was used N2, Ar, CO2, and H2O gases inveronmen in the furnace tube 
[21,22]. The process of carbonization and activation is very influential on the formation of pore 
structures on the carbon electrodes produced based on the amount of volatile compounds and elements 
other than carbon that evaporate. 

In this study, potato peel waste is processed into activated carbon electrodes with high porosity as 
the elecrode based material for supercapacitor. The carbon electrodes were synthesized through ZnCl2 
impregnation in different concentration of 0.1 M, 0.3 M, and 0.5M at high temperature pyrolysis. The 
carbonization process and physical activation are carried out while maintaining the pore structure and 
purity of the carbon sample. The physical properties of carbon electrodes were characterized of 
density of the monolith by measuring the mass, diameter, and thickness of the carbon pellets. The 
0.3M ZnCl2 activated sample confirmed the high capacitive properties of 195.66 F g-1 in the 1 M 
H2SO4 aqueous electrolyte from CV method. These results clearly confirm the potential of potato peel 
waste as a porous carbon originating material for supercapacitor electrodes. This characterization is to 
determine the storage capacity of supercapacitor cell electrodes based on potato peel waste with 
energy density 27.18 Wh kg-1 and power density 97.593 W kg-1 from cv method. 

 
2.  Experimental  
The synthesis of porous carbon electrodes from potato peel waste (Solanum Tuberosum L.) started 
from the stage of collecting raw materials from a potato chip production house in Pekanbaru. Potato 
peels with a thickness of < 2 mm were washed using running water until clean. Then, the water 
content is removed with sunlight and a drying oven at 110 °C. Then, the sample is pre-carbonized in a 
temperature of 250 °C to brittle the sample, convert it to carbon, and improve its self-adhesiveness. 
The sample particle refining process was continued using mortar and ball-milling until the size was 
below 60 µm. The powder samples were chemically activated through ZnCl2 impregnation with 
different concentrations of 0.1 M, 0.3 M, and 0.5 M. Furthermore, the sample is minted into the shape 
of a coin using a high-pressure hydraulic press. Subsecuently, it followed by the evaporation of 
volatile elements of the carbon sample and the opening of the pore structure through the process of 
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carbonization and physical activation. Carbonization was perfomed from room temperature to a 
temperature of 600 °C in N2 gas atmosphere and physical activation from a temperature of 600 °C to a 
temperature of 850 °C in CO2 gas atmosphere. The process of neutralizing the pH of the carbon pellets 
was continued using distilled water until a sample of pH 7 was obtained to be carried out in the 
characterization process.  

 
Figure 1. Scheme preparation of Solanum Tuberosum L peel-based activated carbon 

Carbon electrodes were characterized for their physical properties by calculating the decrease in 
pellet density after pyrolysis by measuring the mass, diameter, and thickness first. X-ray diffraction 
characterization was used to determine the degree of crystallinity of carbon samples. Furthermore, 
cyclic voltamery (CV) and galvanostatic charge discharge (GCD) characterizations were used to 
determine the storage capacity of the potato peel waste activated carbon electrodes based on their 
electrochemical properties. 
 
3.  Results and Discussions 
Density is an innitial characterization to determining the physical properties of porous activated 
carbon electrodes, which is the relationship between the mass and volume of the electrode after 
pyrolysis [23]. one-stage integrated pyrolysis is a process of heating carbon monolith to a high 
temperature of up to 900 °C. This process consists of carbonization to a temperature of 600 °C in an 
N2 gas environment followed by physical activation to a temperature of 850 °C in a CO2 gas 
environment [24]. The carbonization process causes the evaporation of volatile compounds and 
elements other than carbon in the sample which indicates the creation of empty spaces or pores so that 
the electrode mass is reduced. Physical activation up to a temperature of 850°C can increase the 
number and size of existing pores so that high porosity is created [25]. 
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Figure 2. Percentage reduction in mass, diameter and thickness of  activated carbon  

Solanum Tuberosum L. 
 

Based on Figure 2, it is known that each variation of the potato peel carbon monolith electrode 
sample experienced a reduction in mass, diameter and thickness after the pyrolysis process. This 
reduction causes a decrease in the density value due to evaporation and the addition of porosity. The 
density reduction for each variation of potato peel waste carbon, as shown in Figure 3. 
 
 

 
Figure 3. Density decrease of activated carbon Solanum Tuberosum L. 

 
Based on Figure 3, it shows the density shrinkage for each variation of the potato peel-based carbon 

electrode sample. The shrinkage of the sample density of ST-0.1, ST-0.3 and ST-0.5 were 10.38%, 
20.86%, and 11.59%, respectively. Density shrinkage is indicated by the release of elements other than 
carbon that occur during the carbonization process. The elements other than carbon that evaporate 
during the carbonization process are the natural content of potato skin biomass such as water content 
and non-carbon elements which are volatile compounds such as cellulose, hemicellulose, and lignin. 
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Evaporation of elements other than carbon can increase the number of carbon pores, thus that the 
porosity of the electrode also increases. Density reduction at most does not always contribute 
positively to the capacitance value, where excessive reduction can disrupt or even damage the carbon 
chain bonds [26]. The capacitance value is also influenced by the specific surface area of the carbon 
electrode, the combination of available surface pores such as optimum micropores and mesopores. 

X-ray diffraction characterization to determine the degree of crystallinity of carbon samples. This 
test was carried out at a scattering angle of 2θ showing the 002 and 100 carbon planes in the 
diffraction angle range of 22° - 25° and 42° - 45°. This test uses a Cu-kα light source which has a 
wavelength of 1.54 Å equal to the distance between the lattice in the carbon sample. The test results 
show a graph with two broad peaks and several sharp peaks which indicated high amorphous carbon 
dominant [27,28]. These results are almost the same as previous studies using different biomass 
precursor [29,30] 
 

 
Figure 4. XRD pattern of precursor ST-0.1, ST-0.3 and ST-0.5 

 
Figure 4 shows the diffraction pattern of potato peel carbon samples based on different 

concentrations of 0.1M, 0.3M and 0.5M ZnCl2 activator. The results of the characterization are two 
sloping peaks that indicate the amorphous nature of the carbon sample. In addition, there are some 
sharp peaks at several diffraction angles 29°, 34°, 37° and 39° which indicate crystalline properties 
caused by the presence of elements other than carbon which act as interfering elements [31]. These 
impurities are compounds such as SiO2 (JCPDS No. 89-1668), MgO (JCPDS No. 82-1690), and ZnO 
(JCPDS No. 79-2205). 

XRD characterization can be known lattice parameters such as the distance between layers (d002 and 
d100), the height of the microcrystalline layer (Lc) and the width of the microcrystalline layer (La) 
according to Table 1. The lattice parameters were evaluated using Braggs law and the Debye-Scherer 
equation [32]. According to Kumar et al. (1999) The value of Lc is inversely proportional to the 
specific surface area, where the smaller Lc exhibit a large surface area [33,34]. This affects the 
performance of the electrodes and the storage capacity of the supercapacitor. These results are similar 
to studies of activated carbon from different biomass [35,36]. 
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Table 1. X-ray diffraction angle, interlayers spacing and microcrystalline dimensions of Solanum 
Tuberosum L. activated carbon  

Sample 
code 

2θ002 
(°) 

2θ100 
(°) 

d002 
(Å) 

d100 
(Å) 

Lc 
(Å) 

La 
(Å) 

ST-0.1 25.754 43.932 3.456 2.059316 19.431 55.400 
ST-0.3 25.529 44.634 3.486 2.028543 11.612 19.544 
ST-0.5 25.529 44.634 3.486 2.028543 14.149 9.090 

 
CV is the main characterization to determine the performance of supercapacitor cells because it can 

determine the electrode storage capacity along with its energy density and power density. This 
characterization is below the potential window of 0 - 1000 mV with a constant scan rate of 1 mV s-1. 
Carbon electrodes in an aqueous electrolyte of 1 M H2SO4 are assembled on a supercapacitor cell body 
of acrylic material. The symmetrical electrodes are separated by a thin separator to prevent electrical 
contact. The results of the characterization of this method in the form of a distorted rectangular curve 
[37,38]. The area of the resulting curve can be a determinant of the capacitance value, where the larger 
the CV curve area will produce a high capacitance. 
 

 
Figure 5. CV curve of Solanum Tuberosum L. activated carbon electrode 

  
Based on Figure 5, the ST-0.3 sample has the largest surface area of the CV curve. This indicates 

that the ST-0.3 sample has a larger storage capacity than the ST-0.1 and ST-0.5 samples. Based on the 
CV test, the highest specific capacitance value was obtained in the ST-0.3 sample with a value of 
195.03 F g-1. While samples ST-0.1 and ST-0.5 have specific capacitances of 82.82 F g-1 and 147.03 F 
g-1. The capacitance value increases with the increase in the concentration of ZnCl2 activator 0.1M to 
0.3M which is able to increase the capacitance more than double. Meanwhile, the addition of further 
activator concentration can disrupt the optimum condition at a concentration of 0.5M so that the 
capacitance decreases again. The capacitance values obtained from the ST-0.3 and ST-0.5 samples are 
not too much different. This is due to the pseudocapacitance that can be seen in the CV profile which 
has an effect on increasing the conductivity of the sample [39,40]. Pseudocapacitance is owned by 
samples ST-0.3 and ST-0.5 in the highest voltage and inrush current range at ST-0.3. The ST-0.3 
sample occurs in a longer voltage range of 0.28 - 0.9 V, while in the ST-0.5 sample occurs in the    
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0.25 - 0.8 V voltage range. This also causes the ST-0.3 and ST-0.5 samples to have capacitance values 
that are almost the same and higher than ST-0.1. 
 

 
Figure 6. (a) CV curve based on difference in scan rate and (b) Specific capacitance vs.  

scan rate of all variations 
 

Based on Figures 6 (a) and (b), the scan rate is inversely proportional to the specific capacitance 
produced. Where a low scan rate of 1 mV s-1 can produce a large capacitance in the supercapacitor. 
This is due to the low scan rate which takes longer to complete the charge and discharge process. This 
provides freedom for the dissociated ions to diffuse to fill the carbon pores longer. The optimization of 
the carbon pore filling certainly gives an increase in the storage capacity of the porous carbon 
electrodes. 

The measurement of electrochemical properties was continued using the Galvanostatic Charge 
Discharge (GCD) method with a current density of 1 A g-1 and a scan rate of 2 mV s-1. There are three 
types of GCD measurement curves, namely an isosceles triangle curve which is the ideal type of GCD 
measurement that shows the EDLC properties of carbon samples. This ideal type indicates that the 
time required for the charge process is the same as the discharge [41,42]. The second type is an 
imperfect isosceles triangle which is indicated by a straight vertical line due to internal resistance. The 
third type is a triangle with one curved side and has internal resistance, where this curved line 
indicates the presence of a pseudocapacitance due to a surge in the current increase in a certain voltage 
range [43,44]. The length of time required for the discharge process indicates an increase in the value 
of the specific capacitance. 
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Figure 7. The GCD profile of Solanum Tuberosum L.  

 
Based on Figure 7 the difference in capacitance values produced from samples ST-0.1, ST-0.3 and 

ST-0.5 is influenced by differences in the concentration of the activator given. Where the 
concentration of activator ZnCl2 0.3M produces the highest specific capacitance value, namely 223.25 
F g-1 which is indicated by the length of discharge time, the presence of sudocapacitance and internal 
resistance of potato peel carbon waste samples. While the decrease and increase in concentration from 
the optimum state can reduce the capacitance value. Where samples ST-0.1 and ST-0.5 have 
capacitance values of 145.13 F g-1 and 174. 08 F g-1, respectively. This value confirms a decrease in 
the thermal resistance of the electrode due to the addition of mesoporous which supports the smooth 
diffusion of ions [45,46]. 
 
 

 
Figure 8. The Ragone of Solanum Tuberosum L.  
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Figure 8 shows a graph of the relationship between energy density and power density measured by 
the GCD method. Where the sample ST-0.3 has the highest energy density and power density which is 
influenced by the specific capacitance produced. 
 
4. Conclusion 
Potato peel waste has been successfully treated and characterized as the basic material for 
supercapacitor carbon electrodes. This synthesis that does not require additional adhesives material is 
an advantage in its processing. Simple and cost-effective methods can increase the use value and sale 
value of potato peel waste. Different concentrations of ZnCl2 in chemical activation process can 
produce different energy storage capacities for each variation. Testing of electrochemical properties 
using two-electrode system in 1M H2SO4 liquid electrolyte at a voltage of 0-1000 mV and a constant 
scan rate of 1 mV s-1. Different concentrations of ZnCl2 activator 0.1M, 0.3M and 0.5M can produce 
the highest specific capacitance at its optimum conditions. Furthermore, the optimum capacitance of 
supercapacitor from potato peel waste was obtained on sample ST-0.3 ZnCl2 activator 0.3M with a 
specific capacitance of 195.66 F g-1, energy density 27.18 Wh kg-1 and power density 97.93 W kg-1. 
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