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Supercapacitors attract great interest among researchers as energy storage devices due to
their high power capability and long cycle life. In this research, the electrochemical per-
formance of electrical double layer capacitor (EDLC) based solid bio-polymer electrolyte
(SBE) was studied. SBE consists of carboxymethyl cellulose (CMC) and ammonium nitrate
(NH4NOg3) was prepared by solution casting technique. The electrical impedance spec-
troscopy was used to verify the conductivity of SBE. The average conductivity was achieved
at ~ 1073 S/cm. This research aims to prepare SBE and apply in the fabrication of EDLC.
Scanning electron microscopy analysis showed the smooth and homogeneous surface of SBE
film without any phase separation, while irregular shape and sizes of particles was found
on the surface of electrode. Elemental identification results yielded that all corresponding
elements presence in the SBE and electrode. The EDLC performance was characterized
using galvanostatic charge-discharge at different constant currents. Charge-discharge stud-

ies showed that long discharge time (90 minutes) within 11 cycle was observed at 2uA. The
highest specific capacitance of 1.8 F /g was discovered at 4uA. This study showed that EDLC

based SBE has a promising potential to be applied in low current applications.
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I. INTRODUCTION

The depletion of fossil fuels, environmental
concerns and consumers demand on modern and
high power equipments/gadgets have driven in-
dustries and technologies to search for better en-
ergy storage systems. Among those different en-

ergy storage systems, one of the most promising
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candidates is electrical double-layer capacitors
(EDLCs) due to its significant merits such as
higher power density than conventional (dielec-
tric) capacitors, longer cycle life than secondary
batteries, large capacitance, maintenance-free
and non-toxic materials [1]-[6]. One of the cru-
cial components in EDLC is an electrolyte. Elec-
trolyte used in EDLC generally aqueous, or-

ganic, or liquid salts/ionic liquids [7]-[8]. These
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liquid electrolytes have several hurdles such as
being leak-prone, self-discharging, corrosive and
bulky [2],[9]. Therefore, the utilization of solid
bio-polymer electrolyte (SBE) in energy storage
system as an alternative to liquid electrolyte may
overcome the leakage and safety issues. SBE also
has the ability to form thin film, light weight,
flexibility and favourable ionic conductivity [10]-
[12]. This SBE also can be easily prepared, using
natural polymer which is non-toxic/hazardous
materials, as well as has low cost of materials
and production. Thus, this research aims to ap-
ply a high ionic conductivity of CMC-NH4NO3
SBE into the development of EDLC and further
investigate its electrochemical performance.

II. MATERIALS AND METHODS

A. SBE film preparation and impedance

measurement

The SBE film was prepared according to pre-
vious work done by Kamarudin and Isa (2013)
via solution casting technique using the opti-
mized composition (the highest ionic conductiv-
ity) of CMC:NH4NO3 (55:45) with a slight mod-
ification [13]. In a clean beaker, ~2.0 g of CMC
powder (Across Organics; purity >99.9%; av-
erage MW = 90,000 and DS = 0.7) and ~1.6
g NH4NO;3 (SigmaAldrich; purity >99%) were
dissolved in 75 ml distilled water at room tem-
perature. Complete dissolution was achieved af-
ter several hours stirring at room temperature

using magnetic stirrer. The final clear solution
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was then poured into separate Petri dishes and
left to dry in oven at 50°C for several hours to
form thin film. The translucent and flexible SBE
film was then transferred to a desiccator for fur-
ther drying prior to sample characterization. In
order to obtain the room temperature ionic con-
ductivity of SBE film, impedance measurement
was carried out using electrical impedance spec-
troscopy (EIS), HIOKI 3532-50-LCR Hi-Tester

in the frequency range of 50 Hz - 1MHz.

B. EDLC preparation and characterization

The EDLC electrodes were prepared by mix-
ing a weight ratio of 13:2:1 of activated car-
bon (RP20 purchased from KURARAY Chem-
ical Co. Ltd.), carbon black (Super-P pur-
chased from Magna Value) and poly(vinylidene
fluoride) (PVDF purchased from SigmaAldrich)
in 50 ml of N-methyl-2-pyrrolidone (NMP pur-
chased from MERCK). The mixture was stirred
until homogenous slurry formed. The slurry was
doctor-bladed on aluminium foil current collec-
tors. The prepared electrode was then dried at
80 °C in the oven for 30 minutes, and the elec-
trode was pressed up using a calendaring ma-
chine to ensure good contact between aluminium
foil and electrode. EDLC cell was then fabri-
cated by sandwiching the SBE film between two
electrodes and perspex plates were used to hold
the EDLC cell. The schematic diagram of the
fabricated EDLC cell is shown in Figure 1. The

surface morphology and elemental identification
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of EDLC electrodes were performed using scan-
ning electron microscope/energy dispersive X-
ray (SEM/EDX) Hitachi TM3030 Plus tabletop
microscope at room temperature. The electro-
chemical performance of EDLC cell were tested
using galvanostatic charge-discharge (GCD) at
different constant currents over 100 cycles. GCD
was obtained using NEWARE high accuracy
battery tester (5V 1mA).

Figure 1. Schematic diagram of lightweight and
flexible solid-state EDLC. The EDLC cell is
constructed by stacking electrolyte between two
carbon-based electrodes. The cell size is 3.0 cm

x 2.5 cm and weight ~0.2 g.

IIT. RESULTS AND DISCUSSIONS

A. Tonic conductivity analysis

Table 1 lists the value of surface contact area
(A), thickness (t), bulk resistance (Rp) and ionic
conductivity (o) of SBE film. The room tem-
perature o was calculated following equation in
[9] and revealed to be ~1072 S/cm, which is in

agreement with the value obtained by [13].

B. SEM/EDX analysis

SEM/EDX analysis was performed to investi-
gate the surface morphology and elemental iden-
tification of SBE film and electrode. Surface

morphology of SBE and electrode has a signifi-

Table 1. The value of surface contact area,
thickness, bulk resistance and ionic
conductivity of SBE film obtained at room

temperature.

Reading A (em?) t(cm) Ry () o (S/cm)

1 341 2.10x10729.01 x 107! 6.84 x 103
2 341 2.10x 1072 9.69 x 10~! 6.36 x 103
3 341 210x1072952x 107! 6.47 x 1073

Average o = (6.56 & 0.02) x 1073

cant impact on the electrochemical activity and
transport phenomena that determine the cell
performance [14]. Figure ??(a-b) shows the SEM
image and corresponding EDX analysis of SBE
film. The surface of SBE appears to be smooth
and homogeneous without any phase separation
indicating that the NH4NO3 salt was completely
dissolved in the CMC polymer matrix. Fig-
ure 2(c-d) and (e-f) show the surface morphol-
ogy of electrode before and after the calendar-
ing process with the corresponding EDX anal-
ysis. The irregular shape and size of particles
were observed from the electrode surface before
and after the calendaring. The small white scat-
tered particles were originated from the PVDF
binder (Figure ?7(c)). After the calendaring
process, those particles were disappeared and
fully dissolved in the electrode. The surface
of the electrode after calendaring was observed
to be smooth and flat as compared to before

calendaring which exhibited roughness surface.

The stirring process using magnetic stirrer un-
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able to break the particle into a smaller size,
thus calendaring technique was used to obtain
a smaller size of electrode materials. The calen-
daring technique uses pressure to crash the big-
ger particles into smaller particles. Hence, we
can see chunky particles become less and smaller
particles can be seen in Figure ?7?(e). According
to Frackowiak Beguin (2001), an efficient charg-
ing of electrical double layer requires materials
with a high surface area and pores adapted to
the size of ions, which is crucial for supercapac-
itor performance [15]. The smaller particle will
improve the ion absorption in electrode due to
the high surface area and high porosity of elec-
tron surface. Figure ?77(b) displays the elements
present in SBE film. EDX spectrum shows the
four most intense peaks of carbon (C), nitrogen
(N), oxygen (O) and sodium (Na) as the main
elements in SBE. The peaks for Na and C origi-
nated from CMC polymer, while peak for N from
NH4NO3 salt. Figure ??(d) and (f) show the
presence of elements in electrode before and af-
ter calendaring. Both electrodes consist of C, O
and fluoride (F) with C as main elements from

activated carbon and carbon black.

C. Electrochemical performance

Figure 3(a-c) depicts the typical charge-
discharge curves of EDLC cell obtained within
11 cycles at different constant currents of 2uA,
4uA, and 6pA. From the figures, a longer charge-

discharge period of 90 minutes within 11 cycles

was found at 2uA. The charge-discharge curves
at all currents were observed to be nearly lin-
ear, thus indicating a good capacitive behavior
of EDLC [8]. The sudden voltage drop upon
discharge can be related to the internal resis-
tance; resistance due to the electrolyte, current
collector and the inter-fluid resistance between
the current collector and electrolyte [16]. Using
the slope of discharge curve, the specific capaci-
tance of EDLC cell was determined using equa-
tion reported by [17].

Figure 4(a-c) depicts the plot of specific ca-
pacitance versus cycle number at different cur-
rents. From the figure, it was observed that
the highest specific capacitance of 1.2 F/g, 1.8
F/g and 1.0 F/g were obtained at 2uA, 4pA
and 6uA, respectively. According to Yousefi et
al. (2013), the decreasing trends of the capaci-
tance indicates that certain parts of the surface
of the electrode are inaccessible at high charg-
ing/discharging rates due to the diffusion effect
of the SBE film within the electrode [18]. The
fluctuation of specific capacitance between cycle
4 and 6 at 4 puA can be explained due to the
unstable reaction of EDLC within those limited

periods.

IV. SUMMARY

In conclusion, a free-standing CMC-NH4NO3
SBE film was successfully prepared via solution
casting technique and fabricated into EDLC.

The average ionic conductivity was achieved at
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Figure 2. SEM images and EDX analysis of (a-b) SBE film, and EDLC electrode (c-d) before

calendaring and (e-f) after calendaring process.

~ 1073 S/cm. SEM results revealed the surface
morphology of electrode and electrolyte. FEle-
mental identification using EDX confirmed the
presence of all elements in the electrolyte and
electrode. The cyclability analysis at different
constant currents in a specific period of time

showed the capacitive behavior of EDLC cell.

Based on the electrochemical performance, it

showed the potential of SBE film to be applied

in the EDLC cell for low current application.
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Figure 3. Charge discharge curves within 11 cycles at (a) 2pA, (b) 4uA, and (c) 6uA.
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Figure 4. Specific capacitance of EDLC cell within 11 cycles at (a) 2uA, (b) 4pA, and (¢) 6uA.
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