Contents

1 Introduction

1.1 Surfactants: A Short History of Today’s Detergents . . . . . . ..
1.2 Objectives . . . . . . . . .

Fundamentals
2.1 Binary Systems and Phase Prisms . . . . . . ... ... ... ...
2.2 Sections Through the Phase Prism . . . ... .. ... ... ...
2.2.1 The T(y)-Section, so Called ‘Fish tail’-Cut . . . . . .. ..
2.2.2  The Optimal State . . . . . .. ... ... ... ......
2.2.3 Ionic and Non-ionic Interactions . . . . . . . . . . . .. ..
2.24 The T(wya)-Section, Oil-rich Microemulsions . . . . . . ..
2.3 Quaternary System . . . . . .. ..o
2.4 Influence of Additives . . . . . . . . ..o
2.4.1 Electrolytes . . . . . .. ..o oo
24.2 Alcohols . . . ...
2.5 Hypersurface . . . . . . ..
2.6 Microstructure and the Amphiphilic Film . . . . . .. .. ... ..
2.6.1 The Amphiphilic Film . . . ... ... ... ... .. ...
2.6.2 Structural Evolution . . . . . ... ...
2.7 Ultra-low Interfacial Tension . . . . . . .. .. .. ... ... ...
2.8 Analytics . . . ...
2.8.1 Small Angle Neutron Scattering . . . . . . ... ... ...
2.8.2 Dynamic Light Scattering . . . .. ... ... ... ....

Experimental Techniques

3.1 Detecting Phase Behaviour . . . . . . .. ... ... ... .....
3.2 Small Angle Neutron Scattering (SANS) . . . ... ... ... ..
3.3 Dynamic Light Scattering (DLS) . . . ... ... ... ... ...
3.4 Washing Tests . . . . . . . . ... oo
3.5 Ultrasonic Stability and Cleaning Tests . . . . . . . . . .. .. ..

Microemulsion Properties as an Optimisation Guideline

4.1 Condition for the Best Possible Washing Performance . . . . . . .

4.2 Pseudo-binary Systems: Dilute Ly Phases. . . . . . . ... .. ..
4.2.1 SANS of the Pseudo-binary Systems . . . .. ... .. ..

4.3 Pseudo-ternary Systems: Addition of Oil . . . . . . ... ... ..

4.4 Preparing a Tailor-made Microemulsion . . . . . .. .. ... ...

Es gilt nur fir den persénlichen Gebrauch.

11
12
14
16
20
21
22
22
23
24
25
25
27
31
33
33
41

43
43
44
45
46
46

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.



CONTENTS CONTENTS

4.5 Hypersurfaces - a Guideline to the Optimal Mixture . . . . . . . . 65
4.6 Impact of Various Additives on Pseudo-ternary Systems . . . . . . 67
4.6.1 ImpactofSalts . .. ... ... ... ... ... ...... 67
4.6.2 Changing the Oil . . . . . ... ... ... ... .. ... 68
4.6.3 Adding Co-surfactants . . . . . . .. ... ... ... ... 69
4.7 Choosing the Optimal Surfactant . . . . . .. ... ... .. ... 72
5 Water-rich Detergency: Back to the Basics 73
5.1 Concept for Best Washing Performance Possible: Lipophilic Sponge 74
5.2 Overview of Technical Non-ionic Surfactants . . . . . . . . .. .. 76
5.3 Hydrophilic Technical Ionic Surfactants . . . . . . .. .. ... .. 78
5.4 Combining Two Surfactants . . . . . . .. .. ... ... ... .. 80
5.5 Increase of Efficiency . . . . . . .. ... 84
5.6 Nanoemulsions . . . . . . . .. ... ... 93
5.6.1 From Microemulsion to Nanoemulsion . . . ... ... .. 94
5.6.2 Parameters of Nanoemulsions: Phase Space Determination 94
5.6.3 DLS to Test the Nanoemulsion Stability . . . . ... ... 98
5.6.4 A Complementary SANS Study . . . ... ... ... ... 104
5.7 Field Tests . . . . . . . o 108
6 Beyond the Scope of General Washing 111
6.1 Oil-rich Anti-Corrosive Microemulsions for Ultrasonic Cleaning . . 112
6.1.1 Characterisation of Relevant Components . . . . . . . .. 112
6.1.2 Finding and Optimising a Formulation . . . . . .. .. .. 118
6.1.3 Water Stability of the Proposed Formulation . . . . . . . . 123

6.2 Balanced Microemulsions for Ultrasonic
Cleaning of Fine Optics . . . . . . . . ... ... ... ... .. 128
6.2.1 Formulation of the Microemulsion Recipe . . . . . . . . .. 129
7 Summary 135
Appendix A Supplementary Information i
A.1 Additional Measurements . . . . . . . . .. ... .. .. ... ... ii
A.1.1 Eutectic Systems . . . . .. ... ii
A.1.2 Characterisations of Additives . . . . . . . ... ... ... iv
A.2 Additional SANS table . . . . ... ... ... ... ... ... viii
A.3 Chemicals . . . . . . . . ... ix
A4 Abbreviations . . . ... xi
Appendix B Figures and Tables xvii

Appendix C Bibliography

Appendix D Versicherung

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



