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1. Introduction
1.1 Background and Basics
1.1.1  Known surface functionalization methods
1.1.2  Relevance of plasma for polymer surface modification
1.2.  Motivation
121 History of atmospheric underwater discharges (plasma)
1.2.1.1 Glow discharge electrolysis
1.2.1.2  Underwater capillary discharge
1.2.1.3  Underwater corona discharge

1.2.1.4  Atmospheric-Pressure Glow discharge (APGD) electrolysis
using Liquid-Electrode

1.22  Comparison of APGD electrolysis (liquid electrode) and capillary
discharge approach

1.3  Underwater plasma reaction pathways and kinetics
1.3.1 Surface functionalization by oxygen functionalities
1.3.1.1  Hydroxyl (OH) functionalization
1.3.1.2  Role of H,0; and R-O-OH in UWP processes

1.3.1.3  Enrichment of the carboxylic (-COOH) functionality at PP

surface
1.4  Approach and perspective of the work

1.4.1  Brief overview of proposed work

2. Experimental
2.1  Underwater plasma assembly construction

2.2 Materials and characterization

12

12

14

17

17

19

22

22

22

26

29

32

33

34

34

37



2.2.1 Surface analysis technique by XPS
2.3 Derivatization of functional groups for improved XPS analysis
2.3.1 Hydroxyl (-OH) group derivatization
2.3.2  Carboxylic (-COOH) group derivatization
2.3.3 Hydroperoxyl (-O-OH) group derivatization

2.4  Analysis of UWP exposed olefinic monomer (Acrylic Acid)

Results

3.1  Underwater Capillary Discharge — visual observations

3.2 Oxygen bonding efficiency, selectivity and related parameters definitions
3.2.1  Functionalization with hydroxyl groups (OH)
3.2.2  Functionalizatiom with carboxylic groups (COOH)

3.3  Dependence of polymer surface functionalization on plasma generation

parameters
3.3.1  Electrolyte concentration (sodium chloride)
3.3.2  Distance of polymer film from plasma source
3.3.3  Influence of solution temperature on selectivity
3.3.4  Influence of solution pH on selectivity
3.4  Selectivity and yield in OH-group formation
3.5  Post-UW plasma treatment using reducing agents
3.6  Hydrogen peroxide incursion experiment
3.6.1  Qualitative effects of hydrogen peroxide addition on
hydroxyl (-OH) group functionalization
3.6.2  Quantitative effects of hydrogen peroxide addition on hydroxyl

(-OH) group functionalization
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3.7  Hydroxy! (-OH) functionalization using the Fe-ZSM3 catalyst system

3.8  Qualitative interpretation and results comparison obtained by addition

of hydrogen peroxide and Fe-ZSMS5 catalysts to the UWP system
3.9  Study of hydroperoxide (-O-OH) functionality generated by the UWP process
3.10 Possibilities to produce other functional groups
3.10.1 Carboxylic (-COOH/-COO-) functionalization of PP-surface
3.11 Plasma polymerization of acrylic acid in the UWP
3.11.1 Carboxylic (-COOH/-COO-) group derivatization results
3.12 APGD electrolysis using liquid electrode

3.12.1 Polymer surface modification by deposition of OH and COOH
groups containing polymers using the GDE

o Acrylic acid,
o Ethylene glycol,

o Allyl alcohol

Discussion

4.1  Underwater plasma and selectivity in surface functionalization (-OH) process
4.2  Factors affecting the selectivity of functionalization

4.3  Interrelation of OH and O-OH functionalization

4.4  Comparison of bond selectivity obtained by atmospheric/reduced
pressure discharges with UWP (XPS perspective)
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Application of capillary diaphragm discharge to the contact lens

material

Conclusions
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