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ABSTRACT

Activated carbon prepared from waste palm kernelllshusing physical activation at a combustion teragure
respectively of 300 and 400°C has been developexdresv supercapacitor electrode material. Actidadarbon
was characterized by XRD, SEM-EDX and FTIR methodsthe electrical properties of supercapacitov@édeen
measured by LCR meter. It was found that thevaigtd carbon which was prepared by the carbonizatimcess

at a temperature of 300°C, the particle size ofu@@ 0.3 N HPO, as the electrolyte and the surface area of the
carbon paper of 3 x 11 émwith a roll method provides the highest capacignt 41.21uF and conductivity of
0.143 x 10 S / cm with a charging time of 60 minutes.
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INTRODUCTION

Indonesia is a world's largest producer and expoftpalm oil of which 85-90% of total world palnil production.
According to the statistical data available, on¢hef most abundant solid waste of palm oil procgss palm ker-
nel shells which reached 60% of the productionalfrpoil and actually the utilization of waste pakernel shells
is still very small. Palm kernel shells has a cleihtomposition that is almost similar to wood l#s most reasona-
ble sources of lignin, cellulose and hemicellulesth different compositions. Cellulose content bistpalm shells
by 45% and 26% hemicellulose either to be usedsasiece of biomass[1].

The development of oil palm kernel shell biomass asurce of bioenergy and reducing the environahémpact
must be accompanied by another development ofygrstorage technology. Regarding next utilizatidrwaste
palm kernel shells biomass to produce activatedorato pursuing a licensing strategy in the reifi2-4]. Utiliza-
tion of various biomass materials as a renewabéeggnsource going into a hot topic of discussiam, éxample,
coconut shell [5], ginkgo shells [6], coffee grosrd], walnut shell [8] and banana fiber [9] haweh used as the
precursor to produce activated carbon and has deerioped as an electrode material, catalyst asorbent. In the
recent years, the study of electrical double-laygracitors (EDLCs) as an energy storage devicpkags of chem-
ical batteries. EDLCs often referred to as supeacigrs are energy storage devices with high pevdaoice power
density characteristics that are up to 1.000 tigrester than what is typically found in conventiocapacitor tech-
nology [10-11]. Supercapacitor consists of eladts) electrolyte and the separator which preveisg electrodes
from contacting each other. Activated carbon powsl@pplied to the electricity collector of theerodes. Capaci-
tance is proportional to the surface area of tipeiapacitor. Therefore, using activated carboriclwhas an in-
credibly large surface area electrodes, enabl&sbticated a high capacitance supercapacitor [12-13
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In this paper, a supercapacitor based on waste kainel shells carbon electrode with phosphate algdtrolyte
has been developed. Carbonization of oil palm Keshell into various particle size of activatedhzan was effect-
ed and then characterized using SEM - EDX, XRD BMtR methods. While the electrical properties suga-
ment were made by using LCR meter.

MATERIALS AND METHODS

2.1 Equipment and materials
Equipments which were used are LCR-Meter (TondHactronicTH2820-LCR), Multimeter (Heles UX-838TR),
petridish, and other laboratory glasses equipment’s

Materials are from waste palm kernel shells obthifnem Agam regency, West Sumatra, carbon rodsasftevbat-
teries, HPQ, (Merck), paper (padi brand) and distilled water.

2.2 Preparation of carbon palm kernel shell
Palm kernel shells are dried and reduced into emsite. The formation of carbon through carbormraprocess at
a temperature of 30@C and 400C for 60 minutes with a certain particle size of 83 and 125 um.

2.3 Preparation of electrode plate

The sheets paper (size 3 cm x 5 cm) spread with gfiuits surface and sprinkle carbon of palm keshells. Plate
electrode of carbon formed then dried at room teatpee and the carbon paper is weighed before fiadleeing
coated with palm kernel shell carbon.

2.4 Preparation of supercapacitors

Supercapacitors are made with such a roll (Fig.Garbon rod of waste batteries was prepared avigngth of 5
cm and a diameter of 0.3 cm. Carbon paper electptate of palm kernel shells are rolled up circlihg battery
carbon rods. The first roll is the front of the paparbon that acts as a positive electrode (shemtd then continu-
ous rolling the rear carbon paper which act asgative electrode (sheet 2). The same treatmentris €br varia-
tions in particle size and surface area variat@frarbon paper.

Karbon Baterai
Plat Elektroda 1

Plat elektroda 2

Fig. 1. Schematic illustration of the supercapacitor fabrcation

2.5 Characterization techniques
X-ray diffractograms of the samples were recordsidgia GE XRD 3003TT X-ray diffractometer with mahoo-
matic nickel filtered Cul¢ (A = 1.5416 A) radiation in thef2range of 20%to 80°. The morphology and elemental
composition of the carbon were determined from stanelectron microscope (SEM) that has the attactiraf an
energy dispersive X-ray analyzer (EDX). The IRTspectra were recorded with a Perkin EImer Spetffwo in
the waveband of 400-4000¢m

RESULTS AND DISCUSSION

3.1 Synthesis process and structure characterizatio

The crystallinity and phase characteristics ofdhmples were analyzed from powder XRD study. Figl2ows the
XRD patterns of the carbon. All XRD patterns shobraaden diffraction peak centered at 43°, corredpmy to the
diffractions of graphitic carbon with the amorphalmaracter.
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Fig. 2. XRD pattern of oil palm kernel shell carbam with a combustion temperature at 300°C and 400°C

Figure 3 shows that the surface morphology of aifrpkernel shell carbon by carbonization tempeeatd 300°C
and 400°C is granulated. Activated carbon exhibits mesopssurface.

T e s e e e e
JTM-FTUA 5.00kV 8.4mm x500 SE 6/20/2016 100um

JTM-FTUA 5.00kV 8.2mm x500 SE 6/20/2016 100um

Fig. 3. SEM image of palm kernel shells carbon whta combustion temperature (a.) 300°C (b.) 400°C

The elemental composition obtained from EDX profilélicated the atomic wt% of carbon at a tempeeatfr
300°C containing carbon most widely compared toatmeunt of carbon from palm kernel shells with enbastion
temperature 400°C (Table 1). There is an elemekt @otassium) content, although in very small anteuThis is
because the basic ingredients of palm kernel she#isnatural materials [4]. Therefore carbon fromnpkernel
shells with a combustion temperature of 300°C edusr electrochemical measurement of supercapacito

Table 1. EDX measurement results from palm kerneshells

% mass
Atom

300°C 400C

C 77,82 72,79
O 21,48 26,62
K 0,70 0,59
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Fig. 4. FT-IR spectra of palm kernel shells carbon(a. 125 pum, b. 90 um, dan c. 63 pm)

3.2 Determination electric properties

Effect of carbon particle size

The increased surface area of the particles resuliise greater ability of the supercapacitor torestan electric
charge due to large surface area which allows cattbe able to store more electric charge [5].
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Fig. 5. Effect of carbon particle size of oil palnkernel shell to the capacitance value

The lowest capacitance of the supercapacitor veamd for the particle size of G8n. This is because during the
carbonization process, when the heat of combustiomo high may results a complete combustion raddce the
carbon content [5]At the time of the paper making process, wheréésdarbon electrode material of a very small
size is not spread evenly across the surface afdtt®on paper so that the capacitance value bedomes

Effect of carbon paper surface area

The surface area of the carbon paper would affecvalue of capacitance. This is because the raoger the sur-
face area of the carbon paper used, the more ielctharge to be stored on the surface of carkadm kernel
shells.
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Fig. 6. Effect of carbon paper surface area on theapacitance value

Various surface area which is evaluated in thidysare as following 3x3 cm3x7 cnf, 3x9 cnf and 3x11 crh The

highest capacitance value is given by the surfaee af the carbon paper of 3x11%with a charging time in 60
minutes.

Fig. 7. showing that the charging time of 60 misytsupercapacitors with 3x11 €surface area has an optimum

ability to store electrical charges. These charaton curves indicated the supercapacitor capace value de-
pend on the electrode surface area [8].
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Fig. 7. Effect of surface area of carbon paper orapacitance on the charging time of 60 minutes

Effect of H3PO, electrolyte concentration against capacitance

The increase in the concentration of electrolylet8m causes the capacitance value will also mseeuntil the op-
timum value of 0.3 N, then the capacitance valugases with increasing the concentration.
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Fig. 8. Effect of PO, electrolyte concentration against capacitance witharging time of 60 minutes
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Effect of the electrolyte concentration H3;PO, against conductivity of the electrode supercapacitor

Conductivity is calculated based on the resistivitjue obtained from the value measured on thersapacitor is
the resistant in the variations of the concentratib the electrolyte solution at the optimum chaggtime of 60
minutes and a surface area of 3 x 1£.cm

In Fig. 9, the concentration of electrolyte solatmf 0.3 N on the particle size of @@n has the highest conductivity
values. This is because the ions can move freeti@nsolution there by increasing the value of cmtidity [7].
This value is also supported by the capacitanageyabhich is inversely proportional to the resiseamalue.

16. T

Conduktivity (10-6)

O+t
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Fig. 9. Effect of HPO, electrolyte concentration on the conductivity
CONCLUSION

Activated carbon from waste palm kernel shells lsarused as an electrode material in supercapaéitorisation.

Synthesis of activated carbon made by carbonizationess at a temperature of 300°C and supercapaeisigned
using a roll electrode method. The highest capac@aalue produced from oil palm kernel shell carbtectrode at
a particle size of 99m, 0.3 N HPQ, electrolyte concentration, the surface area ofcdrdon paper 3 x 11 érby

41.21pF with a charging time of 60 minutes and a conditgtvalue of 0.143 x18'S / cm.
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