Applied Physics Research; Vol. 7, No. 2; 2015
ISSN 1916-9639  E-ISSN 1916-9647
Published by Canadian Center of Science and Education

Desiccated Coconut Residue Based Activated Carbon as an Electrode
Material for Electric Double Layer Capacitor

Mohd Adib Yahyal, C.W.Z.C. W Ngahl, M. A. Hashim', Musa Ahmad' & Mohd Ambar Yarmo®
! Faculty of Science and Technology, Universiti Sains Islam Malaysia (USIM), Malaysia
? Faculty of Science and Technology, Universiti Kebangsaan Malaysia (UKM), Malaysia

Correspondence: Mohd Adib Yahya, Faculty of Science and Technology, Universiti Sains Islam Malaysia (USIM),
Malaysia. E-mail: mohd.adib82@gmail.com

Received: March 8,2015  Accepted: March 15,2015  Online Published: March 17, 2015
doi:10.5539/apr.v7n2p93 URL.: http://dx.doi.org/10.5539/apr.v7n2p93

Abstract

Activated carbon derived from desiccated coconut residue was treated with sodium hydroxide (NaOH) and
analyzed for its supercapacitor performance. The sample was then characterized by N, adsorption at -196°C,
Energy dispersive x-ray (EDX) analysis and X-ray diffraction (XRD) in order to investigate its surface area,
porosity and microcrystalline properties. Specific surface area (SSA) was found to be 1394.79 m%/g with high
microporosity of 76.92 %. Electrochemical double-layer capacitance was studied by cyclic voltammetry with
potential window of 1V. The presence of high microporosity properties affects the supercapacitor performance
due to lack of accessibility of the electrolyte into the activated carbon pores. The calculated specific capacitance
was found to be 42 F/g.
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1. Introduction

Technologies based on electrochemical capacitors have already been broadly implemented around the world as the
power demands of portable devices increase as well as the current enhanced use of renewable energy source (Liu &
Pickup, 2008). Supercapacitors can be used in several ways; as uninterruptable power sources (UPSs), being
combined with batteries to provide peak power, and also replacing batteries in memory back-up (Arbizzani et al.,
2001). Excellent supercapacitors should be having a greater capacitance and energy density than that of
conventional capacitors hence enabling compact designs (Noked et al., 2011). Basic principle of supercapacitors in
storage energy is by a formation of a double layer of electrolyte ions on the surface of the electrodes (Zhu et al.,
2011), rather than the more common arrangement of a solid dielectric between electrodes. The electrodes utilized
usually designed from porous carbon or any high surface area materials as conductors which equipped with a
molecule-thin layer of electrolyte as the dielectric to separate charge (Lota et al., 2008). Due to the properties of
high surface area of the electrodes and a very small distance between the electrodes hence producing large
capacitance and energy storage up to approximately two orders of magnitude (10-100 s kW) (Chen et al., 2009).

A supercapacitor operates by adsorbing/desorbing the charged ions from an electrolyte onto the electrodes
(Candelaria et al., 2012). The distance between the charges of the opposite sign across the interface of the
electrode/electrolyte can be in the range of angstroms (Qu, 2002). There are also strong interactions between
ions/molecules in both electrolyte and electrode surface. The source of the energy storage comes from physical
separation of the electronic and ionic charges. When active materials are in contact with a metal electrode, it will
be charged. Then, the solvated ions from the opposite charge will be attracted to the active materials hence
accumulated at the active material and electrolytic solution interface. The separator is basically used to prevent
the electrical contact between anode and cathode. At the same time, it permits the migration of the solvated
electrolyte ion (Azam & Rosle, 2013). Energy storage in supercapacitors is by means of static charge rather than
that of an electro-chemical process in the battery systems (Hadjipaschalis et al., 2009). The capacity of the
supercapacitor, in principle, is proportional to the electrode surface, where, how much ions can be attracted
(Xu et al., 2008). In comparison with batteries, it has no limitation of the electrochemical charge transfer kinetics
applied in batteries. However, in terms of energy storage, supercapacitor has lower magnitude of storage than
batteries (Zhu et al., 2011). In other words is that the supercapacitor particularly electric double layer capacitor
(EDLC) stores the energy physically and not chemically as opposed to rechargeable batteries (Orita et al., 2010).
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This study was aimed at introducing a supercapacitor derived from desiccated coconut residue (DCR) based
activated carbon (AC) treated with sodium hydroxide (NaOH).

2. Experimental

Desiccated coconut residue (DCR) was collected from local market in Nilai, Malaysia and was dried until used.
The sample was then ground into 1 to 2 mm of particle size. It was then carbonized under N, flow for 1 hour of
duration time at 500°C and then cooled to room temperature. The resulting char was then impregnated with
sodium hydroxide (NaOH) (Merck, Germany) at ambient temperature for 1 hour with ratio of 1:3 (w/w). It was
then dried in an oven for overnight at 105°C and heated under N, flow rate for 1 hour at 500°C. The sample was
then washed with 1M of HCI followed by plenty of deionized water and dried at 110°C before being cooled and
stored until use. The surface area of the activated carbon, micropore volume and mesopore volume was studied
by N, adsorption at -196°C (77 K), using an automatic volumetric sorption analyzer (Quantachrome, Autosorb 2).
DCR-AC was first degasified at 350°C for a certain period. The surface area was obtained from the
Brunauer-Emmett-Teller (BET) equation. Micropore volume was obtained by #-plot method. Total pore volume
was obtained at 0.99 of relative pressure. Energy Dispersive X-Ray (EDX) was performed by Hitachi SU
1510/Horiba Emax 450. The scanning electron microscope (SEM) was first transferred to the site interest at
Horiba E-max software. The point of interest was selected for EDX data collection. The peak spectrum was
reconstructed to double confirm the presence of elements. X-Ray Diffraction (XRD) was performed with Bruker
AXS Germany (D8 Advance).

The preparation of the electrode was done by a mixture of 85 wt% of DCR-AC, 10 wt% of carbon black
(TIMCAL), and 5 wt% of polyvinylidene-flouride (Sigma-Aldrich) in 1-methyl-2-pyrrolidone (Merck, Germany)
to form slurry until homogenized. It was then poured into an aluminium foil with thickness of 2.5 um using ‘Dr
Blade’. The prepared electrode was dried for overnight at 120°C. A sandwich type cell was fabricated from two
electrodes with similar weights with electrode area of 1 cm? and separated by filter paper as a separator and an

electrolyte (1M Na,SOy). Capacitive performances were evaluated by cyclic voltammetry (CV) at scan rates of 5,
20, 50 and 100 mV/s.

3. Results and Discussion
3.1 Physical Properties of DCR-AC

Figure 1 shows N, adsorption isotherm plot of DCR-AC prepared. It exhibited Type I isotherm type with
horizontal plateau at higher relative pressure. It indicated a highly microporous materials with a narrow pore size
distribution. Type I isotherm is defined as an enhanced interactions of adsorbent-adsorbate in micropores of
molecular dimensions. The narrow range of relative pressure that required achieving the plateau indicated that
there is a limited pore size range in the sample. Table 1 summarizes specific surface area (SSA) of DCR-AC and
its micropore (Vy;), mesopore (Vy), total volume (V) as well as porosity. The specific surface area of DCR-AC
was found to be 1394.79 m%/ g. It was shown that DCR-AC was highly microporous with 76.92 % (V,/V, x100)
of porosity.
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Figure 1. N, adsorption isotherm of DCR-AC
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Table 1. Result of specific surface area and porosity of DCR-AC
Properties SSA (ng'l) Vi (cm’ g Ve (cm3g'1) Vi (cm3g'1) Porosity (%)
DCR-AC 1394.79 0.60 0.18 0.78 76.92

Figure 2 shows the results of EDX analysis of the DCR-AC studies. It was observed that weight percentage
(wt %) of carbon was 70.94%, followed by oxygen (23.34%), potassium (0.27%), sodium (5.25%), magnesium
(0.19%), and silica (0.34%). Figure 3 shows the XRD spectra of DCR-AC. Result showed a turbostratic
disordered carbon with microcrystallinity properties between graphite and amorphous carbon.
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Figure 2. EDX analysis of DCR-AC
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Figure 3. XRD analysis of DCR-AC
3.2 Electrochemical Behaviour

Figure 4 shows a cyclic voltammetry of the DCR-AC based supercapacitor at scan rate of 5 mV/s. The behaviour
of electric double layer capacitor (EDLC) is generally expressed in the form of a rectangular shape of
voltammetry characteristic (Frackowiak & Beguin, 2001). The specific capacitance of one electrode was given
by the following equation (Zapata-Benabithe et al., 2012):

Co= 5o (1)

2mav
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Where, ;| I | At is the area of the current (A) against time (s) curve, m is the mass of active material (g), AV is
the potential window. The calculated specific capacitance was found to be 42 F/g. In theory, the specific
capacitance of activated carbon increases with its surface area. However, the presence of micropore (76.92%) may
reduce the ion-sieving effect in the system. According to Arbizzani et al. (2001), the smaller the pore size, the more
difficult it is for electrolyte to get in. Therefore, the capacitance it not only depends on the surface area, but also on
the distribution of the pore hence giving low specific capacitance in the DCR-AC based supercapacitor.

Figure 5 shows the variations of specific capacitance at different scan rates of CV. It was shown that the
capacitance decreased when the scan rate increased. The specific capacitance decreased with scan rates due to
the EDL formation within the micropores was slower and less complete in comparison to rate of variation in
potential (Zapata-Benabithe et al., 2012).
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Figure 4. Cyclic voltammetry profile at 5 mV/s
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Figure 5. Variation of specific capacitance at different scan rates
4. Conclusion
A double layer type of supercapacitor was designed by using a newly precursor derived from DCR which treated

with NaOH as active material in both positive and negative electrodes and 1M of Na,SO, as electrolyte. Results

showed that micro porosity of the sample affected the results hence giving a relatively low specific capacitance
value.
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