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ABSTRACT

PREPARATION OF ACTIVATED CARBON DERIVED FROM TEA DUST
FOR SUPERCAPACITOR APPLICATION

In the modern era, the need for sustainable energy storage systems has greater in
response to global concerns about climate change grow. Supercapacitors, with their
quick charging and discharging capabilities, emerge as promising alternatives. The
difficult part is in optimizing synthesis parameters to applications. The activated
carbon that has been used in these studies is tea dust. The main objectives of this
research are to synthesize activated carbon from tea dust for application in
supercapacitor electrodes and to evaluate the resultant specific capacitance and an
energy density of these tea dust derived supercapacitors. This study therefore
concentrated on the unique synthesis of activated carbon from tea dust, employing
a streamlined process involving pre-treatment, carbonization and chemical
activation with Potassium Hydroxide (KOH) as the activating agent and electrolyte
of the supercapacitor. In this study, the best result was AC-2 (2 hours) at 300°C
which exhibited the highest performance, achieving a capacitance of 3.8 F, a
specific capacitance of 152 F/g and an energy density of 21.11 Wh/g. The
capacitance value of AC-3(3 hours) and AC-4(4 hours) at 300°C which are 2.4 F
and 3.2 F, for specific capacitance which 120 F/g and 91 F/g and an energy density
of 16.67 Wh/g and 12,64 Wh/g were showed the lower values, suggesting that the
synthesis conditions for AC-2 were more optimal. The outcomes of this study
include determining the charge-discharge cycle and energy density of

supercapacitors based on tea dust.



TABLE OF CONTENTS

AUTHOR’S DECLARATION.....ccutttiiiuininiieiniiieininirecnrnececacncen iii
ACKNOWLEDGEMENTS.....ciiiiiiiiiiiiiiiiiiiiiiiiiietiecieieciececnn iv
TABLE OF CONTENTS....iitiitiiiiiiiiiiiiiiiiiiiieiieiieitietieccencnsnns v
LIST OF FIGURES.......ccitiuiiiiiiiiiiiiiiiiiiiiiiiieiiiieiatieceencnne ix
LIST OF TABLES.....uiutiiiiiiiiiiiiiiiiiiiiiieiieieiiietiecietatnesnes s X
LIST OF ABBREVIATIONS....ccutiitiuiiiiiiniiiiiiniiiieininiiecninenacanes xi
LIST OF SYMBOLS. ...cutiiiiiiiiiiiiiiiiiiiieiiiiiiatieineiinecieceencan xii
DN 3 I 2 N 0 xiii
ABSTRAK ..ottt e ecneena e e Xiv
CHAPTER 1....cuiiiiiiniiiiiiniiiiintiiiisetiosssstcsssssssssssscsssssssssssscssnes 1
INTRODUCTION. ..iiitiitiiiiineieessnttosesstcssssstcssssscssssssossssssssssssos 1
1.1 Research Background..............c..cooiiiiiiiiiii 1
1.2 Problem Statement..............c.ooiiiiiiiiiiiii e, 3
1.3 Research Questions..........oovviiiiiiiiiii i, 4
| € o] 1112 A S S 5
1.5 Significance of Study............ooooiiii 5
1.6  Expected Output/Outcomes/Implication......................... 6

Vi



CHAPTER 2...cciuiiiiiiiiiiiiiiiiiiiiiiiieiiiiiiiiietiecitentiscesecassssscncnns 8
LITERATURE REVIEW....cciiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiininiiecinecasanes 8
2.1 SUPEICAPACILOTS. ...ttt et e S
2.1.1 Types of Supercapacitors...........c.cevvvereerenneennnn. 8

2.1.2  Electrochemical Double-Layer Capacitors............. 8

2.1.3  Pseudocapacitors..........oovvvuieniiiiiiniiiiiiiianannnn. 9

2.1.4 Hybrid Capacitors.........ooeeviiriiniiiinnieeennannnn, 11

2.2 Activated Carbon............oooiiiiiiii e, 12
2.2.1  Introduction...........coovieiiiiiiiiiiiiiieee, 12

2.2.2  Activated Carbon Properties and Structure............ 13

2.2.2.1 Activation Duration..................c.ocoeenee. 13

2.2.2.2 Sufficient surface area........................... 15

2.2.2.3 Feasible processing time........................ 15

2.2.2.4 Activation Temperature........................ .16

2.2.2.5 Activation of KOH................ooiiiin 18

2.2.2.6 Density of activated carbon..................... 18

23 Specific Capacitance. .........co.vevuiiiiiiiininiiiinennen. 19
2.3.1 Electrochemical behaviour.............................. 20

2.3.2 Current density effect...............cooviiiiiiiiin.n. 20

2.3.3 Surface area and pore S1Z€.........c.oeevveienieninnnn.. 21

2.3.4 Cycling stability.........ccooiiiiiiiiiiiiiiiie, 21

2.3.5 Energy and power density............c.ccoeviiiiiiiininn 21

Vii





