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Abstract

The sugarcane and sugar industry are one of the main industry of Thailand.
Nowadays, there is a large excess of biomass waste from sugarcane and sugar
industry. Bagasse is used in various applications, for example, as fuel of electricity
production, as raw material for ethanol and biodiesel production and as a pet food.
However, a lot of sugar cane leaves (SCL) was burnt without further application,
releasing harmful gases and causing air pollution. Therefore, this special project has
proposed a value-added and potential use of SCL as a raw material of activated
carbon (AC) and its supercapacitor application. The synthesis of AC from SCL consists
of two steps; carbonization and physical activation with steam. The synthesis
condition was optimized by varying carbonization temperature (400, 500 and 600°C)
and activation temperature (800, 850 and 900°C). It was found that the charcoal
carbonized at 500°C shows the highest surface area of 222 mz/g. The 500°C-charcoal
was used further for steam activation. It was found that properties of ACs depend on
activation temperature. The AC activated at 850°C shows the highest surface area of
1,104 mz/g, while the AC activated at 800°C shows the highest specific capacitance of
14 F/g. The above results show a potential use of SCL as a precursor of AC and the
SCL-derived AC show electrochemical properties of supercapacitor electrode.
However, to correlate AC properties and specific capacitance values, not only surface

area but the pore structure and conductivity of AC must be considered.
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TREEGL
-1
) 2 C(Fg)
Electrode material SA (m'/g) )
Aqueous Organic ILs
Activated carbons 1000-3000 200-400 100-150 100-150
Template carbon 500-2500 120-350 120-135 150
Carbon nanotube (CNTs) 120-500 20-180 20-80 20-45
Carbide-derived carbon 1000-1600 - 100-140 100-150
Carbon black 250-2000 <300 - -
Aerogels/xerogels 400-1000 40-220 <160 -

SA: surface area and C: gravimetric capacitance values.
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23.1.1 ffuuszgliiuuusdudaiawes (Double layer)

2.3.1.2 dufivdszgliiuuuglan1h@in (Pseudocapacitive)
2.3.1.3 fuduuszglniuuunas (Hybrid)

2
a v aa

P v & o A € =l ! =
FeluanAdedfievauladifulsgaliihuuvduilaaieeivagaziinsnaniag
asugluiitedialy

Capacitors
— l I
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- Tanta - Film
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~Variable
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Ry s PHPBO, ~ AC Battery/capacitor
« Carbon nanostructures EApRge’ gdoNEaF « NIOH), ~ AC Comibinations
« Graphene Composite electrodes o MAO, - AG
* GraphitelLi — AC
o Li,TigO,, - AC
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e | it vindvo™
* (Polpir + MRO,, V0, Fe0, i {

= a o o
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Ul 2.4 UuuLveaEdulaand (Helmholtz model) [5]

’+.;"
Electrolyte resistance N = (GEESSKIDREERD 1 < AN N & 4
ik \ Increasing electrolyte resistan t
¢ pore) Pore depth : within ,?;,fe {R,+ Ryt R,+~..am 4

Ul 25 JUuUUINTUMSINSEUanuazanuENINsEEfYesAInIsiuY sy g lugngy
LazIvaTALYanIsinTuYIAMUiUNIWREndTlUnelug (5]

2.3.3 wanmsvesiaiuusglni

Fufudszglnihazldnisiiundsnuluguvesauulnihaiauinndrluguuuuees
asiail Usznovlushedaluil (Plate) aesunuusneanatniuiigan dielectric ausa
g$alalaansiiaumedng (Voltage) AnAToNsEMIILNUTIWAYISEDY Faagyinlviia
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A = 1 @ L s
nsazanveeUsygivinaudulans anuaunsalunsinifundsnuluguvesdszquessh
o <
\udszgqanansafmuwalleann aunisi 2.2

Q
C = - (2.2)
|4
Tne C Ao AuaEansatunisiniulseq (F : Farads)
Q Ao Uszauuudutalvin (C : Coulomb)
v Ao AnusaindanasausEnInataingh (v : Volt)

o L V- i U Y] 1 o v al
drudufuiulszquuunkuguuilaenaluen C aunsarAuanildan aunisi 2.3

ge A
= (2.3)
D
e €9 A Permittivity ¥83gsysyIn1a

€ f® Permittivity vedianladidnnin
A A9 NUNRIVDIHE WA
D A9 SEUEMI9TENINEUT LT

< g -y

FafusauusiidudaimunanuansalunistnfuussguesiaLfudsspiufine Wud
Rrvowueudalnih szosvisseinsinlwih uasauifvesiaglndidnnin

AasEUTRvanUaduAUUIZY AB AUMWILULNG 91U (Energy density) uazAlTLl
wuuresrid (Power density) TnsUSunaniaesanananiosssyldidudetiinn
vioremiheusinsld windudemhetiminisnasdenin “Specific enerey”  uae
“Specific power” Taandanuivlufufulseylwiiamsadnnalionn aunsi 2.4

E=— (2.4)

MneuERusTesaunIsansaesuelii Amdnuargeiigaireiiladinusng
Fndfinngaiian Fslnsdrunindusinazgndrfnlasedn Breakdown strength
voeTagladianyin

& (Power : P) 1ludmmnisiudmdsusenianieinm Tunsduinmin
Adnuvesiafivdsegininganisdesndusdosmilsfimudumuresiudiunielu
ALiuUszlnih Wy Current  corrector, $2lwin lesiEnn3n Aidninslad uasuruiu
nseminedn Tunsiuaan Immﬂmuﬁmmuﬁ'Lﬁm%u'l,udauﬁwgm%'aﬂiw Equivalent series
resistance (ESR) daduenfifmuamiusiefnggeanvesdinfivysyqlnilusgninanisane
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o 1 = '1
\iuUszquasTanaIsueusreaglutie 10 §9 30 F g

¢ Solvent
‘ Solvated cation
#8 Soivated anion

Negative electrode

c)
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International Union of Pure and Applied Chemistry (IUPAC) anunsadauunls sl

(1) swsuwuIALan (Microspores) ivunalutdi <2 nm

Fansgadudanlngietunignguauiadn uagauiuduniiinuniageann asligngy

[ 1

PWIAENUTEUIITBYAY. 90-95

(2) swuwUIANAIe (Mesopores) Huunalugie 2-50 nm
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Activated
Carbon

Large dissoved Si*  Small dissolved

n“)
organic molecules 'h-‘ organic molecules

d L 44 1
JUN 2.8 ANWAZLAZIUINYBIFNTUNLUAUIUPAC [8]

mswmaau‘lmqaswmwmﬂuiwsu‘uaqmuﬂmumma'mﬁﬂmmnmﬁvﬁlmma
wiata BET (Brunauer-Emmett-Teller) Lﬂumnmﬂim'msmFdluimmuwmmm%uuwum
drufuudfiguugilulnsiauman (77K, -196°C) ) Tnedinszuaunslasdessl lutiausnla
mwmms&u‘tumumuumaan ﬂmuuavumaﬂ'ﬁﬂmmuu,avmimammumaamqﬂuimmw
77K (-196°C) L'iwwlmaualaisumaumwmmuLLaumim&mmwamw‘luimmuw
77K (-196°C) kazdnlUAmIuInAINIsNTENLM YWINFWTU Nufiin wagUFuasgngu Tng
Sumeuiildnarsndrestuduansouanslddasui 2.9 Taemsindnuagminisnmues
Huiiin rldidoyananin g eI LN sHansy (m’/g)

-

Measuring surface area with BET  OPTIONAL _
1 - Degas 2 - Evacuate 3 - Volume 4 - Evacuate 5 Adsorlption {6 - Desorption |
Heat and evacuate Apply vacuum Measure dead Apply vacuum Add N2 5 Evacuate N2 for |
(or add N2) to tubes volume with He to tubes adsorption lsatherm i desorption isotherm |
i | m b *3 ‘
= = - = e om&
i E | ‘ [ |
[ |

i

|1

@andvjconnellv

Uil 2.9 fednstunsumsinlassasnagnsumeinaia BET (9]
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2.8.1 nszuaumsaniualuiedu (Carbonization)

nszurumIafueluletu viaurendienadendt nsedadudusiud (111 Ju
nsvUIUNTaaeiInIeALSauTe eeRUsyneuduluasduviddeliliundaaivoy
Dumsliarufeuudingauiigumgiigiluanmlioandounieiiviinasendiaudiia il
Yosilalliinghuianmsaniniuaznatsanimdud nsguaun s dutumeuiidifniian
nszuumsErriliAnlassadesswguriadn lukesiuinisienlimuiouneld
vssernalulaniou  luniszurumsaansiameanudeutunisatsiamanuieuasls
NARAY 2 HARAMN LA
1. dauiidufing Uszneuse felelasiauulinasnn arsuszneulslasasuauluanaiun

wazthudy

2. duiiduvesuds SuSinmeiveugs Sond “diu” wie “duns
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2.8.2 NTUIUNIINTZAY (Activation)

ydsnnssuaumsasvsluetusazldduiGends “dwuns” ddunseuunisens
velustusdiildnarundrafuinezdunsaasdmnuouvesansduniofegly
fanhu azfinsintuvssmgudntiosuasdugngunnadn (alaswesa) indsdhdusnd
fusiunszuumsnsyfuileriRiAngnguiiungy Tnsnssurunisnseuiuanins
wiseenladu 2 nszuruntsudn Tl NTLUIUNIINTLAUNIINILAIN LAENTEUIUNTS
N3EAUNINLAL

2.8.2.1 N1SNTLAUNNNLAN

1. mnszfusisuiaaisuveulasenladilunisifauiisersenitmiveunu
€ & 9 a s € I3 L3 Qs
arsuaulneonled landadudidunisvausauanlan deaunis (2.9)

Co+COy9 —>2C0y  AH =+159 ki/mol (2.9)
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Tuakudnlvlussuu TeddudaduaiugsasiinUjisense  @unisn 210 uaz

aun1si 2.11

C(s) + HZO(g) > Hz(g)+ CO(g) AH = +117 kJ/mol (2.10)
CO(g)-I— HZO(E) —» H2(g]+ COZ(g, AH = -41.5 kJ/mol i)
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2.9.1 Thermogravimetric Analysis (TGA)

Thermogravimetric Analysis %58 TAG \Juiasasilefldiisieinisiuasundamis
Pudou mnudiesvasiagiinananisiudsuiiamnemnuieu Tnsgnisiuasuuyatwes
ﬁwﬁnﬁq::gl.ﬁ81'1.1Lﬁaﬁmﬂﬁuqqﬁwaqqmwnﬁ hwinfigaideluiRaainnisseme nisdes
dany vsomsiinufizendn Tnsasluedestiiiamnliazauazdongs luane
windeufifmun amnsalddnuandilivainvaiseie wu wsiiln ndwes a1sdunsd
Tneanunsaiiasgmannaommar nisgadetmiin mansiFevuluiegis saluanis
Aneinmadsulassadivmnganw (Phase) vesmegradlalafunudeu [12]

annsaldtoyalddadl
94AUIzNOUYNES (Composition)
L@DYSAINNIAINST DU (Thermal stability/decomposition)
UinmuansdunusMiaaufisen (Stoichiometry of reaction)
BUNEAERTTDINIINAYATTEN (Kinetics of reactions)
N3BUIUNMIAA/A1LNEIU (Desorption/adsorption processes)

oy o s B P

NN55¢LMY (Evaporation)

2.9.2 Scanning Electron Microscope (SEM)
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5. fldnumusnidenlfdesiunamenaudinguiterndndidnaseuyunirieentuld

6. wruamIA (Coils) Teaunuvdonaduadduzuuuunia endeegiiganudisnamui
gnimualaganslunsaunuinegludislilasiuni

7. audtag nthiilidasuamsuuuinuesdunuiifenis

8. \fled1diinnsausuiviuiiy é’umiﬁ‘%aﬁuﬁmﬁuiuﬁaashmazgnmwaauiﬂﬂ
Lﬂéa@ﬁaﬁﬁmwwmﬂwmaﬁuagﬁuﬁwﬁmmﬁLﬁaﬂi%'



26
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2.9.4 wailasauawnlnsdlat (Raman Spectroscopy)
wadasuaUninsalal (Raman  Spectroscopy) WHuwmatandsuldlunisnsia
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Excitation
Optical Fiber

Laser Filtered

Probe Spectrograph

Sample

Computer

JU# 2.15 wannstazduaaulunisynuYe AR dAsIE [16]

31.!17; 2.16 iA383Raman spectroscopy (Thermo Scientific DXR SmartRaman)
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2.9.5 Lwﬂﬁﬂn'1-5"3Lﬂ'sﬂzﬁﬁuﬁ'ul,axmqm‘flugwguwamaq BET
(The Brunauer Emmett-Teller)
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VOIFNTU Tmﬂmﬁ'&lﬂﬁ@ﬂ%ﬂmaqaLLﬁaU%Lamﬁuﬂwmgwgu Fauansmuduiussening
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(Desorption) wes¥aniiug maliadannsofiozannsatuunyszanvesgnguld (9] Tne
Ussinnaesgnuasuuseanidu 3 Uszuam laun

1. N Micropore fvunatosnii 2 uluuns

2. Ny Mesopore flvumoglutig 2-50 urluluns

3. Ngu Macropore §u1AN1INN31 50 Wnlulng
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1 oas st s b at =i
LL‘U\?Eﬂ‘lﬂmzﬂﬁi@ﬂ‘ﬂ‘uLLﬁE;‘ﬂ’l‘iﬂ']EJ‘U'Ulﬂ 6 Uselnn QGEU‘VI 2.0 7
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lﬂl L L7 L3 ¥ 1 = 3 a s ar L3
JUN 2.17 ANUANWUETENINTENINNUTUIRS (cm/g) wagAuauaune (P/P,)
U84 Adsorption-desorption isotherm [17]

2.9.6 Fourier Transform Infrared Spectroscopy (FT-IR)

Duwaialdlunsiessiienmyilaiduvesinegna feesifiosnisinaianse
Huldtansdundduazansoiiunid Sniadiamsonsniausunaeemsiedislingy
wiinfiduaswadlilumizoniuld (du Snselin A 05 nfuuas B 15 n3u) lnwendy
wmailafildnsnsyduuavgandumsuasiuuadluitozdunasiiogluanusnaiduluga
Sunsusa (nfrared JR) namfte axiinsganduauemaduluraadunsisn Ssmnuidign
@mnﬁmﬁummﬁ'ﬁmaﬁ’umi% (Stretching) uA¥N15%8 (Bending) vaswusiduiuaely
Tuiana Wuseilldndafedufe Wusslariaud nsganduuaslugasdusisisaariinig
WasuwUadlususidag (Dipole moment) vasluiana nntuedesiionsiinisnsatad
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2 1 o o o al i
AMILLaIraANdTeANEIAAY  (Wave  numbern)  uaidnasu 13ua9n
“Interferogram”  AatualUnAsuvesasuAaziiardanuiinizsusagiavinluiiaiaany

dl -:ld 1 s
gNIAFUNUAIINANY [18]

31]17'12.18 \A384 FTIR PerkinElmer U Spectrum Two

2.9.7 wallansinautanialnilued

Hmatdawan 3 wala lown

e Cyclic voltammetry (CV)

e Galvanostatic charge-discharge (CD)

e Electrochemical Impedance Spectroscopy (EIS)

W4 = mﬂﬁﬂﬁlﬁﬂﬁﬂm‘t’f’mﬁuﬁ’%ﬂ{f Metrohm AUTOLAB potentiostat galvanostat
Humdesdislunmsinsed



sUl 2.19 1A393 Metrohm AUTOLAB potentiostat

2.9.7.1 waila Cyclic voltammetry (CV)
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2.9.7.2 Galvanostatic charge-discharge (CD)
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I : nszualnd [A]
M : Uwitineeed [g]

2.9.7.3 Electrochemical Impedance Spectroscopy (EIS)
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Sugarcane leaves

Characterization by TGA
Parameter : Temperature 25-900°C

Charcoal by carbonization
Parameter : Temperature 400-600°C

Activated carbon by activation
Parameter : Temperature 800-900°C
Time : ‘t(i— 60 min

Characterization Performance of

= FTIR electrochemical properties

= SEM = Cyclic voltammetry (CV)

= TEM = Galvanostatic charge-discharge (CD)

= BET = Electrochemical impedance spectroscopy(EIS)
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Scanning electron microscopy (SEM)

AT NG NYAIENNTUGIUINE
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