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Abstract

The global energy consumption is accelerating while alarming that current fossil fuel resources are
depleting rapidly. Hence, sustainable, renewable and environmental friendly technologies for
energy gencration and storage are considéred essential to fulfil current energy demand while
protecting the environment, For past few decades, more effective and efficient energy storage
mechanisms were toughly studied. Among them, supercapacitors were able to capture great
attention due to is high applicability as energy storage device in electric vehicles, hybrid vehicles
and portable electronics devices, This research was focused on developing a novel supercapacitor
based on locally developed activated carbon and polytetrafluoroethylene (PTFE).

Electrodes plays a key role defining the capacitance of the supercapacitor. As a result, research to
improve its performance has been dramatically increased. Electrode material for double layer
supercapacitors are generally carbonaceous materials such as activated carbon, mesoporous carbon,
carbon nanotubes and graphene. In pseudo-supercapacitors ¢lectrode materials are transition metal
oxide and conducting polymers, This research was focused to fabricate a supercapacitor which uses
locally activated carbon with PTFE as its electrodes. Coconut shell charcoal was used to make
activated carbon since its high availability with the region. In this study, high concentrated
potassium hydroxide (5M) was used as a novel approach while reported literature was based on low
concentrated potassium hydroxide .

Coconut shells were selected in a way that average size of a pieces of shells were nearly 4%4 cm.
They were well cleaned by washing with de-ionized water several times. Afterwards, they were
slowly bumt in air to obtain charcoal. Thereafter, freshly prepared charcoal was places in a sealed
container to avoid absorption of water vapour until its temperature turned down to room
temperature. Flow of steam was applied to the cooled charcoal afterwards and let it activate with
steam for about 2 hours. It was vacuumed to get rid of the water vapours with the charcoal in the
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container. Once more, it was kept in the same chamber until its cooled down to room temperature.
Finally, charcoal was ground with Fritch Premium Line ball mill and the partial size was measured
with Fritch Nano-Tech Plus 22 particle size analyzer. The particle size was found to be 3 um in
average,

The weight of clectrode was 20 mg. Electrode consists of 90% of activated carbon and 10% of
Polytetrafluoroethylene (PTFE) which was analytical grade (purity>99.8). Activated carbon, PTFE
and KOH was mixed until homogenous paste obtained. The paste was spread out on the stainless
steel sheet (2 em x 2em) which worked as the current collector. After that, it was dried at 45 °C for
I hour in the muffle oven. Similarly, Pair of clectrodes were fabricated. The supercapacitor was
prepared by immersing a separator in a S M KOH solution and sandwiched in between the pair of
clectrodes in the test cell.

Cyclic Voltammetry (CV), Charge Discharge and Electrochemical Impedance Spectroscopy (EIS)
was carried out to study electrochemical performance of the supercapacitors by using Metrohm
Autolab PGSTATI128. C'V measurements were performed at the scan rates 2.5, 5, 7.5 10, 12.5, 15,
20, 30, 50, 100,150 and 200 mV/s. Voltage window was selected from -0.5 to 0.5V with two
electrodes configuration. Using the CVs, the specific capacitances were calculated for each scan
rates respectively. It is well known that, for supercapacitor application, capacitance and equivalent
series resistance are two important parameters that can influence the performance of the
supercapacitor such as power density and energy density. Charge- Discharge measurements were
carried out at 500 pA constant current. CV curves were showed no obvious redox peaks and the
current is nearly constant over most of the voltage window, which indicates that the supercapacitors
are charge - discharge mainly by electrostatically. Moreover, the CV curves were showed a nearly
rectangular shape. However, upon increasing the scan rate, this capacitance behavior was
destroyed. Specific capacitance 79 F/g was obtained as highest value for scan rate 2.5 mV/s. In EIS
plot (Nyquist plot), there was semi-circle intersecting the real axis in high frequency and the slope
of tail on Nyquist plot was almost parallel to the imaginary axis, which suggest that the fabricated
capacitor show an actual capacitor behavior. The equivalent serial resistance of 55.24 Q was
calculated by using charge- discharge curve. It was found that the specific power density was 69
Wikg, and Specific Energy density was 5.8 Whikg.
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