Journal of Renewable Energy, Electrical, and Computer Engineering
Volume 5, Number 1, March 2025. 106-110
elSSN 2776-0049

Research Original Article DOI: https://doi.org/10.29103/jreece.v511.20250

Surface Modification of Carbon Nanotubes (Cnnts) as Electrode of
Hybrid Energy Storage Device (Supercapacitor)

Mutia Reza™1, Memik Dian Pusfitasaril, Lusi Ernawatil, Thalia Winda Sari2, Ranti Kusuma Wardhani2, Novi
Sylvia3, Inggit Kresna Maharsih#

1Department of Chemical Engineering, Institut Teknologi Kalimantan, Balikpapan, 76127, Indonesia,
mutia.reza@lecturer.itk.a.id ; memik.dp@lecturer.itk.ac.id ; lusiernawati@lecturer.itk.ac.id

2Undergraduate School of Engineering, Institut Teknologi Kalimantan, Balikpapan, 76127, Indonesia,
05211084@student.itk.ac.id ; 05201073@student.itk.ac.id

3Department of Chemical Engineering, Malikussaleh University, Lhokseumawe, 24351, Indonesia,
novi.sylvia@unimal.ac.id

4Department of Bioprocess Engineering, Universitas Brawijaya, Malang, 65145, Indonesia, ikmaharsih@ub.ac.id
HCorresponding Author: mutia.reza@lecturer.itk.ac.id | Phone: +6281350459767

Received: December 21, 2024 Revision: January 15, 2025 Accepted: March 10, 2025
Abstract

Supercapacitors have an advantage in the form of a higher specific capacitance than conventional capacitors. This
alternative is the right idea if it is used to solve the problem of using hybrid energy storage demand. This study aims
to analyze the variation in the ratio between activator and carbon nanotubes (Cnnts) that function as electrodes.
Electrodes are one of the constituent components of supercapacitors, so they are important to review. Electrodes in the
form of Cnnts activated using H»SO4 and HNO; were analyzed through SEM and FTIR characterization. The
activation process produces mesoporous size on the electrode. The activation method is also able to form aromatic
compounds that are important for heat stability and electrical conductivity.
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Introduction

The supercapacitors, known as a hybrid energy storage system (HES System), have an important role in ensuring energy
consumption and preserving a clean environment. The use of supercapacitors that are integrated directly with lithium-
ion batteries can extend the life of these batteries. This is evident that supercapacitors make a real contribution as a
solution to reducing Lithium-ion battery waste which is identified as hazardous waste (Universal Eco.id, 2024).
Supercapacitors have higher energy density and the best performance efficiency when compared to conventional
capacitors (Testbook.com, 2024).

The performance of supercapacitors is judged by the charging and discharging process which is quite short because
it only occurs on the surface of the electrode-electrolyte. On the basis of this short charging and discharging rate,
supercapacitors are suitable for use in portable devices that are easy to charge as needed. Interesting applications of
supercapacitors to observe are applied to household devices (Hernandez et al., 2021; Karunanithi et al., 2022), mobile
phones (Reddy et al., 2018), and electric vehicles (Zhang et al., 2020; Song et al., 2014; Guo et al., 2023; Atvare et al., 2023).
Of course, these applications have different capacitance requirements. Increasing capacitance requirements require
supercapacitors to be continuously developed. The development that has been carried out is the basis that the use of
supercapacitors as energy storage is promising for a long period of time.

A number of studies have been carried out by previous researchers with the aim of improving the performance of
supercapacitors in terms of capacitance value. As far as the author's observations, the efforts that have been made
include variations in the type of electrode used (Forouzandeh et al., 2020; Arumugam et al., 2023), activation of biomass-
based activated carbon as an electrode (Emriadi, 2020), variations in operating conditions and activator concentrations
during activated carbon synthesis (Prasetya et al., 2019; Rahmah et al., 2017), analysis on the type of electrode and
electrolyte (Sharma et al., 2020; Shah et al., 2024). Natural and synthetic carbon-based electrodes are known to have less
impact on the environment. Therefore, researchers are deepening the analysis of carbon-based electrodes. Previously,
researchers have observed the characterization of activated carbon from kepok banana peel biomass (Reza et al., 2022).
Activated carbon, which acts as an electrode for electrical energy storage, must have a pore size of up to nanometers.
Based on this consideration, the researchers continued to observe the electrode of Cnnts activated using H>SO, and
HNO; compounds.

Materials & Methods

In principle, the stages of the research as shown in Figure 1 include the preparation of Cnnts (Jiangsu XFNano Materials

106


mailto:mutia.reza@lecturer.itk.a.id
mailto:memik.dp@lecturer.itk.ac.id
mailto:05211084@student.itk.ac.id
mailto:05201073@student.itk.ac.id
mailto:novi.sylvia@unimal.ac.id
mailto:ikmaharsih@ub.ac.id
mailto:mutia.reza@lecturer.itk.ac.id

Journal of Renewable Energy, Electrical, and Computer Engineering, 5 (1) (2025) 106-110

Tech Co., Itd, Nanjing, China), activator solution in the form of H, SO, and HNOj; (Sumber Ilmiah Persada,
Surabaya, Indonesia), activation process, pH neutralization and drying. Characterization was performed using FTIR
(Thermo Fisher Scientific) and SEM (FEI Quanta FEG 650) to analysis the characteristic after activation.
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Figure 1. Activation Stages

Preparation of Cnnts Material

A total of 1 gram of Cnnts was activated at 80°C for 4 hours. The activator solutions were H,SO; and HNOs with a
concentration of 1M respectively. The ratio between Cnnts and activator solution used is 1:4, 1:6, and 1:7 as stated in
Table 1. The variation of ratio aims to observe the difference in characterization of Cnnts. The Cnnts purification stage
was continued by separating the Cnnts from the activator solution. Cnnts were rinsed using distilled water until
reaching a stable pH and heated at 110°C for 1 hour. The temperature usage will ensure that the remaining distilled
water in the rinsing process will evaporate completely, so that the sample reaches an optimum dry condition. This dried
material is referred to as an electrode which is then characterized (Imelda et al., 2019; Mathias, 2022).

Table 1. H»SO4and HNO; Solution Ratio Comparison

Type of activator Ratio Volume (ml)
1:4 28
H>SO4 1:6 42
1.7 49
1:4 22
HNO3 1:6 3.3
1.7 3.8

Characterization Phase

The electrodes were analyzed with SEM and FTIR characterization. This step aims to evaluate the results of each
variable, including the changing functional groups and surface morphology of the activated samples. The data obtained
were observed for changes in the chemical and physical properties based on the results of the test.

Fourier Transform Infra Red (FTIR)

Characterization of functional groups is done through the Fourier Transform Infrared (FTIR) method, which
simplifies the identification of chemical changes in molecular structures. This FTIR technique is used for qualitative
analysis to determine chemical bonds based on vibrational spectra formed in chemical compounds with a wavelength
range of 400-4000 cm-!. Deutratef Triglycine Sulfate (DTGS) detector with reading through KBr pellet is used in this
process. The test aims to detect changes in molecular structure based on the sorption of infrared light by the material.
The infrared radiation exposed to the sample is measured and produces a spectrum that describes the chemical
composition and molecular structure. The FTIR method enables in-depth identification of functional groups by
comparing the spectra obtained against a reference database of infrared spectra of various materials. Through Fourier
Transformation, the spectral information is converted into optical signals, which are then translated into spectra to
identify changes in functional groups and molecular structures in more detail (Nugraha, 2021; Putri, 2020).
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Scanning Electron Microscopy (SEM)

Surface morphology analysis was performed using a Scanning Electron Microscope (SEM) to obtain detailed
visualization of changes in the topography and surface structure of the material. SEM utilizes an electron beam that is
scanned regularly across the surface of the sample, resulting in an image that is magnified up to 300,000 times. High-
energy electrons are emitted from an electron gun, focused with a magnetic lens, and scanned over the surface of the
specimen. The signal generated from the interaction of the electrons with the sample is collected by a detector, converted
into an electrical signal, and processed into an imaging. SEM displays only the surface of the sample without color, but

provides three-dimensional visualization. The scale bar on the SEM image is used to calculate the size of the features in
the image (Rahmawati et al., 2020).

Results and Discussion

Fourier Transform Infra Red (FTIR) Analysis

The FTIR spectrum shown in Figure 2 shows that Cnnts before activation (pure Cnnts) has absorption bands at 3427
cm-' and 1636 cm-' . After activation, there is a significant displacement in these absorption bands. Cnts that have been
activated using HNO3 solvent (1:4) show absorption bands at 3443 cm-! and 1621 cm-'. The absorption band in the

range of 3423-3443 cm-!' according to Table 2 indicates the presence of hydroxyl groups (O-H), which indicates an
increase in oxygen content on the surface of Cnts (Salmawati, 2016).
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Figure 2. FTIR Spectrum
Table 2. Wave Number of Cnnts
Sampling Wave Number (cm?)
Cnnts before activation 3427,1636
HNO; 1:4 3443, 1621
HNOs 1:6 3787, 3420, 1628
HNO; 1.7 3434, 2919, 2325
H,S0,4 1:4 3794, 3430, 1630, 1170
H,S041:6 3790, 3423, 2916, 2320, 1727, 1168
H,S0,4 1:7 3794, 3430, 2322, 1629

Activation using HNOj; solution (1:6) resulted in an increase in hydroxyl and aldehyde (C=O) groups, and
indicated the formation of aromatic compounds important for heat stability and electrical conductivity (Farnane et al.,
2022; Yuan.Z., et al., 2023). Activation using H. SO, solution (1:6) showed a significant increase in acidic groups on the
activated carbon surface, with an absorption band around 3787 cm-' , indicating the presence of aldehyde groups (CH-
R). The 3787 cm-! absorption band shows that H, SO4 is more effective in enriching the oxygenation properties of
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carbon, which is crucial in increasing surface area and energy storage capacity. Overall, FTIR analysis shows that
chemical activation of Cnnts using H, SO, and HNO3; solutions, increases the number and variety of functional
groups. This contributes to the increase in surface area, porosity, as well as energy storage capacity in supercapacitor
applications (Kim et al., 2023).

Scanning Electron Microscopy (SEM) Analysis

Activation of Cnnts using HNOs and H2S0. solutions is important in modifying the pore distribution and size,
thereby improving the morphological characteristics and performance of the material in energy storage applications. The
activation process is used to expand the pore size, as shown in Figure 3. Table 3 displays the pore size of Cnnts
calculated using the Image] application which displays the average value of pore diameter in various samples. The pore
sizes of Cnnts before and after activation (HNOs and H:SOs ratio 1:6) were 26.303 nm, 30.104 nm and 42.175 nm,
respectively. Chemical activation aims to open more pores, so as to increase interaction with energy molecules and ions.
This morphological analysis can be seen using SEM, where the variation in the diameter of the Cnnts is clearly visible
after going through the activation process. This activation is important as the larger surface area allows for higher energy
absorption. In general, pores in carbon materials are divided into three categories: micropores (<2 nm), mesopores (2-50
nm), and macropores (>50 nm). Cnnts that have been activated are likely to have a higher proportion of mesoporous
pores. This condition is ideal for supercapacitor applications, as mesopores allow efficient absorption and release of ions,
as well as accelerate charge transfer in the electrode. Study results show that mesoporous pores also contribute to
improved electrochemical performance through capacitance and cycle stability during charge and discharge (Zhu et al.,
2019). The more open pore structure and larger surface area result in increased charge storage in supercapacitors and
facilitate the absorption and release of ions, which are closely related to maintaining capacitance stability during charge
and discharge cycles (Sa’diyah et al., 2020; Munawarah, 2010; Lu.X,, et al, 2020). Increasing the number of functional
groups on the surface of Cnnts through activation methods not only favorably affects the chemical properties of the
material, but also improves the conductivity and reactivity of the electrode. This makes the activated Cnnts suitable for
application as a supercapacitor electrode. The surface area porosity of the electrode is an indicator in storing electric
charge.

Tabel 3. Cnnts Pore Size

Variable Pore Size (nm)
Cnnts pure 26,303
HNO:s 1:6 30,104
H>50. 1:6 42,175

Figure 3. (a) Cnnts pure, (b)) HNO3 1:6, H, SO, 1:6

Conclusions
Cnnts activated using HNO3; and H. SO4 solutions with varying ratios produce different functional groups and
porosity. Electrodes activated with HNO3 and Hz SO, solutions in a ratio of 1:6 produce mesoporous porosity sizes.
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The activation method used is able to form optimal electrodes in the energy storage process applied to supercapacitor
devices.
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