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The Effect of rGO Mass Composition on The Performance of
Activated Carbon/rGO Supercapacitor Electrode Based on
Coconut Shell (Cocos nucifera)
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Abetract. Activated Carbis | AL i composcd of nodoced graphene oaide (/0 snd has boen
syothesirrd lroen asural matorial that i covommst shell | Covs mecrs | by dry miing meshod
The purpose of this. rescurch wan o ks the cffiect of sdding A0 mass on e dectrode b the
specifi vapactame vehae The W30 mewe vanamm wsed was 1024wt AT cloctrdkss
weve tested by cyclic sullapumetry 10 determine their specific v e viabers 8 3 scoEm ralc
il Jmm\'uﬁﬂmmumm-:M-ummm-u.mnq:
w0 Vol The clectioe by 90 wi's AL compositem wnd 10 w1’ 1GC) bod & higher specific
Capwcitmeie value of 624 1! than other electode mass compensitions. as well as e scrivaincd
carbon individul electmdes having & specitic cupacitance valoe of 108 Bg ' | herefere, i could
b canchadod that the specific capacstance of the chectrdes vonlil be incroased by the addition
of P} mascrial

1. Introdecthon

wnuwumgmﬂmnqﬁ:mmh@mw-.m
ume |$.9.19] and s 3 cell capacitance range of (043 F - 2700 F |13]. Generally. 3 supercapacitor
consisis of @ paw of cectrodes. 5 separston and an clecirobyie solition [ 1] Determining the checmical
properties of the supenapacitorn muines sehection of the nght material o @ spercapecitor chectnde
Electtodes ate electrical conducton that have the ahility to abwrh snd release electrons frm their
sirfaces. The dorge proces pccurming on the electride surface will affiect the specific capacitance vahse
[15] Matenials that have already bejun 1o be used as supercapacitor electmde materials melude scnivated
carbon, graphene amd reduced Graphene Ouade [1.7.19]. Reduced Graphene Oxide (1GO) i 3 grapiheny
onide material in which the carbon st of eraphene undergo oxiduition and reduction processes. In
the process of osadation. there ane several ovypen and hydrogen stoms homded 1o carbon atoms called
praphene ovide. Meansbsle. in the process of reduction. the o of several bomds of grapbene oxide
nccun s that f obtancs sreciire that almost resembles gropbene The resaslt o this reduction privess
i called reduced graphens onide (rGON, The difforenior betwoen grugibene . graphone ovide sod 0 i
m;mmuﬂ.ﬁwﬁmmnuﬂymwadﬁm“mkm-um
inad rCH) have an atomic O group,. The O proup on grapdbese ouide i mose (4]-50% ) than §GO {1122
0 1 14]. The synihesis of gruphesy il activated carbo compouis s supenapacitor clecirodos
periormied by ahtrasnitication. hydrothermal caranation and chemical sctivation resuliesd m 3 specifi
capacitance of 210 Fg ' The vapacitance of the graphene composite and the sctivated carbon is grester
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than the capseitance of the pure activated curbon clectrode of 76 Fg' . suggests that with the addition
of graphene can improve the process of storing the charge ol the clecirinde | 19]. In subisequent studies.

the sctivated carbon/rediuced Graphene Oxide (#GO) composites ‘were osed os electrodes through
hydrazine method (7], The synthesis of the composite electrode wan performied by using diffenent
vanations of /0 mass composition 1. 10 - 5wt dG0 which, i the mass of 30 wi's (50, obimined
the best capaciiance value of 181 Fr' compared to the mass ol the other eloctrodes. The activated
corbon/ fCiH) componite electrode abvo has & higher cipacitance vulue thin the pune sctivated carbon
electrode | 71. A resewrch | 6] concermmg the munufacture of rGO from coconu shell was den compiled
with Zn0) e a wapercapacitor electrode. (0 which the composite mass variation was fi00-Za0 (1 1,1

2 amed 2 1), The rewalt of the rescarch olvained the best capacimnce value on mG0-Zol) componite with
the ratio of 12 2 compostion of (.61 306 Fz ' where the process of volumetne charsctonzation a) scan
rate M mys by using clectrolyie solution KOH | M [6]. Based on the slorementioned rescarches . the
matenal uved was relatively expensive [7,19], o0 this rescarch proposed an innovation by using simpler
and cusier method m making scuvated carbon 00 (reduced Grophene Onide) compersite without the
need of expensive solveni. The method of making clectrode in this msearch used dry mixing method.
Diey mining method s @ methosd of mining the material i the firm of a powider with o camain length of
time without using sobvent and it s done in the outside air and vsed when the material does not easily
experiencs oxidaion in the outside ar |K).

2, Materials and Methods

2.1 Material

The muterial uned wis from the natiral coconut shell (Cocen mucifens ), All chemicals uied were pure
analys and ined withowl purification., including Sodiom Cxide iNaOH 0.5M) as chemcal activaior.
Chloride Acwd (HC1 1M). Sodiem Sclphate (NS0, 1M as electmolyie solution. Poly Ethylene Glyeol
{ PEGH 4000 5= o hinder sl deionize walcr.

22, Symtheds of Activertedd Carduon

The sctivated carbon is synthiesized from coconut shell ssing dehydmtion method, crbmation und
chommcal activation. The coconul shell was dehydrared in & 7 dive then carbonmad w400 °C and
simmithied . Afterwards sseved on 200 mesh sieve then activated using 0.5 M NoOH activistor and soaked
for 24 hours with carbon muse ratin: NaCiH of |: 3. Subsequently, the carbon hath wis calcined ot K
C for 3 hours, after which it was wished with 0.5 M HCl and deionized water woa pH of 7 [12]. The
activated carbon powder is then dosd at 1HC for | bour to remove the water comtenit in the powder

2.3, Svnthests of reduced Graphene Oide (e(il))

Reduced Graphene Orde (1GO) b synthesired from cocoms shell with dehydrion, carbonation and
calcipation. The covonut shell was dehyvdmted for £ 7 davs then carbonized ot 400 °C. Afier it wis
calcined with a temperature of 300 C for 5 bours then it crusbed into powder. Then, the /GO pow der
wan washed with detonive warer wntil the powdered sludge was obtained [10]. To remove the water
coptent, it was then doved with a temperature of 1 1PC for | hiur

24, Symihexis of Supervapacior Elecerode

The supercapacitor clectrisde was made by dry mixing methodd on o main ingrediends, wotivated carbon
anl meduced Graphene Oxide (GO} The activated carbon/rO0 compisite electmde was composed of
severnl mass variatons ve. [0 w1 1o 25 with (G0, Each of the activated carbon powder and ri) was
i uead simmltaneousdy with Poly Ethylene Glicol (PEG ) 4000 s 2 posder binder ot a rativool 121 | 18]
The mixture wis cnished by using aly monae for | bour o obtain o homogenoous powder mixiure.
Funthermuee, the clectricde powdens were compressed using a pressare of 15 2 10" Pa to foom i pellern-
like electivde. Cotmpaciion method s & progess of powider compaction into a sample with 2 cotam shape
sccording to the mald |8].
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A, lostruments

The activated carbon powder and reduced Graphene Onade (100) were chractenieod wung X -Ray
Diffraction with an angle of 20 = 10750 of 0510 grams to understand the phase and muteria
structure. XRD test result was presented i prphic charmcierstic of XRD. The sctivaied carbon /0G0
electmde wiis charscterizad by Cyvolic YVoliemetry o know the electmehenical charactensiics of the
specific capacitance from the clectnde. Cyclic Violtemetry (CV) was tested on all vanaions of
composition of activated carbon (0 mass with clectrolyie Sodium Sulphate (Na:SOw 1M solution.
sean rate 100 mVs ' aned potential mnge at 0 - | Vol resalting voltamogrm curve. The analysis of ihe
electmde comductivity properties used Electmochemical Impedance Spectmacophy { EISy method in the
frequency mnge 100 kHz - 100 mHz wath the resull of Nyguist plod

4. Result and Discussions

The resulis of te charncterization of X-Ray Diffruction on the activated carbon and reduced Graphene
Omiide (0D} synthesized from the coconut shell (Covps meeifera) is shown i Figure 1. The test osed
posder in which each sumple w2 much o0 0.5 - L0 gram by using angle (207 in the range 17 - 507
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L. XRD pareems of acuvated carbon and reduced G ene Ohdde (rGOY),
pat

The XRD patterns in Figure | is the charaetenstic of scovated carbon aml /G0, The two wile diffraction
peaks were at 200 = 20 - MF apd 20 = 40 - 9P indicating that the phase was amorphous, compoeed by
carboe boods regulady wo it could be med ax sdsorbemt material | 17]. The sctivated carbon from the
coconmt shell im this study showed that the diffraction peaks were at 20 = 359, 43" and 45%, While the
pattern on the reduced Graplene Oxide (1GO) shows the diffraction peak at 20 = 24" and 47 where
there wiis the sume peak chiractoriation o 26 = 24" and 447 [4]. The GO phose forned was seml
crystalline: which was proved 0 have a higher imlensity compared 10 activited carbon. The XRD
intennity value was inftuenced by the covsiallinity rate of & matedal, of the material was increasingly
cryialline, the intensity got higher [ 1 7). The results of the choractenization of both samples showed the
cxistence of # stacked peak and wide, wherens the difference was ut the diffraction peak o the 2% ungle
tormed and the imweasty kvel,
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Figare 2 CV curve of pure AC electrode snd composite electrode of activated carbon/ GO at
different mass composition using scan rate 100 mVs © with potential range 0-1 V in 1M Na:SOs
eleambw wiotion

Cyclic voltimetry wies the most commonly uied characierization tes for determiming the capacitance
petformunce of the electrodes and the quantitative value of the clectrode specific cipacitances, [3.19)
The OV curve of the mtivated carbonr(GO electrode wasahown in Figore 2 at all vanations of the mass
componition using a scin rate of 100 mVs" and a petential range of 0 - | Vin s IM Na. SO, elearmlyie
solution. The CV curve obtained had a different shape amd anci due o the capacitance value held on
cach ol the differont docrades. The specilic capociance values of electrodes 10 Wi, 15wk, 15 wi'i,
K wt®h, N0 wt'l and 25 wifl oG were obwalned in the order of 620 g . 82T g 38T Fg' 424 1y
LRTEFg e 358 Fy ' Meanwhile. the pure electrde capacitance valug of pure sctivaiod carbon ws
saller than all composaie dectrodes with 157 Fg ' The ebactmude capacilance value cowld be increased
by the wddition of () makenial 7], then the 1GO mstonal from the coconmt daell could be used as
companiie ekl on acvitod carbon. The network strocture was muade by the incorparation of rGO)
material o the actvated carbon checrode . b beadprd the pores which were connecied with the sctivated
carbon partecies. comductively. Thus, the raprd clectrolyte son ransport process was Taclitated w the
elecnude | 7). Furthermore. it was found tha the specific capscitance valoe decrrase win camed by the
prewnee of incrensingly rO0) composition. The decreading capecitance vulue was cosed by the
composilion of excessve GO material. Mowt of the serface of the sctivaied carbon was covered by
GO, which the ion @ffushon process would be made in the pores of the ehectrde obstructed md the
obtuned low capacitance value would be affected | 7). If the pores of ihe clectrides were chosed 10 the
aiddithon of oo mch composite material, then the electron abworion process would be inbibied, The
magnitude of the capacitance value of the clectrode was affected by thit [3]. Therelore, the best clectmde
s commpun ton with the highest capacitance valoe was 90 wr'd sctivited corbos composstion gad 10
w1 r(X),

The sctivated carbon/vGOelectmde 9010 with the bew capacitance value was todad by EIS i
Electrachermcal Impodance Spectroscoply in order 10 determine the comdaative behavior of the
cloctrode metenal | 19].
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Flgure 3. Nyguist plot of pure activatad carbon and sctivated carbon / r0 eleamde witha
frequency range of 100 kHz - 100 mHe.

The Nyguist plot of the activated carbon elecirode and the sctivated carboniGO electrode was shown
in Figure 3. Figure 3 15 an Electmchemical Impedance Spestroshopy (EIS) analysis with a frequency
rangge of W0 KHE - 100 mHe Nyguist ploc consisted of component 7 is o real impedance and Z 7 (s an
imagimary impedance. The Nyquist EIS plot in the drawing also consisted of 3 party, the semacircle, the
alminst vertical line and the vertical line. Therefore, through e plot Nyguisd, the obtsined electonic
resistance value (R, which was the lowest point and the charge transfer redstance (R, were the
difference of the highest value with the lowest vilue 2], In Fig. 3 (a) the Nyguist plod was oblained
froen the activited carhon! fG0) composite electmde with B of 130093 £3 and R of 54,3003 {1
Meanwhile, the pure sctivased carbon electrode obtuined R, value of 2 €1 and Ry, of 159614 1) B,
which were the izl of R, and R [2]. In sddition, Figure 3 shows that the dinmeter of the semicircle
plot on the crmposite electrode was grester than that of the pure activated carbon electrode. When the
diameter of the semicircle mereased, the Inad transfer resistance (K0 |11] became higher. Therefore,
the value of the quantitative change transfer resistance in the sctivinal carbon'rG0 clectrode win lngher
thun the one of the pure activated carbon electrodes.

5. Conchimion

The best speciiic capacitance value way obiained ot composie electrode with 90 wi'h activared carbon
commperition amd 10w o008 be f 26 Fe ', whitle the specific valie of pure active carbon clectmlactivity
wais srmaller al 338 Fig ', Therelure, the specific capacitance value on the activated carbon dlectrode
could be increased with the addition of 0 muss.
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