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Abstract

High-performance carbonaceous electrode materials for supercapacitors were
synthesized by subjecting corn starch to a simple molten salt activation
process with K,CO; at a temperature of 850°C. The resulting carbon material,
obtained after activating for 1 hour, displayed excellent capacitive properties
due to the synergistic effects of its porous structure. Utilizing these electrodes,
the supercapacitor exhibited a high discharge capacitance (248 F gt at 1 A
g™'), which is 2.4 times higher than that of activated carbon without K,COs
activation. The enhancement in electrical performance was analyzed through
SEM and XRD analysis, revealing that the porous and disordered structure
provides a greater number of charge storage sites, resulting in improved ca-
pacitive performance.
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1. Introduction

In recent years, with the rapid development of the global economy and popula-
tion growth, the depletion of non-renewable fossil fuel resources such as coal
and oil has become increasingly severe, posing a serious crisis to the sustainable
development of modern society [1] [2] [3]. Therefore, the development and effi-
cient utilization of clean and sustainable energy sources, such as solar energy
and wind energy, are considered the most promising solutions to address these
challenges. However, the efficient utilization of these energy sources often re-
quires advanced energy storage systems. Supercapacitors, as a new type of ener-

gy storage device, have attracted great attention due to their long cycle life
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(>100,000 cycles), high charge-discharge efficiency, high power density, and ex-
cellent low-temperature performance [4] [5]. Based on their different energy
storage mechanisms, supercapacitors can be divided into two categories: electric
double-layer capacitors (EDLCs) and pseudocapacitors [6] [7]. In the case of
EDLCs, the charge is stored through the electrostatic interaction of ions adsorbed
near the surface of the active material. On the other hand, pseudocapacitors
store/release energy through redox reactions, ion insertion/squeezing, and poten-
tial deposition. Compared to pseudocapacitors, EDLCs have lower energy densi-
ty but exhibit better stability, higher cycling efficiency, and faster charge-discharge
rates. The performance of supercapacitors is highly dependent on the choice of
electrode material. Carbon-based materials are commonly used due to their ex-
cellent electrical conductivity, favorable physical-chemical stability, large specific
surface area (SSA), and adjustable porous structures [8] [9] [10]. Among the
various carbon-based electrode materials, biomass-derived carbon materials are
considered promising candidates. They offer several advantages, including abun-
dant renewable sources, low cost, self-doping with heteroatoms, and high capaci-
tive performance [11] [12]. To date, numerous biomass-derived carbon mate-
rials have been reported [13]-[17].

Starch is widely recognized as an affordable, easily purified, and readily avail-
able carbon source. Extensive research has been conducted on the reactions of
starch, allowing for easy control and manipulation. On the other hand, com-
monly used strong acid and alkali activators have strong corrosiveness to equip-
ment. Herein, porous carbon materials were prepared by one-step method using
discarded corn starch (CS) as carbon sources and neutral salt K,CO; as activator.
The prepared porous activated carbon exhibits excellent supercapacitive perfor-
mance, providing a new avenue for the efficient resource utilization of starch

waste in the future.

2. Experimental Method
2.1. Preparation of CSs

The corn starch was bought from Shandong Hengren Industry and Trade Co.,
Ltd. First, corn starch was transferred to a tube furnace at 500°C for 1 hour with
an increasing rate of 10°C/min. After that, the sample is divided into two parts,
one without activator, and the other with K,COs added in a 1:2 mass ratio. Then
both samples were transferred to a tube furnace at 850°C for 1 hour with an in-
creasing rate of 10°C/min. Lastly, the sample with K,COs; was obtained by using
0.5 molar diluted hydrochloric acid (HCI) for cleaning and deionization, and
this sample was named CSK850. The sample that has not been activated by an

activator is named CS850.

2.2. Characterization

The morphology and phase structure of CS850 and CSK850 samples were cha-
racterized by scanning electron microscopy (SEM, GeminiSEM 500), and X-ray
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diffraction (XRD, Cu Ka, 1.5418 A), respectively.

2.3. Electrochemical Measurements

Cyclic voltammetry (CV) curves were measured at different scan rates of 5, 10,
20, 40, and 60 mV/s. Galvanostatic charge-discharge (GCD) curves were studied
at various current densities of 1, 2, 5, 10, and 20 A/g. All electrochemical mea-

surements were conducted using the CHI660e electrochemical station.

3. Results and Discussion

Figure 1 shows the SEM images which demonstrated the morphology and mi-
crostructure of the CS850 and CSK850 samples. The carbon material directly
pyrolysis of corn starch is blocky, and it is almost no porous structure on the
surface of the material (Figure 1(a)). After activation with K,CO;, the sample
CSK850 exhibits a porous structure as shown in Figure 1(b).

In order to further study the crystal structure of the sample, XRD tests were
conducted on CS850 and CSK850 samples. As shown in the spectrum of Figure
2(a), two broad diffraction peaks were observed at 26 = 26° and 26 = 44°, cor-
responding to the crystal planes of graphite (002) and (100), indicating the
presence of certain graphite microcrystalline structures in activated carbon

(amorphous carbon) [18]. With the use of activators, the peak intensity weakens

at 20 = 44° due to the large number of pores generated by activation, which
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Figure 1. SEM images of (a) CS850 and (b) CSK850 samples.
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Figure 2. XRD patterns for CS850 and CSK850 samples.
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destroys the graphite microcrystalline structure in the sample and reduces the
degree of graphitization of the material (Figure 2(b)). This also proves the acti-
vation effect from another aspect, which is consistent with the SEM analysis re-
sults in Figure 1.

Cyclic voltammetry is a widely adopted and succinct testing technique for in-
vestigating the electrochemical performance of supercapacitors. By analyzing the
characteristics of the cyclic voltammetry curve, researchers can gain insights into
the redox reactions occurring on the electrode. The electrochemical characteris-
tics of CS850 and CSK850 samples were examined in a three-electrode system
using a 6 M KOH solution. The cyclic voltammogram at different scan rates was
presented in Figure 3. In Figure 3(a), it can be observed that the corn-based ac-
tivated carbon, which was not activated with K,COs;, demonstrates excellent
symmetry. Its curve shape resembles that of a rectangle and shows no signs of

oxidation peaks. This suggests that the electrode possesses minimal pseudo
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Figure 3. CV curves at various scan rates for samples (a)
CS850 and (b) CSK850.
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Figure 4. GCD curves at various current densities for sam-
ples (a) CS850 and (b) CSK850.

capacitance and falls under the category of a typical double layer capacitance.
After activation with K,COs, the voltammetry curve has an irregular rectangular
shape. Moreover, it is apparent that the area bounded by the CV curve of CSK850
is much larger than that of CS850. This discrepancy can be attributed to the hie-
rarchical porous structure and increased disorder resulting from K,COs; reactiva-
tion. As a result, the CSK850 sample exhibits substantially higher capacitance
when compared to the CS850 sample.

Figure 4 showcases the galvanostatic charge-discharge (GCD) curves obtained
from all samples at different current densities. Each sample exhibits a distinctive
symmetrical triangular-shaped plot, indicating excellent electrochemical reversi-
bility. By using the constant current charging and discharging method to calcu-
late the specific capacity. The specific capacitances of the CS850 sample are 102,
81, 70, 65 and 56 F/g at a current density of 1, 2, 5, 10 and 20 A/g, respectively,
and the CSK850 show the specific capacitance of 248, 180, 125, 80 and 60 F/g at
the same current density. The CS850 sample by K,COs reactivation exhibits

much higher charge/discharge time and specific capacitance, which is consistent
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with the cyclic voltammetry test results. In comparison to CS850 without K,COs
activation, CSK850 possesses a greater abundance of pore structures and a sig-
nificantly higher specific surface area. As a result, CSK850 offers a larger number
of charge storage sites compared to CS850 samples, leading to enhanced capaci-
tive performance of CSK850 samples.

4. Conclusion

This study successfully synthesized porous carbon by utilizing waste corn starch
as a carbon source and employing a one-step activation method with K,COs. The
activation conditions of this method are gentle, and the reaction process is easily
manageable, resulting in reduced energy consumption and equipment corrosion
when compared to the use of KOH activators. The resulting porous carbon exhi-
bits a plentiful three-dimensional pore structure. When employed as an elec-
trode material for supercapacitors, the porous carbon synthesized in this study
demonstrates a remarkable capacity of up to 248 F/g at a current density of 1
A/g. This performance is 2.4 times higher than that of the non-activated materi-
al. The experiment validates the simplicity and feasibility of the method utilized
in this study, which also involves the recycling of biomass waste. The utilization
of biomass waste not only holds significant environmental value but also presents

promising applications in the field of supercapacitors.
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