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Research title Optimization of the electrodes of supercapacitor derived
activated carbon from corn cob by spray coating technique

Researcher Mr. Sanit Suwanwong and Dr. Artit Hutem

Division Physics

Phetchabun Rajabhat University, Year 2025

Abstact

Phetchabun Province is known for its diverse agricultural economy, particularly
in the cultivation of corn, which plays a significant role in the food industry. Corn
cobs, a major agricultural waste product, can be transformed into porous activated
carbon with a high surface area, making it suitable as an electrode material in
supercapacitors. The crystalline structure of carbon derived from corn cobs was
analyzed using X-ray diffraction (XRD), which revealed the presence of fullerite and
graphite phases.

In this study, the performance of the supercapacitor was enhanced by adding
carbon black to the corn cob carbon in various ratios: 1:4, 2:3, 1:1, 3:2, and 4:1. The
mixture was milled in a ball mill for 24 hours. The electrodes are made by mixing
carbon and coating the carbon film on the aluminum sheet using a spray technique.
Surface morphology, observed through scanning electron microscopy (SEM), showed
that carbon black particles were embedded on the surface of the corn cob carbon.
Functional group analysis conducted by Fourier-transform infrared spectroscopy (FT-
IR) revealed that the 4:1 ratio exhibited the highest absorption peaks at a
wavenumber of 3440 cm™ (O-H stretching) and 1030 cm™ (C-N stretching). When
assembled into coin cell-type supercapacitors, results demonstrated that the
addition of carbon black improved the electrochemical performance of the corn
cob-derived carbon supercapacitor. Consequently, this material is considered suitable

for use as a supercapacitor electrode in energy storage applications.

Keywords: Supercapacitor, Activated carbon, Corn cob
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2.2 61UAITUBUIINNY
81uA15UBY (Activated Carbon) 1UuiagA1sUUARUTIUNI9INT W98 Ly Al
wwily Wasnuenig wnau Ll lneeunsguiu carbonization wagyinn1snsedunIY

(Y s

413 KOH vilidudanaisveuiidlassasradugngunazdiuiiigeanisaaiuainy

9

(%

udsusalilaseadrevesianls daudAiduarsisin denliiuazianufouldd
wnzdnsui U Tdnudulniuazndsaru Dubey, P., et al, 2020) WU wuUALABS 7
Audseqlai fufuuszqlaiingsen

910318 UD9 Wang, Q. et al. (2018) wag Priya D.S. et al. (2023) wu11
AsvouInUBenndeiifianfuougngugrannsoldvidaluihvesiuiulseqluihden
lonuglniiigs

2n91u3d804 Liu, D. et al. (2020) Fuasizvidiuariveuiildandadinlnasiiu
nsnsedudie KOH fassadeiifsnguuuululasuaziule ieldvindudalnihwesiuiu
Uszqlnlihdsean

TunnsifivaudAvesdiuanfuounnfivildnaieds iwu lunsnszduniuaise
a13 KOH HCl sauinissaufufanaiiveutssiandu iy naitu unluansuey ansuen
WUanA LﬁaLﬁummmmimmﬁﬁ‘%mLﬂﬁlﬁ/\lﬁwuﬁwmeﬁzﬂw% (pseudocapacitance)

wazanAMUATUNIUNelU (Li et al., 2024)

23 fufAuuszgluihgseon

ﬁaLﬁUUiquWﬁ'}ﬁw’m (Supercapacitor) Lﬁuqﬂﬂiaiﬁ’ﬂLﬁuwé’qmuﬁmmmﬁmmz
meUszglilasgesns ﬁmqmﬂ%ﬂmﬁmamu (Simon, P., & Gogotsi, Y., 2008) lny
@’]ﬁﬂ%ﬁﬂﬂ?iﬁzﬁﬂﬂi%@lﬂﬁ?‘ﬁlﬁ’m@ﬂ%’ﬂ‘l/\lﬂ’@L’Sﬂi%iﬂ (Electric Double-Layer Capacitor,
EDLC) unzmainufiisenlaiiiadiuuiiuinvesialnihgidnlnim (Pseudocapacitor)

Fufudszaluiindasanusznaudae daluinBidninsadiindeudufiduuundy
ozgiiloudhoansasuou WU ns1fu dhuanuey msueunuda Wudu Fadumsueudils
W§uLLasﬁuﬁﬂaqq (Xiong, W., et al,, 2011) flans8idninslasi uasurufuszninenasves
Hliwtsans FsusgneuluiifiulseqliihBeen (Frackowiak, E., 2007)

1N9UIIVBY Xu, M. et al,, 2021 lﬁﬂizﬁwﬁﬂi/\lﬂwmﬁaLﬁwszﬂw%ﬁwmmﬂ

{ 1 1

auA1suauUNlaaIngItlug Faiulatninaiuaisusuaindstinlnatuaiuisauily

Usghvgiduduiuusegliihgseinifivsedngninas
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TuruideilduszAvgaiuuszqluihdseinuuu coin cell dsnni 2.2 lagldian

q
(3

ndadnlnaduasisiidudiuasuoundiniouduiiduaisuouuuuiuezglidounesd
fremailaausd Tngldusatuoinialunisiuaisazarenifinauiuaiunisueuainds
drlnavuiuiivesuiuergfideadieliiiduianuuiuasnszansdléd Paeifinaan
asavevuiuimesiiunasfinysransnnlulnihuaznnfu sz laily §93343
ANLAYAIN TIASY ENNTIAIUANAIBIMUILAYANEENevRs ALY (Say, M.G. et al,
2020)

TumiﬂizLﬁuﬂizﬁw%mwmméfﬁLﬁwizqiw%’]?jamm 14ip309 Battery Testers system
(890 NEWARE 31 BTS3000) F15UINAUNISTA 2.1 AIAIUAUILUUNE Y (Eneray
density, Ep) Lﬁ@ﬂ’]ﬁﬁﬂ?’]ﬂ‘\ﬂﬂﬂﬂﬁf%ﬂ/\ﬂz (Specific capacitance, Cs) 3Mn@Un15 2.2 (Sahin,
M.E., et al., 2020)

1
En = —Co(AV)?
b 2 s(AV) (2.1)

2 Ep

“T vy

(2.2)

o Ep Ao ANUMLIUULNEITY (MWh/g)
Cs Ain ANgbviddwmg (F/g)
AV o arusnsdndli (V)

m Ae 18I UAITUBY (9)
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3.1 ANSEILATISHAIUAITUBUIINGIT1I NN

Y1999 WA D UTULAN F9NINT 3.1 WaduIuIA19e8InaY (DI water) 201U

Uleulviuisiaamail 80 °C lunan 24 F3lue antuihdsdnlnafeuliuiuds uun

Tiazden kalru1u1vInszUIUNS before activation corn cob carbon (BA-CC) 1aeinns

Wluenigamadl 450°C Juan 4 F3lus

Junausaulnknaldeulansonles (KOH) avatedudindy DI Thlanududy 3M

awldansazany KOH waawmasly BA-CC luniigamgd 450°C wevinnisnszsu agle CC-
KOH gavingin CC-KOH andnwseuinau DI aduiunsalalasaassn (HC) audlan pH 1u 7
wanhdadilnenddidunarsudiluouliuis arldamuaisvenaindsdndnaiignnsedu

a2 (AC-CC) MININT 3.2 138na15i10819131 CC

A 3.1 1) Fetalne wag 1) FUilnafignuau
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3.2 AsHENaIuA1sUauIINdatIalnaiuAtuaULUAA
Tumsiiuusyansnmassiafvlselnihdsiavesuaiveunndsiminady Tng

nsidIuAsusuaIndadlng (CO) naufuaduounuan (CB) Tnsuinninaudndiuss

A15197 3.1 FnsuaunLdndrusewesesun ball mill WWunan 24 $alus agldanuasueu

INFIT N INATINEUTUAISUBULUAR (CC-CB) hafanIng 3.3



A1519% 3.1 O1UAISUBUINTIVNINATILRLFEAISUDULUAR

dndu i (n$w)
AIUASUBUAINGITILNA ANSUBULUAR

1:0 1 0

1:4 1 q

2:3 2 3

1:1 2.5 2.5
3:2 3 2

4:1 4 1

({2 (4

e ; i ' 2
3 (4500 | Ccs: CB2
| ) (450c)

Sl

[ % CC1: B3 N
(450'C) -

o

N g
Ccl: B4 [lmad
(4%0°) -

- N

AN 3.3 a1UAISUBUNTIT N INATNANAUANTUDULUAARIELATIUA ball mill
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3.3 mawlguiauasuauslemaiiaase
Tumswiesiiduaiveuainaiuaiveuaindsdnlng lneuannsiniouaisazais
n17 laedin1a LA 133 (USE Linyi Gelon LIB Co., Ltd.) 10 n5u adluiindu DI 20 ml uéa
auliidniu fgamgf 60°C WWunan 30 unit axldansazatsnia LA 133 anduindiy
Asuouilmsoaliuds 5 nfu mumssil 3.1 asluansazaiena LA 133 wdiausiedn 1
Hlus gaumgil 60°C azldansazaennivesduamiueuandsdnlng wasiinauiuasuey
wudaudr Mndutharsazanenmimasnszvonaise
funouseudaunuozgiidouosduuia 20 x 25 cm wéBafumunafanini 3.4
n) wazyinnsndsuilduasueumen suaUsdvedansavaen UL uar gilileunogdn
Al 3.3 2) udnhlueuiigamgil 100°C Taan 30 wndl azldiduensveusemadaailsd

dievhdnlniwesduiudszgluihBaean funimi 3.5

AW 3.4 n) Baunuevaiifiouneuamemun1y wag ) indeuTlaumalUse
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3.4 msUszneudafiudssalnindeanvasdiuaifuauaindsdining

Tun1sUsznoudiAuyszaliinBasaauuy coin cell fiduusznauiagdosing
Boadsusedl

1) Coin cell base

2) drlalihanfidundueuandsdnilng

3) ansazanedaninslan

4) uHuAINANS

5) ansavangdaninslan

6) trlulianilduansuaundedlng

7) Spacer, Spring

8) Coin cell lid

SuMEFALNUNENAISUBLIINAIUAISUBUINNTIT TN A AT UI9NaNTIUIY 2 Whiu
YUIALFUEIAUINANT 1.6 LBURIUAT ntuUmSeuansazateddninglan lanavians
Tetraethylammonium tetrafluoroborate wuunsazangluans Acetonitrile 40 ml A3
dudu 1 M aulidrdu Wunan 3 9alus asldansazanedidninslan gavireiiduaisveu

a o ¢ 1% ° ' . Y A ) a v
waraITaranudlaninslan Usenaudneuswiiakuy coin cell wagldinsasdnlalnsanaie

us9nm 0.3 fiu 1unan 5 widl agladunuuszglnihdseinuuy coin cell fanmd 3.6

3.5  A52989UlATES1NNANYDIATUAITUBUINGIT1INA
M990 UlATIAS1INENVDINIUAITUBUIINTIT1IINA AI8LATES X-ray diffraction
(XRD) 8%® PANalytical §u AERIS fan1nd 3.7 lnednlddaainil 20-80° ensiaaau

1ASIASINANLAY TEUNU

3.6 aaneNuRresE1uAMsUaUINTId N InaTinguiUANSUBULUAR
AMNEIYNURIVOINIUAITUBUIINTIT1INA AI8LATOY Scanning Electron
Microscope (SEM) 8% thermo SCIENTIFIC 1 Phenom XL ten533a0UaN¥aeNuiI109

BUNIAVDINUAITUBUIINGIT1 NG
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2 cC 1:0 0.0107 0.0152
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7 CC4-CB1 a:1 0.8348 1.1873
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