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MmpssRanNnzawuanaLlislasiAviysedddnenmnasilufnyidesondmsunisussendldly
srunulszadeealaluewian

ANEALY: Tunamdens ievnzaluanLaLe lewiyys Sagdunsiueanlen

ABSTRACT

This research studied the synthesis of reduced graphene oxide from biomass left over
from agriculture, including macadamia shell scraps and hemp scraps. By transforming the biomass
into graphite material through the carbonization process, graphene oxide was then synthesized
from the prepared graphite powder. Graphene oxide was synthesized by using the modify
Hummer method and the the synthesized reduced graphene oxide was carried out by reduction
reaction of the graphene oxide with L-ascorbic acid in alkaline conditions (using sodium hydroxide
solution), respectively. The results of this study found that the graphite prepared from macadamia
nut shell fragments at a temperature of 800 °C for 3 hours, and graphite prepared from hemp
scraps that were carbonized at a temperature of 600 °C for 1 hour, has the percentage of
carbon element was 80.93% and 82.30%, respectively. The morphology was examined using
a scanning electron microscope found that micron-level pores were distributed within the
structure of the prepared graphite. Reduced graphene oxide is prepared by reducing graphene
oxide with L-ascorbic acid solution at the pH 9.5+0.5 has carbon content more than 93 percent.
From electrical properties investigateion, it was found that the prepared reduced graphene
oxide has low resistance and good electrical conductivity. Therefore, reduced graphene oxide
prepared from macadamia nut shells and hemp scraps has the potential to be further studies

for future applications in supercapacitor development.

Keywords: Waste Biomass; Macadamia Shell Scrap; Hemp Scarp; Reduced Graphene Oxide

unin

N3 (graphene) ﬁa’;’a@haaqﬁﬁﬁﬁiﬂiqa%qLﬁuazmammi‘uaulﬁméf'geiaﬁuﬁﬂuimqa%ﬁqgﬁ
wniiaey (hexagonal) filauinalawdu (hybridization) wuu sp” Weufuderusslariaudiifinny
ufauss dnwaizlnssainandnedens Iﬂ&lLLﬂi‘W‘uﬁE]QIHG?iM%W@UWHLLﬁ’JLLGiQﬂﬁQLﬂi’l%‘ﬂﬁﬂ%ﬂLLiﬂsLu‘ldJ
WA, 2547 Ipetinfandymsalvaesinu An Mans19158 as. 94as Nl kag AERSIANSE A3, ABUALAUAY
Tuhiwaen MNUNTINGIUUUUIEABS FIUANNUIVBILNTHULAEIUAAISUDUDEADULAED FIVINLA
i’a@ﬁnﬁmﬁﬁauﬁaLawwéfqﬁLmﬂsmaaﬂlﬂmﬂﬂﬁuaué“mugﬂﬁuq wenaniunsiuideldiuIeunnnin
viersuausiuuily AeunsiuagliflansFouunazannsawionldanunslid fadunssuaunis
wissuwnsAuddunugnaireutiaun [1, 2] warpuaudinnarviliunsfiudauudansindd
wsuazudaundsndnndnndds 200 wh uenanddsdithmiiniu arwBaneugs fanautFvidluin
wazn1snudouinn Tnsanizeg1sdemuaunsalunisiadoufivesdidnnsounioaninagesd
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1189 200,000 e’ V' 57 [2, 3] dswalunsiiuiiaudRnaliiififee Lﬁaﬁﬁ’a@aaqﬁﬁaﬂmlﬂﬁlu
mﬁ'msiaﬁ’mﬂu%uﬂﬁ]slé’ﬁ“aqamﬁaﬁal,l,ﬂﬂvm withihsnshudunsenszuenayliiauilsdianeve
A3uBusEduuIly (carbon nanotube) wazdngnssldunsinauazldvgiasiunioisuniednedi
w31 buckyball ngquiaxﬂizLﬂmﬂﬁ@mauﬁ’aﬁLmﬂshqﬁ’ulﬂ MsiwnsudausAvilanwuduai
udaunss Ml ARden wazenuBaveugs ansogndasels JeldiimninTanunsiiuanlday
shusineg 1wy mavunsitunesndsluusyavslsiundusunadlimuda sl unsaifvniifiaan
whausmummuustidmiiunndda I%Lﬁul,?:amiwﬁ’umsqul,mumw/daﬁ (Kevlar) yiwmiaawuuduia
fldste Yagihdseseiuululunisnisunng shandudaliilususmeiuasdufvlseqbeen
(supercapacitor) tugu [3-5]

nsdanTesiunsiwhldiaimmsnmuagiimamand Tnedsnamenindesldindodio
Fugemauns wideRfeliUumounsiiusuuinn Sejuiulilussdugramnssunnndy i
Basmaeiiduidnmsildasnedimldnenlluionjoinsuasisuulunmandadsing [5-9]
TnsnandaunsitudaeiimamaniitasdunnniseendladunslnsidieliAavylerduilutusswing
Furensidlivinsesnainiu (exfoliation) Bennananileinunsiiieanles (graphite oxide) 130
unsilueanie (graphene oxide) MntudailuvhuiAzen3sndusaiieand oumy flsiduesoandiau
asuanifiudszansammai i ldnntuie uezdenuandedldniidunsiiueonles (reduced
graphene oxide) dfidnuarlnssasafilndifeatuiuwnsiiu lnensduaseisidunsiueonled
ansairumsiinufisensantdulivatowuy wu Yjasensandulasldaisad Ujasesandu
Tngldanuseuluannvuialulasaw Ufiseddntulaglduas wazufisesandulagldisnislui
il Tnemawiesiiadunsilueenladdeufisedsndulneldasnaildsumnudouogiannidesan
\HuBsnsfianunsavildluviesfiRnsvly ansiadivildine wasduyulunswdoulsigannin Tag
fansiaifdoulfiduansimdunsituoonlediivldielurosufoanmseiiilufiognatsvia léun
lansdulululawsen uaznsauea-ueanadn Wuiu lnenszuiunssadunsiiusenlandnyinluantie
Adusng witidunsiuoonledildasdautivienmuamildosniunsiiufing wifdduselovide
nsUszgndldlususnegliiduegned wu nmsiilldlulagpoulndn Tlusulnilieddaseizen
gt [6, 9-11]

i (biomass) 1uaansildandsddiavioesdusenouvesdaltiavioansdundenag
i fulsl Refididnuszneuduutiuasiing Sufivuuunuesd vesdeanlssnugnainnsau
WNYATUATYNFINNTIUBINIT ;gaé’m’i Ty Bun3sily [12-16] SLui‘Jf\]ﬁ;ﬁ’uuaﬂmmﬁﬁﬂ%ama
widehsllUsleviludunsudandsnumaunuuds Snuummilaiiaulafoniniunldlums
wAnLu “smart material” TngmsuUssutantnnamendulfegluguvestaniifdneamlunsily
Usrgnildlunuiiaunsaifiuyarmaassgialduntu wu medutageoulndn duuilumalulad
funtsunmd Fufuseuften Sugnaivnssudidnnselind fumsiannduivuszquunne’
Hudu mnesduszneumaeiiiifiegluianiiunawdeiomenisinuas 1wy ievnzauuaanailods
HutanTrunaiidmnuuduasiviinaasaniu (gnin) Wussdussnaveglurnzaiuiunamin
LardIanAYiYe (Helm) dedrduosdusznouiduwaglaa (cellulose) agluuanamnn
wuiu Tngasdusznousinaquariansadsuguliduunsindldlnonssuaunisansuelumdy
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wazthlulflumsdaasesiunsiiulusuuuuvedmdunsiiusenlediamsailuliuss Teviseluls
LLazLﬂumnﬂ'muaﬁiwaﬁamaLuﬁaﬁqmzhﬁﬁﬂé’h&J [14-21]

ﬁaﬁ?ﬂuqm%%’aﬁﬁqéfmmiﬁﬂmmim%'&mLLazmim’sﬁlaawmauﬁaa&hddﬂEléuaﬁa’;eﬁl,mﬂu
sonledinianldnnireiunamieimmsinuns Ao wenzawuaninilouaziauiayss el
Iteyanuantandulstlovivedidunsiiusenladiinionls annsailudeseslufunisi
HuTageonlndn faufutsey viomahllddslonusudugiiadayadufalituinnamiods
waislaseluls

WA HuN159Y

msAnwisseuunsiulugusadunsiueenlenanianBiadiete 2 via laun Tandua
Nniwnzauuarale uazTandunanniamuines denunsieuazeauazieseslioglugy
Yoamaud Inensdansziaidunsituoenles fnsvuiunisiwdoy 3 dumeundn laud nsiede
unshilfanTanasis 2 wde msdaasizsiunsiiusenles waznsduasieRsindunsilueanles
MnthnsAnansRvedmdunsiusenlesiinIodls Inoudavduneudused

1. mswssuwnsindanTiuna

Puasnzawuannadionaziavdduiyiiiiunsiiauazenuds 1unanIuIndae
\n3osunnsazLBuniie lTiuunnUsEIM 100 mesh 9NHUANIALEL DAL BUNITINIAIULTES
msispuunsidandnans 2 via vilagldnszuiunisansuelumdu (carbonization) Hadawna
Tumwnmsuialulasiay ImaﬁﬂmqmmmmizammﬁLmnzauﬁm%umsl,m%amaLwiamﬁm
dielnansanmduunslng Femuinanmefivanzadlunsedouwnslidmnuarenzaiwunnagle
Aonsuniigamgdl 800 "C uazldnanlumsmum 3 $lus waznisiwIouunslndainsamin
Aomaniigaumgll 600 °C uarldinanluniswiuiu 1 Flasnnduirlvanuuelagldueadiad uén
thnaunslilifssoulgiludedeinduiaraisaranensalalnsaaaniniions iermindsantsn
Fuuidou wavdmaunslngAlaluouliutdnIosevandou anntuthlusourunzLnssvLIn
200 mesh LLé”JﬁwmLLﬂilwﬁﬁlé’ﬁﬂﬂué’@mmm%mﬁaiﬁu%umusiaiﬂ

2. MsdaAsIzviunsiueanled

¥nsdaeseiunsiiueenlasanaauns i iwseuldanndunaaowin fe unsiueenlss
PNLAvNEaILLALATsLarNLAYAYIIRIEI luAEASHLLES (Modified Hummer) [9, 22] 1ng
mMswssuLnsHusanlesandmnans 2 siaivihlnewinsadafinsnduduusunns 46 mL uuddne
ihifudieanguunilvifigumgivszan 0 °C mnduiunsnsiidniin 1 nfuwesiiulnumado
Wosisnuund iy 3 ndu s DI UTnes 46 mL udlianufeunnansuriuasssufioumai
98 °C aanthufiniin DI USuas 140 mL wazniunandeauigy 50 seusount inansazane
Tglasulasoanlesrudududosas 30 IneUSunsuarvaisazanslaiolensenlesiinnududu
8 M U311ms 82 mL ansuvauassdildnssamiunszaunsonues 40 feia3es vacuum dryer
vt dasesaet D.. sumenuunseiiwenidsdiawiiu 6 antuiunsitueenles
flFluouiigamnd 80 °C dunsfusenlediinunsouduliluggansdudendeutiUidnusely
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3. MIFLATIEAIAITLNT e N YR

msdauaneismdunsiueenledvlneifidunsiueenledfnieuldiensauoa-uweanadn
(L-ascorbic acid) Tuanngiluss (dansavaneludenlonsonled) Inethunsiueenlediiduaszi
FeiluRrhes Lo TeuRIUATUNSITLIA 200 mesh A ntuthrunsiuoenlsdildu-ldasly
ﬂﬂLﬂ@%ﬁUiiﬁ!ﬁ’] D.l. U31ms 100 mL LLé";ﬁﬂUﬁ’ﬂﬁLmﬂﬁaé’wﬂﬁugamﬂﬂuﬁﬂmmﬁ@ (sonication)
wiu 30 Wi Mntudinnsauea-weanadn 300 fadniunduuanmeanunduiiaeasazans
Tedesilansonledamuidadu 02 M aumsazaedarfiiovegluzag 9-10 MnduinuAseuarauau
gaumnilagliegfigamgd 95+5 °C w1y 2 Halus

4. MINATIEANBUZLANIZVDI TN

nMsnsaseudnuurduguvesianfogisinlagliedodidnnseunuudeansin (Scanning
electron microscope, iq"u Phenom XL G2 Desktop SEM, Thermo Fisher Scientific, Netherland)
\oRnudnvariuRvesduiududuazldinadn SEMEDS (Enerey Dispersive Spectroscopy)
ileAlnszsiesduszneusIgdneniflegluansietne mslinsizsiantivesianfiegiafiondnnns
Fonvwessdendvilagldintodinresimsdeiuussdiond (Reris Benchtop X-ray Diffractometer,
Malvern PANalytical, Netherland) l¥naenssdionduslunuuuneuias (=1.5406) N153ATIEINY
Wqﬁ%’uﬁLﬂuaﬁﬁﬂisﬂa‘uE]Qiiui’aﬂﬁaaﬁhqﬁﬂmaiéﬁ'mﬂﬁﬂv\luL%'&J%mméwa%m%uWﬂLmaLUﬂImaiﬂﬂ
(Fourier Transform Infrared Spectroscopy, FTIR) shela3eayiSosmudwosudunsusaanlns
Amas (model Spectrum two, PerkinElmer, USA)

5. MIvadauaNUANIsini

ymsanwaudAnseulniiaivesasiedslagldssuumadividiauuu 3 Bidnlnse lae
1583 Autolab PGSTAT204 (Metrohm, Switzerland) neldannsgngivies lneddnlnsnyineu
(working electrode) \udalufunaadasueu (slassy carbon) MANUAYRIARINTNIENERIIU
wn 0.5 m wazdesethnduliarernmdenlnentsnansywing 20 me Smdunsiusenlefuazi
¥hazats DHF 0.5 mL andutilduanlmdfusemadalaindu (sonication) wiu 1 $1lue 1h
ansavarewauileusunn 5 L vieaasuy glassy carbon electrode v ldudedae Uv-
lamp (Feraeende) Bidninsneae (auxiliary electrode) 1Hiluvnainunaiiv (Pt wire) waw
Blaningne19da (reference electrode) T Tu Ag/AgCL (1 M KCl) vinisAnwiluansazate 5 mM
Ferricyanide (Fe(CN)) Tu 0.1 M Potassium chloride (KCl) ms@inwantinilniiaivessaidunsily
sanleainiouldanndunaaeswiailaenisane electrochemical impedance Tngldnanud
w23 0.01 Hz — 100 kHz waz@inw cyclic voltammogram (CV) curve fifasanusinadndszning
1050 f9 1.20 V 1ngldf scan rate Wity 0.1 V s-1 vhanegatios 3 ads

NAN338
1. MINTIVAOUFUFININGIIBSEM
ANUALVNEUFILIVYIVOINLABNTAUAAATBLAZNAAYIYTI ATIABUMIUNADI SEM
fhefdss x1000 wanslddnmi 1 uasdnuarduguinewesunslndanasnsatuuaniaiie
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uazlAwiws (n-1) Sidunsiiueanlsnaniasnyaigaadolaziawiys (A-1) JMTI9d0Um Y
NA09 SEM femaanie x5000 wanslasaning 2 auaisu

AN 1 Snwairdiug e ves (n) kuAYnzalAANALTY Lay (V) HaAuiye

nMsnTRseUAnYMy NN WINeITemAda SEM nuindnvazvessunsludildainnis
IR aAYNZALAAIATTBuATRIBANARYYs TdnvargUTaTwenidlunndnvardag e
vasTagrauagiednau Inenunslidfasdsnvasfuusuiifiznsumnadnssduluaseuunsnaglu
Tassaesnuann wavdmdunsilueenlasfimsenanluiunouseinasuansdnuvavousiuuns
fflnumnsyiuuluuasuaslilasumsegdiuouinn uansimaiamswdondlflunisdanses

v
[

A i~ oL ° Yo aa 9 1
Sidunsitueanledianusavililadannituvesrnuuiiuszauunluussuazlulaswnsla
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(m)

A9 2 AnwasdugIuing1ves (n-) wnshndainsnzauuanalowaziayiyyl wag (A-1)
FdunsiusenlenainiAsnzaruzAailouazLAwi s AUaRU

2. HAN1SMSIIABUBIAUSENBURIY SEM-EDS

nMsAnyesiusneumaeiinang Megluiandunanniasnsaluuaniaidowasiasins
nasnauwnsllduaziidunsiueanlediwieulanintanTuans 2 via Ineldinailn SEM-EDS

NATLALARNIAINITIN 1

M19199 1 uanadesazveteddusenausnAiuaukarandunnsIInUlulanudazylin

$08AzY9IRIAUTENBUTDITINTINTIINY

AU 1IEn
! C O
HOLAENTALNAATLALLY 58.05 38.89
ANECITRRIEN 59.85 38.63
HaLNSIANLAYNEALUAR LAY 80.93 9.46
HaNTIA LAY 82.30 13.92
He3AgLNsHuenlenaInAENEaILLAR1LALTEY 97.30 1.49
NI ALNTAUDDN TR INLAY R 93.61 4.32
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NMNANTIAT IR EWATA SEMEDS wuinansiaee wilesrussnoumiande sznewsnA1suau (C)
uazsmeenTiau (O) Faduswuszneundnitannsalivenianisnansanmannanstaunaludunnslg
lﬁLﬁaﬁ’lmamﬁasﬁamaﬁamwﬁLv«mzau TngnsinsesalsunslidaniAenzaluuanalanau
WlS oAz YDInNS UBULAZOBNTLAUWMNAU 58.05 L% 38.89 AUAINU FMSINNIAUNZaLLAALAEY
fanemunzay nuiandndileiifevazvetesnaunIsusULAZEONTIAULYINAY 80.93 LAY 9.46
AaRy dmsunisessunsiidnau yramuITsnanoudUsinassazve e neNAITUIY
WazoeNBIaUWInAU 59.85 uaz 38.63 AUAINU wazndsnsuniian e munzaunuinandniileas
$90azU090EAOUATSUBULATDENTLAUYINAU 82.30 way 13.92 Audy wanslinsuindianiig
Y9I Tal finnsnarenmanndandaunanusssunatuiluaisusznaunnsig yonani
wdulovnsdunsziunsiiusenlesuas3mdunsiiusanlonainmaunstidimioulaniaenzan
wuanswazimuiy defnwesrussneunuiimdunsiueenlediiwSenldannasnyaiuuan
wileigevazasnuounazoandiauiiu 97.30 way 1.49 auadidu wazimgunsilusanlesi
wisnldneuiyvelisevazueinisuouuazeandiauiintu 93.61 way 4.32 aud ey Fauandlii
ysUIERdunsiusonladsenldfienuuigviinntuasilesdUssneuresenusuiigau fiaunn
ilUlgnulusulndiedle

3. NANINTIEUBIAUSENBUAILSEM-EDS

PNNANMTIATIZRFEWATR Xray diffraction Wiefnwilasisandnvesidunsiiveenlys
unafilduanssaninii 3

500 500

400 -| 400

2¢ 61302
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=]
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200
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(n) (@)

A 3 alnasunsTIvEaUaNEMELATIAS 1998 (M) SAaTLAsHuBan R NLAYNEALLAATLALIY
way (v) FMdunsiuseanlesainiaviges

4. Tpssasrandnvaawnsindianudulassimdnunnnitwnsiy Inefiansaetuuvaawnsing
sefldnuwazgiunie 2 fim Aigu 20 Yszana 26-28° uazil 43° aenndesiuszuiu (002) uay (100)

ANUAIRU Nwansdnwazanzvamns bdndulasesnesenineasuauiulalasau [16-18] d1msu
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& =N 4 Na s a s o = ~ =
g‘ULLUU“UENmiLa?J’JLUUSUENNaLaﬂszjsuaﬂimszjl,l,ﬂﬁ/\luaaﬂlmuLLmImJﬂ’]iLaauﬁuadWﬂlﬂngu 29 7

anas uasnuin3idunsitueanlendnisnuiiafi 20 9 24.8 Famniiausngludisyu 20 Wiy
21-25 99A1 WARRSlATITHENRNIZYRMNTAY Fuinainlasesawdnvesasusuiulelasiauves
wnsilu wazmnfinusinglutigu 20 Wi 10-15 9 azuansdialassssudnianizvaunsiiu

sa a 3

88ﬂbLSUGWlLﬂ@ﬁ]ﬂﬂﬂ’]iUﬁluﬁUa@ﬂ%Lﬁ]u ﬁl']usli’Nl:!ll 26 WU 26-28 83AT ATUAASENHULLANIZVDY

wnslufidulasesnsseminensueuiulolasiau [10-11, 23]
5. MInsaaeunyileidudie FTIR
MnranTasgingiliiduanzreditunsitusenleiiniouldandaans 2 v oy
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