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Abstract. Since energy storage is an essential component of global energy development, starting with
batteries, fuel cells, and supercapacitors, it is an important topic of particular concern. Supercapacitors
continue to be developed due to their high power density when compared to batteries, despite all of the
benefits and drawbacks of the three. Activated carbon (AC) is materials that frequently utilized as a
supercapacitor electrode due to the high surface area. Metal oxides such as manganese dioxide (MnO,)
with high teoritical specific capacitance which loaded in activated carbon will caused an improvement on
supercapacitors electrochemical performance. The composite was fabricated using blending method with a
mass difference of MnO,, then deposited on a porous Ni-foam substrate. Ni-foam pores play as main role
on the process of transferring electrolyte ions in the system so that the AC/MnO, has, resulting a
supercapacitor based AC-MnO, 15% nanocomposite with a gravimetric capacitance, energy density and
power density of 79 F/g at 1 A/g, W/kg and Wh/kg respectively. The cell could maintain up to 93% after

100 cycles.

1 Introduction

The rising demand for energy in past few decades has
led to major fossil fuel consumption and significant
environmental pollution issues [1], [2]. The world's oil
reserves are continuously being depleted as a result of
overexploitation, which has become a well-known
open secret in the energy sector. This is due to an
increase in the number of machines and vehicles being
produced that use oil as their primary energy source.
In line with the demands of contemporary society and
solve increasing ecological concerns, it is now crucial
to develop cheap, innovative, and eco-friendly energy
conversion and storage systems; this is why research
in this area is progressing so quickly [3].
Supercapacitor has drawn a lot of attentiveness in a
number of novel applications, including flexible and
wearable technology, power backup systems, and
electric  vehicles [4], [5]. Their outstanding
capabilities, such as extremely high power density,
long cycle life, ultrafast recharging, and eco-friendly
[6]-[9], have attracted much attention. They still have
a low energy density, which significantly limits their
commercialization. Therefore, it 1is extremely
beneficial to investigate high energy density
supercapacitors that will accommodate future energy
demands and as well as bearing in mind that batteries
have a higher energy density than supercapacitors, so
the possibility of combining the two in the future
should not be ruled out.
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The most frequently used material in supercapacitors is
activated carbon (AC), which has a large surface area (1000—
3000 m’g") and a relatively high packing density (0.3-0.6
gem™) [10]. Two significant drawbacks of AC materials,
however slow charge transfer and thelow electrical
conductivity of ACs (10-100 Sm™) remain in the way of
commercial AC-based supercapacitors ability to store energy
[11]. So, in order to make up for the shortcomings of AC,
other materials are required, such as transition metal oxides
(TMOs). The relatively high theoretical specific capacity of
TMO has raised interest through them as super capacitor
electrode materials [12]. Numerous TMO, including
ruthenium oxide (RuO,) [13], nickel dioxide (NiO,) [14],
molybdenum disulfide (MsO,), cobalt oxide (Co;04) [15],
manganese III oxide (Mn,03) [16] and titanium dioxide (TiO,)
[17], have been widely used as the active materials owing to
their high capacitance (above 1000 F/g) and superior charge
transfer process. However, although RuO, has a theoretical
specific capacitance of up to 2000 F/g, it has the drawbacks of
high cost and toxicity. [18]. NiO's high resistivity is a huge
handicap for super capacitors applications [19]. The main
concern of Co30; is related to its poor cycle life and structural
rigidity as a result of cycling-induced swelling and shrinkage
[20]. TiO, have received positive interest as cutting-edge
electrode materials in super capacitors, but they have low
capacitance and poor conductivity [21]. Hence, MnO,, a
significant TMO, is an excellent material for super capacitor
electrodes because it is inexpensive [22], environmentally
friendly [23], and has a high specific capacitance (1380 Fg™ of
theoretical specific capacitance) [24].
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In attempt to develop composites with superior
properties, this research will vary the weight mass of
MnOQ, incorporated to the AC material. The AC-MnO,
composite was synthesized using simple mixing
method and deposited onto nickle foam substrate.

2 Method

2.1 Nanocomposite AC-MnO, electrode paste
preparation

Electrode paste synthesis was carried out using a
simple mixing method, using commercially available
materials. Activated carbon (AC), carbon black (CB),
manganese dioxide (MnQO,), polyvinylidene fluoride
(PVDF), dimethylacetamide (DMAc), acetonitrile
(ACN), tetraethylammonium tetrafluoroborate
(EtyNBF,), were used without any purification. The
ratio Activated carbon and MnO,, Carbon Black and
polyvinilidene fluoride is 8:1:1. The weight mass of
MnO, used varied by 10, 15, and 20%. The composite
paste was made by dissolving PVDF and DMAc,
which was then slowly filled with activated carbon and
carbon black. At room temperature, the paste is then
stirred for an additional seven hours. After Ni-foam
substrate is sonicated for 1 hour with alcohol, it has to
be dried. Afterward, the previously used paste was
applied to Ni-foam with a constant amount throughout
all variations. After that, the electrodes were heated for
1 hour in 100°C.

2.2 Devices fabrication

A two-electrode system is used to measure the
performance of the electrodes by fabricate in coin cell.
The electrodes were first applied with a specific
amount of pressure before going to spend 24 hours
immersed in a 1M Et;NBF,/ACN electrolyte solution.
The coin cell is then assembled to generate a device
that is ready to be tested afterwards.

2.3 Characterization

The characterization used during the analysis
process includes X-ray diffractometer (PAN
Analytical X’pert PRO) to get structural information
such crystalinity, scanning electron microscopy
(Inspect S50) to determine the shape of MnO,, then
cyclic voltammetry (PGSTAT302N) and galvano
static charge discharge (Neware) to examine its
electrochemical performance.

2.4 Calculation

The gravimetric capacitance (C, F.g™), gravimetric
specific energy density (E, Wh.kg") and power
density (P, Wh.kg™) from the galvanostatic charge-
discharge was calculated using equation below.:
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where m is the mass of active material (g) on both
electrodes, | is the discharge current (A), t is the discharge
time (s), and V is the voltage (V), excluding the ohmic (IR)
drop.

3 Results and discussion

3.1 Structural analysis

XRD can be used to determine material structure. Figure 1
shows the MnO, and activated carbon XRD diffraction
pattern. MnO, and activated carbon's diffraction patterns both
show amorphous structures, which are indicated by the lack of

any sharp peaks remaining lot of irregular low peaks.
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Fig 1. X-Ray dissfractionpattern of activated carbon and MnO,

The X-ray diffraction pattern shows that MnO, has ramsdellite
peaks (y-MnQ,) at 26=37 °matching with the (021) plan [25].
On the other hand, activated carbon has weak peaks at 26=26°
and 44°. Based on the data above, its confirm that both
activated carbon and y-MnO,has an amorphous structures
[26].

Figure 2 shows the morphology of manganese dioxide as
determined by SEM analysis. MnO, is spherical with a
particle size of 4.2 nm

SU3500 3.00kV 5.9mm x10.0k SE
Fig 2. MnO, morphology through SEM analysis

3.2 Electrochemical performance

Two characterization methods, CV and GCD, can be used to
determine the electrode's electrochemical performance. An
organic electrolyte, 1M Et,;NBF,, was utilized. The maximum
voltage used for the test is 2 V. The results of the cyclic
voltammetry test are shown in Figures 3 and 4 below for each
cell.
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Fig 3. Cyclic curve of AC and AC-MnO, 10-15% at low
scan rate of 10 mV/s.

The cyclic curve confirm the composite's
electrochemical behavior. Over all varieties in weight
mass MnQO,, the CV curve has a semi-rectangular
shape. This exemplifies the characteristics of the
activated carbon-based EDLC material. However,
there was a defect in the CV curve when the 15 and
20% AC-MnO, composite electrode reached a voltage
0f 0.9 V. This tends to result from the properties of the
MnO,-derived pseudo capacitive material. The
characteristic behavior of EDLC-pseudo capacitance
work in the cell is demonstrated on Figure 4 below.
These deformations demonstrate that the electrolyte
and MnO2 undergo a redox reaction. Despite the fact
that activated carbon material makes up primary of the
electrode, this characteristic may indicate that an
addition of MnO, will affect electrode's
electrochemical behavior.
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Fig 4. lllustration scheme of EDLC and pseudocapacitance

behavior in AC-MnO, composite electrode with Ni-foam as

the substrate

The area of the curve in relation to its shape has an
impact on the electrode's performance as well. A wider
CV curve enhances the electrochemical system's
performance. The CV results in Figure 3 make it
clearly apparent that the addition of the MnO, material
significantly changes the area of the CV curve. The
15% AC-MnO, composite achieves the most optimal
area, demonstrating that it is the best, compared to the
others.
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Fig 5. Cyclic voltammetry curve of AC-MnO, 15% electrode in

different scan rate.

The stability of the electrode's electrochemical process is
assessed using the CV test in figure 5. However, as the scan
rate increases, the shape of the entire curve changes. At low
scan rates, the semi-quasi-rectangular shape is preserved.
When the scan rate is increased, the curve becomes more
pronounced at the edge because there isn't enough electrolyte
ion diffusion [27]. The electrochemical reaction struggles at
high scan rates because electrolyte ions are unable to pass
through the pores [28].

The GCD curve provides the electrodes electrochemical
properties. According to Figure 6, the discharge time increases
as MnQO, concentration rises to 15% for each weight mass
variation. This demonstrates good electrochemical properties.
However, the discharge time is reduced with the addition of
20% MnQO,, leading to the conclusion that 15% MnQO, is the
ideal MnO, composition.
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Fig 6. Charge discharge curve of AC-MnO, composite and activated

carbon eletrodes in different weight mass (10-20%).

According to equations 1, 2, and 3, the electrochemical
parameter of each composite were calculated and are
displayed in table 1 below.
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Table 1. Electrochemical parameter of AC and AC-MnO,
10-20% composite based on charge-discharge curve

calculation.
Gravimetric Energy Power
Sample capacitance density density
(F/g) (Wh/kg) (W/kg)
AC 58.61 7.05 68.01
AC-MnO,
10% 75.71 7.61 78.56
AC-MnO,
15% 79.08 9.14 94.79
AC-MnO,
20% 73.18 8.55 67.88
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Fig. 7. Comparation of the electrochemical parameter of each
MnO, weight mass

Figure 6 generates a graph from the
electrochemical parameter data in table 1 to make it
simpler to read the ideal electrode composite
composition. The 15% AC-MnO, coin cell
has superior gravimetric capacitance, 79.08 F/g. The
15% AC-MnO, composite had an energy density of
9.14 Wh/kg.
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Fig 8. Comparison of the current investigation's gravimetric

capacitance and energy density with a different research
study [29]-[32]

Figure 7 explicitly states that 15% AC/MnO, performs
significantly better than previous research. A hollow
Ni-foam substrate also supports for this good

performance as compared to the active material (figure
4).

This hollow structure strongly supports the electrode's
electrochemical process. The use of Ni-foam as a substrate has
many benefits due to its electrical conductivity and
outstanding mechanical flexibility. Ni-foam exhibits
outstanding stability as well as excellent corrosion and
oxidation resistance. [33]. Ni-foam offers excellent mass
transfer of the electrolyte with a relatively low contact
resistance and improves the effective electron transport for
supercapacitors [34]. These outcomes are consistent with
earlier research that used aluminum foil substrates with varied
th weight mass of MnO,. On aluminum foil substrate, 15%
AC-MnO, can be delivered power density of 85.44 W/kg [35].
This demonstrates that the performance of the device with Ni-
foam substrate is better to aluminum foil even though their
differences are relatively small.
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Fig. 9. Coulombic efficiency curve measured at 1 A/g for 100 cycles.

Figure 8 shows the coulombic efficiency of AC-MnO, 15%
device, measured at 1 A/g. The device could maintain up to
93% after 100 cycles, revealing an excellent electrochemical
performance.

4 Conclusion

Supercapacitors with activated carbon active material, as well
as composites with MnO, are able to produce good devices.
The most optimum electrochemical performance of
supercapacitor devices is achieved by 15% AC-MnO,
composite with gravimetric capacitance of 79.08 F/g. This
high performance is inseparable from the role of the Ni-foam
substrate which facilitates electrolyte transport to be faster.
The results of this study can help the researchers for future
research to create even better energy storage systems. The
outcomes of this study show that supercapacitors perform
excellently. It may be possible to create better energy storage
devices by combining supercapacitors with other energy
storage technologies, such as batteries.
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