I Content

Zusammenfassung 3
I  Content i
II  List of Abbreviation iv

1 Introduction

2  Scope of Work 3
3  State of Research and Technology 4
3.1  LDPE High-Pressure Process 4
3.2 Free-Radical Polymerization of Ethene 6
3.21 Initiation 7
3.2.2 Chain Propagation 9
3.23 Termination Reactions 9
3.24 Transfer Reactions 10
3.2.5 Propagation of Terminal Double Bonds 12

33 Ethene 1,7-Octadiene-Copolymerization 15
3.4 Residence Time Distribution 15
3.4.1 Residence Time Distribution and Residence Time Sum Function 15
3.4.2 Residence Time Distribution from Pulse Experiment 17

3.5  Analytics 18
3.5.1 Size Exclusion Chromatography 18
3.5.2 Nuclear Magnetic Resonance Spectroscopy 19
3.5.3 Infrared Spectroscopy 25

4  Experimental Part 27
4.1 Chemicals 27
4.2 Pressure Generators and Feeding Systems 27
4.3 Development of a Micro Injection System 30
4.3.1 Existing Setup 30
4.3.2 Concept of an Injection System 31
4.3.3 Implementation of a Sample Loop Injection System 32
4.3.4 Implementation of a TwinCAT based Control 33
4.3.5 Syringe Housing 34
4.3.6 Flushing Volume 35
4.3.7 Pressure and Temperature Profile 36
4.3.8 Temperature Distribution 37
4.3.9 Sample Homogeneity 40
4.3.10  Experimental Procedure 41

4.4 Continuous High-Pressure Polymerization Lab-Plant 43
4.4.1 Setup 43

Bibliografische Informationen E

https://d-nb.info/133120223X digitalisiert durch 1
BLIOTHE


https://d-nb.info/133120223X

4.4.2 Residence Time Distribution 100 mL Autoclave 49
4.4.3 Temperature Distribution 100 mL Autoclave 53
4.4.4 Experimental Procedure 56

5 Ethene 1,7-Octadiene Copolymerization 59
5.1 State of the Art ‘ 59
5.2  Copolymerization Structures with 1,7-Octadiene 63
5.3 1,7-Octadiene Characterisation 66
5.3.1 1H-NMR 1,7-Octadiene 66
5.3.2 13C-NMR 1,7-Octadiene 68
5.3.3 GC-MS 1,7-Octadiene 69
5.3.4 DSC 1,7-Octadiene 70
5.3.5 DTA 1,7-Octadiene 70
5.4  Ethene 1,7-Octadiene-Copolymer 71
5.4.1 Ethene 1,7-Octadiene Copolymerization 71
5.4.2 NMR Spectroscopy of Ethene-1,7-Octadiene-Copolymer 74
5.4.3 Synthesis of 13C-enriched ODE 89
5.4.4 Ethene-1,7-Octadiene-Copolymer with 1*C-enriched ODE 94
5.4.5 NMR Spectroscopy of Ethene-1,7-Octadiene-Copolymer with 3C-enriched ODE 97
5.4.6 Results from NMR-Spectroscopy 102
5.5  Ethene-1,7-Octadiene-Copolymer Model in Predici 11 105
5.5.1 Thermo-Physical Data 105
5.5.2 Initiation 106
5.5.3 Propagation 107
5.5.4 Transfer Reactions 108
5.5.5 Termination 110
5.5.6 Terminal Double-Bond Growth 110
5.5.7 Kinetic Parameters 110
5.5.8 Kinetic Parameters for the Ethen 1,7-Octadiene-Copolymerization 111
5.6 Bicyclo[4.2.0]octane 112
5.6.1 Bicyclo[4.2.0]octane Synthesis Path and Structure Verification 112
5.6.2 Experiments with Bicyclo[4.2.0]octane 115

6  Conclusion and Outlook 118
6.1 Development of a Micro Injection System 118
6.2 Continuous High-Pressure Polymerization 118
6.3 Copolymerization with 1,7-Octadiene 118
6.4 Bicyclo[4.2.0]octane 120

6.5 Outlook 120



7  Literature

8 Appendix

8.1 GPC measurement

8.2 GC-MS

8.3 IR Measurement

8.4 NMR measurement conditions
8.4.1 AC300
8.4.2 AVIII-HD
8.4.3 AVIII-400

8.5 Drawings

8.6  Experimental raw data

9  Publications

121
130

130
130
131
131
131
132
133
134
136

138



