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Abstract. The natural pore structure of corn stalk core potentially contributes as a basic
material for activated carbon. The activated carbon from a combination of chemical and
physical activation is presented for capacitive energy storage. The chemical activation was
carried out using 0.4 M KOH followed by pyrolysis process up to 600°C in an N,
atmosphere. The physical activation was conducted at various temperatures such as 600°C,
700°C, and 800°C with a CO, gas flow rate of 10 mL/min. Supercapacitor cells were made
from carbon electrodes of corn stalk core, 316L stainless steel as the current collector, duck
eggshell as the separator, and 1 M H,SO,; as the electrolyte solution. The physical
properties of carbon electrodes were characterized by identifying the density, surface
morphology and chemical structure of carbon. The density value was obtained based on the
mass, thickness, and diameter of the carbon electrode. The lowest density was found at the
activation temperature of 700°C which has the potential to produce the best performance in
supercapacitor cells. SEM was used to characterize the surface morphology. The activation
temperature of 700°C showed the formation of irregular structures and provided large pores
for the diffusion of electrolyte ions into the carbon matrix. The FTIR characterization was
used to determine the carbon chain elements which formed double layers in supercapacitor
cells. The electrochemical properties of supercapacitor cells were tested using cyclic
voltammetry. Specific capacitances at the activation temperature of 600°C, 700°C, and
800°C were 90 Fg-1, 108.92 Fg-1, and 44.875 Fg-1, respectively. These results showed that
the activation temperature of 700°C was the best temperature in the preparation of
supercapacitor electrodes from corn stalk core as the biomass material.
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Introduction

Supercapacitors are renewable energy which has high power density and long life-cycle and

capable of storing greater electrical energy than conventional batteries and capacitors [1-7].

Based on the storage mechanism, supercapacitors are divided into two types, namely

electrochemical double-layer capacitors (EDLC) and pseudo-capacitors. EDLC works at the
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interface of electrodes and electrolytes, produces electrostatic attraction for accumulated load

charge and discharge on double layer [8], while pseudo-capacitors originate from redox

reactions in the electrodes [9].

Conductive polymers and metal oxides can be used as electrode materials. Both have a high
surface area and specific capacitance, but poor conductivity and stability [10]. Activated carbon
is widely used as a supercapacitor electrode material because of several reasons, such as good
physical and electrochemical properties, widely available, low prices, and easier preparation
methods [11]. One of the activated carbon materials is biomass waste. In addition to the
increasingly limited reserves of fossil fuels, the selection of biomass is beneficial because its
preparation is easy, inexpensive, and potentially provides porous carbon with good

electrochemical capacitive performance.

Corn Stalk Core (CSC) is immensely good to be used as an electrode material of activated
carbon because it contains high lignocellulose. CSC also has a porous foam-like texture. The
natural porous texture has the potential to provide carbon with a large surface for electron
transfer and short way for ion diffusion in the carbon matrix. Several studies have been
conducted on the utilization of corn biomass waste as activated carbon materials, such as corn
cobs [12], corn husk [13], and corn leaves [14].

The preparation of activated carbon electrodes also has an important role in converting cellulose
into activated carbon. The preparation process of activated carbon consists of two stages: (1)
chemical activation using KOH as an activating agent followed by pyrolysis process up to a
temperature of 600°C; and (2) physical activation by flowing CO, oxidizing gas. The selection
of CO, as an activating agent is suggested because it is more economical. Furthermore, the
reaction that occurs is an endothermic reaction, so it would be easier to control, cleaner, and
better used on a laboratory scale. The activation temperature influences the formation of pore
structures of the activated carbon produced. Therefore, this study focused on the effect of

different activation temperatures.

2 Materials and Methods

The initial step of the research was preparing the basic materials of activated carbon electrodes.
First, corn stalks were stripped from the leaves and outer skin. CSC was then cut to a size of
+5mm and pre-carbonized to a temperature of 250°C. The refining process of pre-carbonized
CSC used mortar and ball milling for 4 hours followed by sieving process so that the grain size
<100 pm was obtained. The chemical activation of the CSC pre-carbonized powder using 0.4
M KOH was stirred on the hotplate for 3 hours and neutralized to pH close to 7. The powder
obtained from the chemical activation was then formed into a pellet using hydraulic hack with a
pressure of 8 tons. CSC pellets were pyrolyzed using furnace in an N, gas environment up to a

temperature of 600°C followed by integrated physical activation using CO, gas with a gas flow
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rate of 1.5 liters/minute and a temperature rise rate of 10°C/minute. Variations in the activation

temperatures were 600°C, 700°C, and 800°C.

Electrodes were polished using P1200 sandpaper up to a thickness of £ 0.02 mm and washed
until the pH of the pellet was close to neutral (pH~7). Fabrication of supercapacitor cells was
started by soaking the CSC carbon electrodes into 1 M H,SO, for 48 hours. The materials used
in the preparation of supercapacitor cells include supercapacitor bodies made of acrylic, two
CSC carbon electrodes, current collectors (316L stainless steel), separators (duck eggshell), and
1 M H,SO, as the electrolyte solution. Afterward, the materials were arranged to form a

sandwich.

The physical properties of the carbon electrodes tested were density, surface morphology, and
the carbon chain structure of activated carbon. Density was obtained from the measurement of
mass, diameter, and thickness of carbon electrodes before and after activation. The surface
morphology was obtained from electron scanning microscope characterization using the
SUPRA S-3400N with 1,000X and 20,000X magnifications. On the other hand, the carbon
chain structure of activated carbon was determined with the Fourier-infrared transformation
characterization using IRPestige-21 SHIMADZU.

The electrochemical properties were tested by using Physics CV UR Rad-Er 5841 tool
controlled by Cyclic Voltammetry (CV) v6 software with a potential width of 0-500 mV and a
scan rate of 1 mVs™. The data were calculated to obtain the specific capacitance of the
supercapacitor cells using the equation:
_ (Ic_(_ld)
CSp - sXm (1)
where Cy, is specific capacitance (Fg-1), I; is the charge current (A), Iq is the discharge current

(A), s is the scan rate (mVs™) and m is the mass of the activated carbon electrode (g).

3 Result and Discussion

3.1. Physical Properties of Carbon Electrodes

The electrode density is closely related to the formation of pore structure, particle size, and
resistance produced when measuring supercapacitor cells. The formation of pore structures
occurs in the activation process. The density data before and after activation are shown in Figure
1. The electrode density values before activation were nearly the same for all temperatures
whereas there was a significant density decrease after activation. The decrease in density might
be caused by the removal of compounds other than carbon, termination of carbon chains, and
the formation of new pores. The highest decrease in density was produced by CSC700. Thus, it
can be said that 700°C is the optimum temperature in the formation and improvement of the

pore structures. A temperature higher than 700°C would increase the density. The increase
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occurs because particles that have been formed will be damaged and cover existing pores [15].

The increase in density can reduce the porosity of activated carbon, so the specific capacitance

produced decreases [16].
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Figure 1. Graph of changes in the average density of CSC carbon electrodes before and after
activation.

The morphology and microstructure of CSC700 were characterized using an electron scanning
microscope. The morphological and microstructure images of CSC700 are shown in Figure 2
with 1,000X and 20,000X magnifications. The microstructure of CSC700 was composed of
particles of various sizes while the surface was formed like a basin. The pore diameter sizes
ranged between 0.882 um and 2.316 pum. The pore functions in facilitating electrolyte ions to
penetrate the carbon matrix [17].
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Figure 2. The surface morphology of CSC700 (a) 1,000X magnification; and (b) 20,000X

magnification.

The carbon chain structure of CSC700 was analyzed by using Fourier-infrared transformation
spectroscopy in the wavenumber range of 400-4000 cm™. Spectral peaks shown in Figure 3 are
the specific characteristics of activated carbon spectrum [18]. There are many O-H functional
groups in the wavenumber range of 2900-3600 cm™. The C-H functional group detected
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stretching vibrations at wavenumber 2877 cm™ and 860 cm™ [19]. The activation process has

also formed stretching vibrations C=C at peaks of 2131 cm™ and 1521 cm™. The C=C aromatic
ring is a constituent of the hexagonal structure of activated carbon. Further, there is a C-N
functional group at the wavenumber 1311 cm™ [20]. This C-N arises because a reaction occurs

between the N, activating agent and the carbon produced.
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Figure 3. Carbon chain structure of CSC700.
The carbon chain structure test results showed a highly complex surface of activated carbon.
The resulting carbon chain has a role in the formation of a double layer in supercapacitor cells.
The functional group above is hydrophilic and has a role in acid and alkaline equilibrium in
supercapacitor cells when contact occurs between the surface of carbon electrodes with H* or
OHrions.

3.2. Electrochemical Properties of Supercapacitor Cells

The electrochemical properties of supercapacitor cells were tested using Cyclic Voltammetry
(CV). CV aimed to test the performance produced by supercapacitor cells. Data obtained from
CV measurements were then used to calculate the specific capacitance of supercapacitor cells
using Equation (1). The cell curve of supercapacitors based on the variations in the activation
temperature with a scan rate of 1 mVs™and a potential difference of 0-500 mV can be seen in

Figure 4.

The curve formed in Figure 4 resembles a rectangle. This is the ideal curve produced by the CV
test in supercapacitor electrodes. The largest 1-V curve area was produced by CSC700 carbon
electrodes while the smallest I-V curve area was produced by CSC800. This result is influenced
by the shape of the particles and the porosity of the samples. Furthermore, these results are in
accordance with the data of the produced density. The charge and discharge process are also

influenced by the pore conditions of the sample.
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The charge process is characterized by the upper curve while the discharge process is marked on

the bottom curve. The measurement data of the current charge (Ic) and discharge (Id), and the
calculation of Csp values are presented in Table 1. Specific capacitances produced at a scan rate
of 1 mVs-1by CSC600, CSC700, and CSC800 samples were 89.5 Fg-1, 108.9 Fg-1, and 44.6
Fg-1, respectively. The magnitude of this specific capacitance is influenced by the lIc-Id curve
size formed in the activated carbon samples.
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Figure 4. The CV curve of CSC carbon electrodes
Table 1. Data obtained from the CV test.
Ic lg S Csp
Sample Code  Mass () (A) (A) (Vs™) (Fg™h
IBJ600 0.0255 0.001329 -0.000954 0.001 89.5
IBJ700 0.0270 0.001479 -0.001462 0.001 108.9
I1BJB00 0.0240 0.000619 -0.000451 0.001 44.6

The specific capacitance produced by CSC600 was quite high. The formation of pores is still
relatively small at 600°C. This is characterized by small changes in density before and after
activation. However, in the activation at 700°C, the specific capacitance increased. The increase
in specific capacitance is due to a significant density decrease and more pores shown in the
electron scanning microscope characterization. The formed pores help during the charge and
discharge process so that electrolyte ions will diffuse well into the carbon matrix [17]. The
results of pore formation produced the highest capacitance value for CSC700 carbon electrodes.
In contrast, CSC800 had the lowest specific capacitance value. This happens because when the
temperature increases, the formed pores damage some pores and close other pores, so the
transport of ions into the carbon matrix is inhibited [15].



Journal of Technomaterial Physics Vol. 1, No. 1, 2019 | 23 -30 29
4 Conclusion

The fabrication and characterization of supercapacitor cell electrodes from CSC with various
activation temperatures were conducted. Electrochemical measurements showed that CSC700
had a good capacitive performance by producing the highest capacitance value with 108.9 Fg-1.
This result is also supported by the physical properties of supercapacitor electrodes. The lowest
density was produced by CSC700 which had an effect on the amount of specific capacitance.
The surface morphological characteristics showed that CSC700 pores were numerous and
varied with sizes ranging from 0.882 um to 2.316 um. The carbon chain structure of CSC700
also helps in the formation of a double layer in supercapacitor cells. In conclusion, 700°C is the
optimum activation temperature for the preparation of supercapacitor from CSC carbon

electrodes.
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