Contents

1 Introduction and Literature Background...........ccocoooveviieiieiceincnne
11 Energy Demands and Challenges..........ccooeioriiiiiiiinniiiecereeee
1.2 Electrochemical Energy Storage SYStemMS........ccceverererenerenennenn

1.2.1 Electrochemical Capacitors (ECS)......cccccceviviveriveresiiesinennnns

1.2.2  Lithium-10n Battery........ccccooiiiiiiiiieeiese s

1.2.3 Electrochemical Capacitor Versus Battery.............ccceeeveennen.

1.3 Introduction t0 Graphene.......cccoeiiiiiiienee e
1.3.1 Various Approaches Leading to Graphene

OXide/Graphene........cccevveiieiiciiee e

1.3.2 Graphene for Soft Energy Storage DevVices...........ccccuveunnnee.

RETEIBNCES. ...t

2 Electrochemical Exfoliation Synthesis of Graphene........cccccovevennnnee.
2.1 INTrOUCTION c.ciiiiiiie s
2.2 Experiment and Characterization..........cccccevevveveciiesiese e

2.2.1  Material SYNthesiS........ccocveiieiiiiiiiiie e

2.2.2 Material CharaCterization...........cccceeveveeriveresiesnere e

2.3 Results and DiSCUSSIONS.......ccuereieriiriiiiesiesiesieete e

2.3.1 The Synthesis of Graphene Flakes..........cccoeviiiieiiveneinnnnn,

2.3.2 The Mechanism for Electrochemical Exfoliation.................
2.3.3 Electrochemical Performance of Resulted

Graphene FIaKes........ociiiiiieceeee e

2.4 CONCIUSTION.....oiiiiiiice s

RETEIBNCES. ..ot

3 High-Performance Graphene Foam/Feso4 HybridElectrode
for Lithium 10N Battery ...
31 INTrOAUCTION . ..ciiieie e
3.2 Experiment and Characterization..........ccceecvvvereeieiieeseeresieseenens

P NN R

N
(6}



xii Contents
3.21 Materials SYNthesis.......cccccovieiiiiie i 52
3.2.2 Material Characterization............ccccocceevveiveiesie e 53

3.3 Results and DiSCUSSIONS......c.cciiiiiieiiiiie e 53
3.3.1 The Synthesis of GF/Fe304 Hybrid Films........cc.ccoovvivinnnns 53
3.3.2 Electrochemical Performance of GF/Fe30 4 ........ccccvevveeneen. 56
3.3.3 Underlying Mechanism for the Enhanced

Electrochemical Performance..........cccccoooveviviiiecieciec i, 59

K O o [od 1V 1] [0 o USSP 61

RETEIENCES. ...ttt be e s rae e nre e snreenree s 61

4 Graphene Foam (GF)/Carbon Nanotubes (CNTs) Hybrid

Film-Based High-Performance Flexible Asymmetric

SUPEICAPACTIONS. vttt 65

A 1Y (o To [V [0} o PRSP 65

4.2 EXPEIIMENT...eiiiiiieeiestie ettt n e 67
4.2.1 Material Synthesis and Device Fabrication........................ 67
4.2.2 Material Characterization...........cccccevvveiieeiieiiee e 67

4.3 Results and DiSCUSSIONS.......cccueiierrieiieeseeiisie e see e see e eeenes 68
4.3.1 Fabrication of GF/CNTs Hybrid Films........cccooveviiiiinennne 68
4.3.2 Fabrication of GF/CNTs/Mn02 and GF/CNTSs/Ppy

HYBrid FIIMS....ooii e 70
4.3.3 Electrochemical Performance of GF/CNTs/Mn02

and GF/CNTs/Ppy Hybrid Electrodes..........ccccccevvevieiienene, 72
4.3.4 Electrochemical Performance of GF/CNTs/Mn02/GF/

CNTS/PPY ASCS.eiiiiiiiiieiie e 75
4.3.5 Underlying Mechanism for Enhanced Electrochemical

PerfOrmManCe. ... 78

N 10 4 Tod [V o] PSSR 79

RETEIBNCES. ...ttt e e e are s 79

5 Graphene Foam/Carbon Nanotubes Hybrid Film Based

Flexible Alkaline Rechargeable Ni/Fe Battery.......ccccooovvviiveieniennnn, 85

5.1 INrOUCTION.....cciie et 85

5.2 EXPEIIMENT....ciiiiiiiee ettt 86
52.1 Materials SYNthesis........cccovveiiiiiiiiiii e 86
5.2.2 Materials Characterization............cccocueeveeiieiiieiie e 87

5.3 Results and DISCUSSIONS......c.ccuiiierieaiieieeie e 88
5.3.1 The Synthesis of GF/CNTs/Ni(OH)2 and GF/CNTs/

FE20 3 s 88
5.3.2 Electrochemical Performance of GF/CNTs/Ni(OH)2
and GF/CNTS/FE2D 3. 91



Contents Xiii

5.3.3 Electrochemical Performanceof F-Ni/Fe Battery................ 94
5.3.4 Underlying Mechanism for Enhanced Electrochemical
PerfOrMaNnCe......cccoiviiiie e 97
5.4 CONCIUSION...ociiiiii e 97
RETEIBNCES. ...ttt e eres 98
6 Conclusions, Comments and Future WorkK..........ccccoeevieiiieiinennennnn. 101
6.1  CONCIUSIONS ..ottt s 101
6.2 Comments and FULUre WOrK........ccoooeviiieiiieie e 103
6.2.1 Electrochemical Exfoliationof Graphite...........ccccccevvrunenne.n. 103
6.2.2 GF and GF/CNTs Hybrid Film Based Flexible
Energy Storage DeVICES.....ccccveiiievii e 104

RETEIENCES. ...ttt e e e e nneneens 105



