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Abstract. Supercapacitors are gaining much attention as electrochemical energy
storage for their fast charging rates, high power density, good cycle performance,
quicker charge-discharge, longer device life, and abundant materials. According
to the storage mechanism, supercapacitors are divided into 3 types; EDLC (Elec-
tric Double Layer Capacitor), pseudocapacitor, and hybrid. Activated carbon is an
excellent candidate as the primarymaterial formakingEDLC supercapacitors, and
coal is one of the best precursor materials. Activated carbon can be synthesized by
chemical and physical activation, where KOH and ZnCl2 are often widely used.
However, several researchers have studied the manufacture of activated carbon
using ZnCl2 activators still using a low temperature respectively, under 500°C.
However, pore development is influenced by temperature. This research focuses
on synthesizing activated carbon from coal using a ZnCl2 activator with different
temperature variations at room temperature, 500, 800, and 1100°C. Briefly, the
experiment begins with synthesizing coal-activated carbon with temperature vari-
ations. Then, the powder obtainedwas carried out bymicrostructuremeasurement,
including SEM andXRD. The prime is the primarymaterial for making electrodes
and deposited on nickel foam to know its electrochemical performance. Further-
more, the electrodes are arranged with the separator and electrolyte into a coin
cell device for electrochemical characteristics to be carried out. The electrochemi-
calmeasurements includeCyclicVoltammetry (CV), Charge-Discharge (CD), and
Electrochemical Impedance Spectroscopy (EIS) using the Gamry potentiostat and
Battery Testing Equipment instruments.

Keywords: Coal · Activation Temperature · ZnCl2 Concentration · Symmetric
Supercapacitor ·Microstructure · Electrochemical Performance

1 Introduction

Harvesting energy from unlimited natural sources such as wind, solar, and geothermal
requires storage devices that are flexible, portable, and environmentally friendly. This
need encourages the attention of researchers and the government to develop research
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related to storage technology that can be used for various energy sources [1, 2]. Super-
capacitors are gaining much attention as electrochemical energy storage for their fast
charging rates, high power density, good cycle performance, good durability charge,
and natural abundance [3–5]. Supercapacitors with coin cell designs are broadly used as
commercial designs for supercapacitors because they are suitable for supplying energy
to small devices [6].

According to the storagemechanism, supercapacitors are divided into 3 types; EDLC
(Electric Double Layer Capacitor), pseudocapacitor, and hybrid. Besides, activated car-
bon is the most suitable choice as the active material for EDLC supercapacitors, and coal
is one of the best precursor materials. Activated carbon is a porous material containing
85–95% carbon with a large surface area consisting of free carbon elements covalently
bonded. [7]. Activated carbon is obtained by activating precursor materials that con-
tain high carbon concentrations and low inorganic compounds [7, 8]. The precursor
material that is widely used comes from biomass waste. Previous studies reported the
use of biomass waste as a material for making activated carbon, including rice husks
[9–11], wood sawdust [13], coconut shells [16], durian shells [17–19], and many more.
However, activated carbon from coal has superior performance compared to biomass-
activated carbon because it has a larger pore size [12, 13]. As one of the world’s leading
coal-producing nations, Indonesia has abundant coal reserves of up to around 26 billion
tons [14]. These potential coal reserves are mostly found on the island of Kalimantan,
where there are reserves of up to 62.1% of the total potential of Indonesia’s coal reserves.

Activated carbon is synthesized through two processes, namely carbonization, and
activation. Carbonization is accomplished between 300 and 800°C, producing flexible
charcoal with a low surface area and adsorption ability [15]. Therefore, different activa-
tion processes, both physical and chemical, are needed. Chemical activation is carried
out by adding acids, bases, or salts such as HCl, H3PO4, KOH, K2CO3, ZnCl2, and
others [16]. ZnCl2 activator functions as Lewis acid which increases the aromatic con-
densation reaction and inhibits the formation of volatile compounds so that the activated
carbon obtained is greater than using KOH.

From the research that has been reported, the manufacture of activated carbon using
ZnCl2 activator still uses a fairly long and complicated method, which involves nitric
acid, pyrolysis, inert gas, or large concentrations of ZnCl2 [17–20]. However, several
researchers have studied the manufacture of activated carbon using ZnCl2 activators
still using a low temperature respectively, under 500°C. Although the pore development
is influenced by temperature. Therefore it is necessary to research the manufacture of
activated carbon using a ZnCl2 activator more simply and study the effect of activation
temperature on its performance. In this study, coal was utilized as a precursor material,
and the activation temperature was varied to investigate the relationship between the
activation temperature and the microstructure. Then the prime one was fabricated as a
supercapacitor to know its electrochemical performance.
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2 Method

2.1 Activated Coal Carbon Preparation

Bituminous coal stones were ground to a fine powder and sieved to 200 mesh. Then
coal powder was carbonized in a chamber furnace for 90 min at 650°C without inert
gas flowed and subsequently impregnated for 1 day in ZnCl2 with a ratio of 0.01:2.
Afterwards, it activated at various temperatures (500, 800, 1100°C). It washed properly
until we got normal pH. For the next step, we call the samples T500, T800, and T1100
for activated temperatures 500, 800, dan 1100°C. The microstructure measurement was
carried out using XRD with Cu anode, 1-degree slit divergence, receiving slit 0.2 mm
X’Pert PRO (Pan Analytical), and SEM FEI type INSPECT-S50.

The T1100 powder was then used as the primarymaterial to make the electrode using
the blending method with a ratio of 8:1:1 for the active material in the form of activated
coal carbon, conductive material, and binder using N-Methyl-2-pyrrolidone (NMP) as
solvent at R.T., then mixed for 20 h straight. Then, the black slurry was cast on nickel
foam as a substrate using a micro pipet on both sides and dried at 80°C for 1 h in an oven.
Afterward, the prepared electrodeswere punched into circular discs, and electrochemical
measurements of symmetric coal supercapacitors were carried out using a coin-type cell
(2032) with KOH as an electrolyte. The electrochemical measurement was carried out
using Gamry Instrument and Neware Battery Testing. The electrochemical test of these
electrodes was investigated by cyclic voltammetry (CV) measurements on the T1100
sample with a voltage range of 0–1.0 V at various scan rates 10, 20, and 30 mV s−1 and
Charge-Discharge performance was carried out on 1,5 maximum voltage. (The test was
conducted at room temperature).

3 Results and Discussion

Figure 1 shows the diffraction pattern of activated coal activated carbon using ZnCl2 with
temperature variations of 0 (without temperature), 500, 800, and 1100°C. The diffraction
pattern of activated carbonhas a semicrystalline phase,whereas the semicrystalline phase

Fig. 1. Diffraction Pattern of Coal Activated Carbon Powder with Temperature Activation
Variated
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shows a phase between amorphous and crystalline. A peak indicates the crystalline phase
at a certain angle of 2θ, but the peak is wide and sloping, indicating the presence of an
amorphous phase. The results of the study obtained 2 peaks in the plane (002) and (100)
with an angle of 2θ in the range of 24.33–25.09° and 43.49–43.55, which confirmed by
previous studies [21–24].Thefields (002) and (100) indicate the formationof a turbostatic
structure [25]. In addition, in the low 2θ scattering angle, the intensity is greater, which
indicates the presence of many pores in the mesoporous category [26, 27].

There is a peak of ZnO at angles of 32.95° and 35.63°, indicating that Zn is present
on the sample surface. ZnO, however, only hit its peak in samples with varying activa-
tion temperatures, where the peak’s strength rose as activation temperature rose. This
is consistent with ZnCl2’s characteristic, which states that beyond 400°C, ZnCl2 will
evaporate and partly oxidize to ZnO [28]. The existence of a ZnO peak, where the crys-
tallinity of ZnO rises with increasing activation temperature, from 3% to 17%, is also
confirmed by Fig. 2. According to other investigations [21, 29], the occurrence of ZnO
peaks during activated carbon activation using the ZnCl2 activator is aligned.

The surface morphology of powdered coal-activated carbon using ZnCl2 with
variations in room temperature, 500, 800, and 1100°C, is shown in Fig. 3 (a–d).

Themesoporous pores on the surface of the activated carbon T0 coal particles, which
have a stone-like morphology as seen in Fig. 3 (a), are numerous and uniformly sized at
4.63 m. The surface morphology of activated carbon made from powdered coal is shown
in Fig. 4 3 (b–e) at activation temperatures of 500, 800, and 1100°C. The pore diameters
of samples T0, T500, T800, and T1100 are 2.52, 7.37, 7.37, and 8.03 μm, respectively.
Figure 3 (b–e) illustrates the impact of temperature treatment on coal-activated carbon.
The four samples were classified as macropores. The surface of Sample T1100 is formed
like a cork, which improves the adsorption of activated carbon and has the biggest pore
diameter. The larger the pore, the larger the active surface, then ion transfer will occur
faster [30, 31].

Figure 4 (a) shows a leaf-like shape or semi-rectangular (quasi-rectangular), which
indicates that the activated carbon electrode is included in the EDLC type supercapacitor
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Fig. 3. The morphology of coal-activated carbon with variations of (a) T0, (b) T500, (c) T800,
and (d) T1100.
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Fig. 4. (a) CV Curve with scan rate variation (b) CD Curve for sample T1100

and shows the properties of the EDLC pseudocapacitance device which has good capac-
itive capability [32, 33]. This capacitive ability is influenced by the accumulation of
charge in storage, which occurs by forming two interfacial layers between the electrode
and the electrolyte without a faradaic peak so that no redox reactions occur [34]. Also,
Fig. 4 (a) displays the CV curve of T1100 at different scan rate applications, namely
10, 50, 80, and 100 mVs−1. The curve at a scan rate of 10–100 mVs−1 is well-formed
without any disconnection, indicating an increase in electron conduction that supports
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the speed of charge diffusion on the electrode so that the capacitive performance of the
electrode is stable [35, 36]. This transfer rate also affects the capacitance value, where
the capacitance value drops with increasing scan rate. At low scan rates, the charging
and discharging speed is slower so that the K+ and O.H− ions in the electrolyte have
enough time to diffuse to obtain a higher specific capacitance value. While at a higher
scan rate, the charging and discharging process takes place quickly, which results in
less utilization of the electrode surface, so a lower specific capacitance value is obtained
[37–39].

Figure 4b shows the results of the charge-discharge test on coal-activated carbon
with variations in activation temperature 1100 °C at a current density of 1 Ag−1 and
1MKOH as the electrolyte solution. The charge-discharge curve is formed based on the
voltage (V) and time (s) relationship. In the picture, the CD curve is shaped almost like
an equilateral triangle which indicates the characteristics of the EDLC supercapacitor
electrode [40, 41]. Ideally, the charge time should equal the discharge time. However, in
Fig. 4b, the charging time is longer, and there are bumps in a certain voltage range, which
is unequal to the discharge time. This is due to the pseudocapacitive effect of the oxygen
heteroatoms present in the sample [42]. Also, it has good stability, as shown by the curve,
which has a regular size. The CV andCD tests found that the specific capacitance, energy
density, and power density values reached 28.205 Fg-1, respectively; 7,145 Whkg−1;
275,310 Wkg−1 for T1100. A sudden voltage drop, commonly called an I.R. drop,
occurs in the phase of charge transfer to discharge due to a combination of electrode
resistance, electrolyte, ion transfer in the electrode material, and contact voltage in the
electrochemical system [43]. The T1100 activated carbon electrode has the smallest I.R.
drop value of 0.0428 V, which indicates that ion transfer occurs quickly, so it has good
electrochemical performance and electrical conductivity.

4 Conclusion

In summary, we have developed that adding the activation temperature in the coal acti-
vation process can improve the microstructure and electrochemical performance of the
activated carbon produced. Pore size increases with increasing activation temperature.
Where a pore is formed in the macropore category, with the largest diameter being
8,03μm,with a cork-like shape on sample T1100. Electrochemical measurement results
indicate activated coal carbon with 1100°C temperature activation shows a good result
with specific capacitance, energy density, and power density values reaching 28.205
Fg−1, respectively; 7,145 Whkg−1; 275,310 Wkg−1.
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