Index

Index
Acknowledgi ts 5
Index 7
Symbol. 11
1 Motivation 13
2 Fundamental, 16
2.1 Forming of polymer coated metal 16
2.1.1  Forming of metals 16
2.1.1.1 Stress-Strain diagram 16
2112 Elastic and plastic deformation of single crystals 18
2.1.13 Forming of zinc and electrogalvanised zinc surfaces 20
2.1.14 Forming degree 20
2.1.15 Forming-limiting-diagram 21
2.1.2  Forming of polymers and thin polymer films 24
2.1.2.1 Molecular understanding 24
2122 Relevance of interfaces 25
2123 Theory of crack formation in polymers and at polymer / oxide interfaces 26
2.13  Repair mechanisms of defects in protective ing: 27
3 Fundamentals of applied microscopic, spectroscopic and electroch I methods_ 29
3.1 Electrochemical Imped Spectroscopy 29
3.1.1  General description of the imped 29
3.1.2  Pletting of imped data 3
3.1.3  Pseudo-Linearity of the system 32
3.1.4  Elements of the equivalent circuit 33
3141 El Iyte resi 33
3142 Double layer capacit: 34
3.14.3 Polarisation Resi 34
3.1.44  Coating capacitance 35
3.1.5  Modelling of equivalent circuit: 35
3.15.1 Ideal coating 35
3.1.52  Metal electrode 36
3.153 Non-ideal coating, 37
32 Quartz crystal mircobal 39
33 Vibration spectroscopy for thin film analysis 42
42

33.1 DRIFT and FTIR-ATR sp Py




Index

33.1.1  Fund ) 42
3.3.1.2 DRIFT 43
33.1.3 FTIR-ATR spectroscopy 43

332  Raman spectroscopy 44
332.1  Susface Enhanced Raman Spectroscopy (SERS) 45

34 Scanning electron microscopy 47
35 Focused Ion Beam (FIB) 49
4  Experi tal 50
4.1 Materials, Electrolytes and Parameters 50
4.1.1  Substrate and sample preparation 50
4.1.1.1 Preparation of corrosion protection primer samples 50
4.1.1.2 Preparation of polyelectrolyte coated sampl 50

4.1.2  Forming of sampl 51
4.1.2.1 Forming for Ex-Situ Analysis 51
4122  GOM® Grid Evaluation 51
4123 Finite Element Simulation 52

4.1.3  Preparation of biaxial formed samples for corrosion testing 52
4.14  Preparation of plane strain formed samples for scanning in-situ Raman / EIS investigation 52

4.15  Phosphating and ED-paint application of formed corrosion protection primer coated samples __ 53

416 FE-REM investigations and FIB prep 53
4.17  Raman and IR spectroscopy 54
4.1.8  Glow Discharge Optical Emission Spectroscopy (GDOES) 54
4.1.9  Laser Optical Emission Spectroscopy (Laser-OES) 54
4.1.10 Elecirochemistry and electrolytes 55
4.1.11 Corrosion Testing, 55
4.2 In-situ Electrochemical Impedance Spectroscopy (EIS) and Forming Setup 57
4.3 In-situ Quartz Crystal Microbal /R Setup 60
44 Scanning in-situ Raman / Electrochemical Impedance spectroscopy Setup 62
5 Results 64
5.1 Characterisation of corrosion protection primers (CPP) 64
5.2 Uniaxial, biaxial and plane strain forming of corrosion protection primers 69
5.2.1  Strain evaluation of formed sampl 69
5.2.2  Forming behaviour of the electro galvanised steel substrate 74
5.2.3  Uniaxial forming of dry corrosion protection primers 75
5.24  Uniaxial forming of wetted corrosion protection primers, 77
5.2.5 Biaxial forming of corrosion protection primers 78
5.2.6  Plane strain forming of corrosion protection primers 79

8



Index

5.2.7  Cleaning and phosphating of biaxially formed primers, 80
5.2.8  Open Circuit Potential during Phosphati 84
5.29  ED-paint application on corrosion p ion primers 86
53 Corrosion of corrosion protection primers 88
53.1  Corrosion of formed and unformed primers during standard corrosion testing, 88
5.32  Salt spray testing of formed primers 91

P

541  Forming ck istics of mini T ! 94

& P

542  In-Situ Electrochemical Impedance Analysis during tensile testing 95

54 In-Situ Electrochemical I d Spectroscopy during stretch forming 94

5.5 Scanning In-situ EIS / Raman investigations of formed corrosion pretection primers
102
5.5.1  Scanning In-Situ EIS / Raman investigation of corrosion products on plane strain formed primers
102

5.6 Modification of corrosion pr primers 105

56.1  Organo silane surface modification of zinc particles implemented in corrosion protection primers

105

5.62  In-Situ Electrochemical Impedance Analysis during tensile testing of a modified primer 108
5.7 Corrosion model of formed and unformed corrosion protection primers 114
58 In-situ QCM / Raman investigations of the inhibitor adsorption on metals 117
5.8.1  Ex-situ SERS analysis of Mercaptobenzothiazol (MBT) adsorption 117
5.82  Combined in-situ Raman / QCM measurement of the adsorption of MBT on silver 119
5.8.3  Combined in-situ Raman / QCM measurement of the adsorption of MBT on gold 121
584 Th ica} calculation of the frequency shift by a monolayer 124
59 Forming and water uptake of polyelectrolyte layers 127
5.9.1  Molecular composition of polyelectrolytes 127
5.9.2  FT-IR analysis of the curing state of polyelectrolyte layers 128
593 Hard of polyel Iyte layers, 133
5.9.4  Water uptake of polyelectrolyte layers dried at different temp 135
595 FE-SEM investigation of formed polyel lyte layers 140

596  In-situ El hemical Imped: Sp py during stretch forming of polyelectrolyte layers

142

5.9.6.1 Formability of a polyelectrolyte layer dried at room temp 143
5.9.6.2 Formability of a polyelectrolyte layer dried at 130°C 145
59.63 Formability of a polyelectrolyte layer dried at 230°C 147
6  Overall conclusions 150
7 Outlook 152




Index

8  Publications 153

9  Literature 154

10



