Contents

vii

List of Abbreviations ix
List of Symbols Xi
1 Introduction 1
1.1 Motivation . . . .. .. . e e e e e 1
1.2 Objective . . . ... ... . e 2
1.3 Thesisstructure . . . ... .. ... .. 3

2 Fundamentals 5
2.1 Lithium-ion batteries .. ........... ... ... .. ..... 5
2.1.1 Terminology ... .. .. ... ... 5

2.1.2 Technical parameters. . ... ... ............... 6

2.1.3 Composition . . . ... ... e e 9

2.1.4 Operation . . ... ... ...t eneen, 11

2.1.5 Production ... ....... ... .. ... e 14

2.2 Lasertechnology ........ ... ... .. . ... 17
22,1 Terminology ... ..... ... ... 17

2.2.2 Generation of laser radiation . . . . .............. 17

2.2.3 Characteristics of laser radiation . .............. 20

2.2.4 Laser materials processing . .................. 22

3 State of the Art 29
3.1 Laser structuring of battery electrodes . . . . ... .......... 29
3.1.1 Electrochemicalaspects . .................... 30

3.1.2 Electrolytewetting . ....................... 35

3.1.3 Ablation characteristics . .................... 35

3.1.4 Processscaling........................... 36

3.1.5 Other laser processing approaches . ............. 36

3.2 Alternative electrode structuring methods .. ............ 37
3.2.1 Magnetic particle alignment . . ................ 38

3.2.2 Thermalporeforming ...................... 38

3.2.3 Additive manufacturing . . ................... 40

3.2.4 Mechanical structuring . .................... 41

3.3 Conclusionandresearchgap ...................... 42

E

Bibliografische Informationen digitalisiert durch iAB

http://d-nb.info/1361374020



http://d-nb.info/1361374020

viii

Contents

4 Research Approach 45
4.1 Scientificobjectives .. ... .. ... . . . . . . . . L 45
4.2 Contribution of embedded publications . . . . ............ 46
4.3 Methodology ........... . ... . ... 48

5 Results 51
5.1 Summary of embedded publications . . . .. ............. 51

5.1.1 P1: Laser structuring of graphite anodes and NMC cath-
odes — Proportionate influence on electrode characteris-

tics and cell performance . ................... 51
5.1.2 P2: Influence of laser structuring and calendering of graphite
anodes on electrode properties and cell performance .. 53
5.1.3 P3: Integration of laser structuring into the electrode man-
ufacturing process chain for lithium-ion batteries . . . . . 54
5.1.4 P4: Automated geometry characterization of laser-structured
batteryelectrodes . . . ... ......... ... ....... 56
5.1.5 P5: Picosecond laser structuring of graphite anodes — Ab-
lation characteristics and process scaling . ......... 57
5.1.6 P6: Enhanced performance and lifetime of lithium-ion
batteries by laser structuring of graphite anodes . . ... 58

5.1.7 P7: Comparative evaluation of graphite anode structuring
for lithium-ion batteries using laser ablation and mechan-

icalembossing . . ........ ... ... . . . . .. 60

5.2 DISCusSsion . . .. ... 61
5.2.1 Classification with respect to the literature ... ... ... 61

5.2.2 Contribution to researchfields . . . .............. 66

5.2.3 Consistency and transferability of the results . . . . . . .. 67

6 Conclusion 69
6.1 Summary . .... ... ... e 69
6.2 Outlook . ... ... ... . . . e 71
Bibliography 73
A Publications of the Author 99

B Supervised Student Projects 103



