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Specific capacitance of composite electrode activated carbon/rGO of
coconut shell (Cocos nucifera) as supercapacitor electrode
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Specific capacitance of composite electrode activated
carbon/rGO of coconut shell (Cocos nucifera) as
supercapacitor electrode
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Abstract, The Actisated CarboniCl) sipercapos gor electrode from cocomue sbell 1Coves
wincifrrod m i rescirch hes boen soccrssiilly synthesored yemg dey moung methesl In tis
sy ihe sy oompen o of compueesile el 10 =t oGO aed @0 wrS Activard Corben To
Find ot the capassitarce of the elecinade s performed cyuls sllanmetnic Churscer st on &
o oscan rabe ol 1S maWs * e s | M NSO clectlyie st Plectode e aoierid i 109 e
B BET and OV wa. The O charswerinaton mmults show the best capesfance waler oocurs @
sanrmeol | mVes e 10 Fg" Al g lbw scn m e om oplic voltammotry, the cloctnoms have a
lomy time b diffiss cvemly W e electnode serface and the preates the charpe inmaler resaliing
n phar cpactance values. Comversely, the hipher the soan raie, the ¢lctmumn cas diffuse
rapad ity sl the Charpe & msber process i the cleoinde sirteee b sery lgied

I It oot n

The development of research on nauel maserials tha have the poleniul = rencwable tochaologies s
increasing rapidiy . Oue application of lechnology that is often usad in Efe b the supercapacior ehecrode.
Many stwdies huve woooeded in synthesinng supercapacion clecrodes with pood ¢ lectrochemcal
perfvrmance |1.2] The supercapaciion is i device with an enerpy dorape syalon that s able bo provide
high power storspe m oo shot time [13.4] sl hos o coll Copacitance range betwern (042000 F [5].
In general the suparcapaiior consists of 3 par of chostrodes. separator and clectrodyie sohaton | 6] which
will make the procews of wom transfer ocour betweorn the rwn electmdes . The process takes place where
the voltage s applied © the suparcapacit, the oo i the electralyte wlution diffuse mto he poses of
the electnde. Charging ion that eccuns between the surface of the clectrude and electmolyie, formmn two
chargnd layers idouble layen ) with a very wmall separation distance [6]. o determining the electrical
proparties of the supercapacior. it is pecesary W slect the nght material as the supencapciior
clectrode. Supercapacion electrodes are clecticl conductors thit have the shility o sbsorh ad release
clectrons Trom thelr surface. The storuge process occurming on the deciode surface wall affaa the
specifie enpacitanee valme [7] The electral popesties of the wpercapacitorn are determined by the
sehoction of appropriake materials, Electrodes are ehectnical conducons that sre able to shesorh amd release
s from their surfices. On the surface of the clectrode, e scoowibidity of wma s infhicaced by the
pore diameter, or midirectly m the form of pore volume The wuialler the por wre, the on xesebility
will be lmter and will incresse the efficiency of ihe surlsce area on the clectrode. Electmdes that have
a very larpe surtace arca will mazimise the shuorption of glectmo, so with & vory lange sirface arca
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in passihle to have o fange capacitanos vabise as well. The roquiremenis of the supercitor elecimde afe o
have low prantance. good elecmlyie acocs bty good chomweal wd mechanical stabiliy. and high
capacitance valies [B]. Sopercapscior clectrodes can be made by using Activied Carbon msberials
112} Owe study that has synthesized reduced Graphene Ovxide/Activated Carbon (GAC) composite
ehevirmdes with s tﬂﬁrl.' electnude capacitnee value was oblaimed vsing a cyclic voltammetry test (CV)
ata scun rate of | mVs' with | Mﬂu{1mlmum‘imﬂ'n=1ncumnhﬂbu anmpanite clectnmde
obtained the best capacitance value that is sjual 10 181 Fg ' in mas compoaition GAC-20 (rGO-20 wd
AC-80) [ 1], Furthermore. other shudies conducted priphenc and activaled composiic symihess == 3
super-capacitor electiode with o ample method that s by sltmsomfication, dmothormal carbonation
wred chenical sctivation with KOM. Specific copacitsnce values obssined on Graphene: Activatad Carbaon
clectrodes of 210 Fg ' & 2 scan mate of | mVs'. e higher than the Activeied Carbon clectrodes of 76
Fg" ata wan rate of | m¥s ' [2]

Bascd om several gudics shoe the matenal el b relatively cypensive | 1 2] hecase i is pot derived
froven pustural masterssds, This roscarch innos sted osiig natoral matenials amd simpler awthods snd eaicr
m the process of makmg Activased CarhonaCi) i reduced Graphene Onode ) composates. This rescarch
was carmed out witho! the read lor expemive salvents The mothind of muking compesite electrmde 5
dry mining method. Dey mixing mothod s a method of mixing te muterial in the form of & powder with
nmﬂml‘m'ﬁnrumwdm the use of solvent and done in the outside air, used when the matenal s
nid gy W oeapetionee oxidation in the outsdide alt (9] So this research s able o make componite
electroilen with alfondable materials amd simplér methods but are shle o huve good specific capacitance
villues as clevimdes. Furthermore, in another tudy shout Activated Carbon™VIF composste clocirodes
using a simpls mixing method with & compositinn of 10 wtS PVDF, Activated Carbon PVDF composke
electnudes are given a separator made of polymer clectrolyte (PVAH PO by 3wl pel method md then
charierizad wing cvclic voltammietry (CV) with wan mte varigions & 3 mVe', 10 mVe ', M mWVa',
S mVa ' and SO mVe" The resulls show ihe larpest spociflic capacitanoe value of 86 Fy ' a1 the lrvest
scam rabe in S mVs ' | 1], This research of Activated Cambonr(GO compostie ehectrodes which hud heen

ised was lestod by BET ( Brumsiper-Esmier. Feller) to fmd out the pore siee ond nurface e of
chectrosdes. and Cycle Yolummetry OV owing a wan mie vanaton of -5 mYs! which refens o
provwoms st

1. Materials snd Methode

2.1 Mairrialy

The material used i this sudy is derived from natuml ingredients. namely coconut shedl | Covns
mucifera). Additional and sipporting mueriab ied in the synithesn of Activated Carbonri compoiie
chectrodes are chemicals that are pure amaly s and ased withom pundfication, inchdmg Sodem Chade
(0.5 M NalOH) = a chemical sctivator, Chloride Acad (1M HOT), Sodim Sulfate (1M Na S0, ) 2s an
clectmiyie solution . Poly Ethilene Glycol IPEG) 4000 a 2 binder and dewonire w aler

22, Svmeheids of Activesteed Carbon

Method of making Actovated Carbon from cocomst shell wang dehydmton method, curbontion amd
chemical activation. The cooonut shell s debydraed under the sun £ 7 days, then carbonized s 300°C
and smoothal. Aller thi it wes sieved on 300 mesh seve then sctivited ising 0.5 M NalUH activio
and soaked Tor 24 howrs with corbon muass o NaOH of 113, Subsequently. the carhon bath was
callcinad a1 BOUPC for  bours, after which i was washed with 0.5 M HOI and delomeed water until the
pH reschad 7 |11] The Activated Carbon powder i thon doed @ | HPC for | bour w0 remove the st
content in the powder.

2.3, Synihesti of redwwd Girapleene Otde (100

Reduced Graphene (hade (10 s syathesrad from nstuml i coconot shell (Coons mecdfers) using
dehydrtion. carbotiauon snd cakeinstion mathods. Cocomul shells thal have been proparad ae
debydrated for = 7 days thon carhonated o JO0°C. Alter tha it s calcined with a iemperatire ol 400 "C
fiw S b and then mashesl 80 becomie & powdder Furthermare, the GO powder wan wished with
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iennire water In ohtan a preapitste of i) powder [12]. To emowve the waler content: then dried with
& woperature of 1100°C for | hour

2.4, Symthextn of Supercupsrctior Eleyirovde

The Activated Carbon/rGO compeosiie clocimde s o supercapacitior wis proparad by usmg diy muving
method on two man ingredients ie Activated Carbon and reduced Graphene Onide (1GO), synthesined
fromn natura] mustenial e coconut shell (Cocox sucifera). The compuosition of the Activated Carbon/rl i)
composite ¢lectode was used for 90 wits Acuvuted Carbon and 10 w1 /GO, Pre- symibosized Activated
Curbon and rG0 powders were mined simubltancously with Poly Ethylene Glicol (PEG) 4000 2+ &
prowder binder at 2 ratio of 101 [13]. The powder mixnme was crushed by asing sbs monar for | hoor
il a mvtwre of homogencous pawder was obtmned without any clumps. Ferthermare. the elecirode
porder o commpresed usmg 3 pressase of 1.5 = 10° Pa 1o form a peliet-Dike dectrode. The compaction
method is @ process of compacting powder kmo o sample with a cemtuin shape scconding 10 the mokd | 9],

3. lostrusmen tathon

The Activaled Caon'r(id ceandde chauctenred by BET (Mrumaier- Esmer-Teller) b a
charscienzalion commonly used (o i ol the pore sige and surfuce es of the sample [11]. The
charactenzation took used are the NovaWin BET Quantachrome |1 0 engine contained in the Integraed
Science Labormtory of the Faculty of Mathematics wsd Nutural Sciences, Universite Negeri Surabays
Electrode wmples in the fonm of 0,14 gram of powder were beated using tempenstune M0°C with
fuitrogen gas (N sample for 3 hours. Subsequently the Activated CarboniGO composite ¢loctrode was
charactenand by Cydie Volemetry w deternidine it electmchemical chamcieristics. Cyolic wltametry
(CV) is an efTective method of daermining clectrochemical performance of the clectrode muderial [ 1.2].
Mot studies have wed cyciic vollammetry 1ests s 3 charsctenzation inol aatahle ior chamoering
clectrode capacitive hobavor and can measire the spodilic capacitance valees of electmdes [1.2] S0 in
this study clectrode iested voltemetrt Cyvilic 10V 10 know the value of its specific capacitunce. The CV
bt weed 8 scun rale varsbion of 1-5 sV ' i M soddiom solfue (Na;SOL) electrolyie sobision and &
potential range st 0 - | Vol resalting in a wolammn gram carve.

4. Result und Discussions

The Activated Carbon/i) eompasite clectmde has hoen synthestzad fmm the cocaniis shell
clurwtenoad using BET and CV. BET or Nrwner- Emines- Teller is vsad 1o determine the physical
charactensiics of ¢hectmdes. The chamcierization uwad 10 determine the pose siee and surface area of 3
materiul sample b e chiarsctenization of HET ( Brwmerr-E mmet- Teller), Pote siee moan chetmde can
alfect its electrochemical performance. Electrodes havieg larpe sarface area wall mavmise the oo
absorption rocess. there by llowitg sn dectirode o have  Larpe capaciance value [8] In the BET
wsung process the ample slectmde n hested and fad by niogen g where the gas portion citerng
it the pores prodsocs the sdumison oufve, offerwise the pos comng oul of the pors pelds the
desorpiion curve. The process b analy sed pore see and pore ser{sce area using BIH or { Rarver Jovser-
Hallenda) method . Basad on the BET characterintic resulis, the pore sz distribution curve 18 shown in
Figore |
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[ Figure 1. Gragh of pory sise distribution st (1) Activated CarbondtGO compuosite electrode: (b) .
| pure rGAD dlectmdes J

Hased on the result of BET charscteriatic, the pote size distribution vuloes of coch sample are shown in
Table |

Table 1. Pore size distribution ratio of Activated Carbon/e(0 compasile
clecuodes and pure #GO dhectrogdes.
R Largest Pore Distnbution Poee Dhameicr
fecimmigy 000 (mm)
Actnatod Carbomri3d)  OIN4ERS  00IBH  3MT4 3w
crmpoake clec tnide
H’-‘l’t 16D electmdy I:I.I!ﬂ".ﬂ'i ﬂltll‘!ﬂ _Jlli'l'_ll__ﬁ Ao

Table 1 shows the pore size divtribunen valoes of Activited Carbon/ oGO composi e lecindes and pure
G0 electondes. So thit the diameter ol the pore shee on the Activited Carbonr GO composie electrode
s in the runge 303330 nm, while the pore sire diameter of the pure r(0 clectmde i in the range 207-
3257 nm. BJH data iv aho indicabed by desiption-desorpiion data with the iswotherni curve shown in

Figure 2

e = L w— ] — A

$

W ibming Aerucd G T rangd
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'Ihn 2. lwterm curves of Aotvsted Carbono(il) comporate
clectodes and pure rGO electrodes
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Frgure 2 dhows the isotherm curves of Actrvated Carbon composite ehectmden and pure ri0 electdes
The curve shows the relatiombip between relative pressure (P o & empermture of 773 K and the
volutie of absorbent gas used e nitrogen (N2, The two otherms curves show the sdsorption-desorption
prooess in cach sample forming the histeras [oop. The isotherm curve in both samples showed an IV
type adsorption-desorption Curve type which was a mesaporous characteristic (2 am < d < 50 nm) with
a hystercsis loop type (H 1) showing s cylindrical pore shage | 14], On both curves shows the differemt
end of the votherm curve that is the 1ip of the open curve indicating that the nitroges gas. shworbel
dunng the adworption process is retaned within the pone so fthat the volume of te sheorbed gas 1 greater
than the volume of gis rebeased i the time of dessrption. The curve als forms 8 hysteress loop the »
for the Aciiveted CarbonaGO composite dlectrode fomed at i selotive pressure inge (0.85.0 98 PP
whils on the pure fG0 cleamide o & relative pressare mnge 92098 PP w that with the formation
of the hysteresis loop os the carve shows Uhat the peesence of mitrogen gas particles irapped in the pornes
Furthermose. the pore sire and wirfsce ancs of cach sample are shown in Tuble 2

Table 2. Pore Size Vadue and Siriace Area of Activated Carbon simple
from coonmut shell ', reduced Graphene Chide (rGO) from cooonul
shell and Actrvatd Carbon (/0G0 composiie dlectmde.

Muerial Pore Size Surfoue arca
B B |1 —
Activased Catwom 1110 TH4 - 3143 219347 - I0TRATR
reduced Geaghene Ohde (/G0 307 - 3258 IS - K472
Compurite electrde 108 - 340 ozol - 1074

The Activated Carban/iGO composite cloctrode obtamed pore sire of 105 nm amd & aerface area of
10201 m'p while in deuwpten with 5 pore sige of 340 am and 3 wrime wes of 10744 orip.
Furthormaore ., the pure fGO electiode obtained aduorption dita with a pore sire of 12 58 nm and a sorface
ava of 1382 mig while in desorption with u pow siee of 307 nm and & surfoce wva of $4.72 mig. So
the pore see of the Activated Carbon/rGO cramposite ¢lectrde s in(he ranpe 105340 nm while the
surfaoe srew is in the ranpe 102402- 10744 mip. Furthermore, the pore size of rG() is in the mnge of
3r5-32.58 nm while its surface arca s in the mange 15.82-84.72 m'g. Funhermore, the Activased
Carban maserial synthesired from the coconut shell (€ minifiera) wan chamoterized by BET in a
previoos study |8 resulting in BET characteristics osing the BIH ( Barrer fovoer. Hallemda) method the
pore s of coconul shell Activated Carbon minged from 7.94-31 43 mm. While the warface ara i in the
range 219347, 10784 78 m'/g. Activated Carbon and #GO from coconut sholl (Caons mucifers ) s the
bigade ingreddients of Actvated Carboa/r() componiie cectrodes., pore sire aml surface sies ste known
Tt shows that the pore surface e of Activaied Carbon s bigper than the composite material thal n
rGO. The large o sarface area s Jue o the smaller pore wze. A large pore surface arcs will allvw
man i sbwaorption of ons. So thet it can allow the abwerption of oas on the composite clectrode does
not las maximally because some of the pores of Activaled Carbon are coverad by 1GO whilch has o large
porows siee. However, the amount of compostion of el weed s only 10 w15 compared to the amount
of Activatod Carhan which & more than 90 wt's. So that the composition of f30 that [« net too much
causes the pore surface ares of the dlectmde nod 1o be covered. It is therefore necewary 1o use
mass composibions in the syathesis of composiie chectrodes. By testing BET on Activisiad Carbono/r(30
composite electmdes can shirw the ability of the clectrode m carrying out its functon #s @ sapercane itor
electrode which i the process of ion absorpton asd sorage. I the BET 1ot b prven sheorbate i the
Torm of nitrogen gas N ) clectrode capable of abworbung slttopen gas il cae be spplied W the CV st
where the chectrode m uble 10 abwawb the oo amd s oo capasiance. la the proces of tensier amd
sormpe of i reguired the right pore size o thal B will seumize s clectrochemical performance.
Furthirmnore. 1o determine the clectrochemical perfonmance of the clectrode. 8 cvclic voltammaetry test
s nocded 1o determne the specific capaceance value of an clectrode

A oyl voltammetry ies! b sad to dolermine the speaific aapacitance vilues bekd by the electrode,
The result of cyclic voltamumetry charactenzmion n this rescarch is o voltammogram curve with carve
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compone on e verical s representmg Corrent (A) and o6 honsontal axis representing Potent il
(V) sharien b Figure 3
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Figure 1. Cyvlic vohametric curve of Activaled Carbonv(0 I
camponsite elegtrode {00710 il ) with scam rate vardaton |-% mVs ', |
potemial rnge 0 - | V in IM Na.SO, elecuolyte soltion.

Figure 3 shows the soltsmmogram cunve of the Acthated CarbontGO composite eloctrade with &
different scam rate varstion of 1-3 mVe' The poteatial mange of we is 2t 0-1 V wath Sodmm Salfue
(NS0 IM dectmivie solution. The volammogram curve is 2 reversible curve on coch scan rge. The
volanmegram ourve shows the process of changing and discharging the current on the olectrede, wheve
the upper curve s the process of charging cuirent s the kwer curve §s the process of the elease of the
current . The voltammaogram curve or OV curve show s that there i no shgnilicont change in the shape of
the curve. This ax indicated by the shipe of 8 curve than s stll similar o the icrease i scan rate but the
exten of the curve changes gradually even though the shape temds (o be stable, On the CV carve with
the smallest sonn mie of |'mVs ' shows the exvistence of o mone stable tomge and meloase process with
acurve shapee that alinied resembles o borizontsl straight line 31 the top and that of the curve. ln contrast
1o other CV curves where incoming and outgomg cumments experience a high or more amtable sarpe in
change. This i evilenced by the shape of the CV cimrve that sises almosd vertically up o the top and
Jomps down ul the bottomi of the corve. The CV curve that tends o have 1 horirongal line or resembles
s rectangular shape » a0 sdeal TV curve. The shape of & rectanguier-like curve shows that the charge
dorape process iy stable where e demaity ol the currem os stable o the poteatil differeme incmeases
The curve is & curve that approaches the idoal curve comditions on the capacitor | 15]. The capacitance
value of the Activated Carbon/rG0 compendie electrode has J il ferent values with different use of scan
rate valoes. The mesull of caloulatwon of specific capecitime value s whown with goaph in Figuee 4.
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Figgure 4. Graph of the relationship hetween tho clectode specific |
_capacitance value srd the wun rate variation (15 mVs ') a4

Figure 4 shows a graph of the relationship between the specific capaciance value mid the scan rate
wartitnn in which the graph decresses the specilic capacitance salic aliag with the inorease m the scan
rute. The upecific capacitance value of Activalial Carbon'rGO composkie elecmrdes ol & scan rate of |-
5 mVa ' insequence o 136 Fg 'L 1685 Fe' L 11730 Fg ' 8392 Fg ' and 7233 Fg ' From the resoits of
the calivlation of the specifac capacitance vatise (Cs) of Actnated Carbon (0 composiie dhoctrodes
using the Matlah applicatsm. the besl capacitance value b obtsined & the scan rate of | mVs® by 134
Fg'. Al wan i of 2 mVs ' there wis o drasically decreased valloe of specific capacitanor ie from
3 Fg' w 1883 Fg' Fanhermore, m the soan tate of 3-5 mVs docreases the specific capacitance
values showly. The value of the specific capaaince of the composite clectrde decrcases with the
incremie of san mic usal in the CV test. This decmcase cim be causad bociuse the scan mie value in
mvensely propormonal 1o the specific capas itince value (Cs ), So that the specific copaciiance value will
decrease akong wilh the increase in wan robe valae [S]

In the CV test occurs the process of reduction and oxidation on the surfoce of the electmde which
will then produce measurable clectrio curment ut a cortain potential. The use of the snalles wan e in
thin study is | mVe' wheere doring the clectrolyte storage process gencrated lage cathodic corments 1o
allow for more wored loads Bt then with the sdded valie of scan rate, the resubling current is unstable
with incressing potential, w0 it can cause the process of rodocticn and oxidation s fast. ALt time of
the roduction process af the chectrode poles (changuagd oo the proocss of adwrption ssd desorpton
of s on the electmlvie s thit the formatnon of 2 double Isyer on the dectrade and cleciolyie [2.18].
At o lirger scan rte i can be posaihle 1o mdoce the process to the smaller cathodic poles, 2 electmm
that cam be bosaned only bry @ small ansount of material, wo that the reduction proces tukes plice guickly
and the electrom camnot be completely stored by the ehectrnde poles. The higher the scan rate used., the
specific copacitance vilue will decreme due bo the limitatons of b chorge wansler on the electnde if
high current demwty |2]. Furthermore, when the proocss of charging he voltage on the electmade, when
the scam raie is given the smaller the flow of the vollage will enter sowly so that it can through the
electrode surface o the inshde. While if the scan rife bs Lege then the voltage Mow can only pas hrough
the outer sutface of the elocirode so that no charging proces s complete. 5o that the research b
socceeded mn syntheszing natural Activared Carbon G} composdte electmdes which are cocomit shell
(Cncrs msiifera ) with good specific capacitance.

£ Conocluslon

The Activated CarboniGU composse dheamde smd puse 1060 elactimde lave dificrent pore sire and
pore urrface ares. The pore sise of the Actvated Carbon/il i) composite cloctrde is i the range of
3053 40 nm and the pore sare of the pure 1GO cloctrode s in the range 307-3238 om, which was a
e charscteridi . 5o both cloctrode maleriah are matenak with mesopenic charsceristivs. The
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value of the speafic capaciance of the hest Actrvated Carbonr(i electrode s obtained from the Cyelic
Voltwmumetry (CV ) iest on the use of | m Ve soan rate with 90 wile Activiied Cabon composithon and
1 wr® oGO of 336 Fie ', whille the specilic capacitance villue of the electrode. the smallest s present sl
the § m¥s' scan rate of 72,33 Fg'. So the use of o small scan rate cones the capacitance valoe oswned
by the electrodde & be better | 2]
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