
CONTENTS

List o f  C on tribu to rs  x i

1. Relevance of Plasma Processing on Polymeric Materials
and Interfaces 1
Praveen K. M; C.V. Pious, Sabu Thomas and Yves Grohens

1.1 Introduction 1

1.2 Structure, Properties, and Applications of Polymers 2

1.3 Polymer Surfaces and Interfacial Problems 6

1.4 Surface Modification Strategies in Polymer Multiphase Systems 10

1.5 Plasma Processing of Polymeric Materials 11

1.6 Plasma Treatment on Specific Polymers 14

1.7 Overview of Characterization Techniques for the Diagnosis o f Plasma
Processed Surfaces 16

1.8 Conclusions 18
References 18

Further Reading 21

2. Introduction to Plasma and Plasma Diagnostics 23
Miran Mozetič, Alenka Vesel, Gregor Prime and Rok Zaplotnik

2.1 Nonequilibrium State of Gas 23

2.2 Gaseous Plasma and Afterglow 25

2.3 Reactive Gaseous Species 31

2.4 Basic Diagnostic Tools 40

2.5 Conclusions 60

References 61

3. Plasma Assisted Polymer Synthesis and Processing 67
Shrikaant Kulkami

3.1 Introduction 67

3.2 Effect o f Plasma on Fibers and Polymers 69

3.3 The Plasma Technology for the Polymer Industry 74

3.4 Materials and Methods 81

3.5 Plasma Processing of Polymers 83

v



vi Contents

3.6 Plasma Deposition o f Fluorocarbon Films 85

3.7 Ageing of Plasma-Treated Surfaces 86

3.8 Conclusions 87

3.9 Future Trends 88

References 89

Further Reading 93

4. Plasma Assisted Polymer Modifications 95
Gomathi Nageswaran, Lavanya Jothi and Saravanakumar Jagannathan

4.1 Introduction 95

4.2 Plasma Treatment 96

4.3 Plasma-Polymer Interactions 110

4.4 Influence of the Type o f Polymer 114

4.5 Plasma Sources 119

4.6 Ageing of Plasma-Modified Polymers 120

4.7 Applications o f Plasma-Modified Polymers 121

4.8 Conclusion 124

References 125

5. Plasma-Induced Polymeric Coatings 129
Venu Anand, Rajesh Thomas, K.H. Thulasi Raman 
and Mohan Rao Gowravaram

5.1 Introduction 129

5.2 Plasma-Induced Polymerization Versus Plasma Polymerization 132

5.3 Mechanism o f Polymer Formation 133

5.4 Factors That Influence Polymer Formation 135

5.5 Rate of Polymerization 140

5.6 Materials for Polymerization 142

5.7 Polymer-Based Nanocomposite Coatings 144

5.8 Polymer Super-Hard Coatings 147

5.9 Conclusions . 152

References 152

6. Application of Plasma in Printed Surfaces and Print Quality 159
Joanna Izdebska-Podsiadfy

6.1 Application o f Plasma in Printed Surfaces 159

6.2 Nonthermal Plasma for Printed Plastics 163



Contents vii

6.3 Mechanism o f Plasma Treatment 165

6.4 Effects of Plasma on Polymer Surface and Their Impact on Printability 167

6.5 Influence of Plasma Parameters on Wettability and Printability 176

6.6 The Aging Process o f Plasma Treatment 181

6.7 Concluding Remarks 184

References 185

Further Reading 191

7. Plasma Treatment of Powders and Fibers 193
Tafana Vacková, Petr Špatenka and Syam Balakrishna

7.1 Introduction 193

7.2 Particles Formation in Plasma 194

7.3 Plasma Treatment of Powders 196

7.4 Plasma Treatment of Fibers 203

7.5 Conclusion 205

Acknowledgment 205

References 206

8. Plasma Treatment of Polymeric Membranes 211
Ahmed Al-Jumaili, Surjith Alancherry, Daniel Grant, Avishek Kumar,
Kateryna Bazaka and Mohan V. Jacob

8.1 Introduction 211

8.2 Plasma Treatment of Biological Membranes 213

8.3 Membrane Fouling 218

8.4 Membranes Surface Functionalization 223

8.5 Membranes Exposure to Nonpolymerized Plasma Gases 228

8.6 Conclusions 233

References 234

9. Selective Plasma Etching of Polymers and Polymer Matrix
Composites 241
Harinarayanan Puliyalil, Gregor Filipič and Uros Cvelbar

9.1 Introduction 241

9.2 Selectivity o f Plasma Etching: Origin and Influential Factors 243

9.3 Applications of Selective Plasma Etching 249

9.4 Conclusions 255

References 256



vili Contents

10. Wettability Analysis and Water Absorption Studies of Plasma
Activated Polymeric Materials 261
Jorge López-García

10.1 Polymer Materials: A Real Need in the Modern World 261

10.2 Contact Angle Measurement and Its Importance on Polymer
Studies: Surface Free Energy and Measuring Methods 263

10.3 On the Correlation o f Plasma Treatment in Surface Wettability
Modification 268

10.4 Wettability and Its Role on Plasma Treatment for Medical Applications 275

10.5 Other Approaches to Assess Wettability and Surface Energy 279

10.6 Future Prospeas and Conclusions 281

References 282

11. Microscopic Analysis of Plasma-Activated Polymeric Materials 287
Jemy James, Blessy Joseph, Ashin Shaji, Parvathy Nancy,
Nandakumar Kalarikkal, Sabu Thomas, Yves Grohens 
and Guillaume Vignaud

11.1 Introduction 287

11.2 Plasma Activation o f Polymers 289

11.3 Microscopic Analysis 291

11.4 Conclusion 314

References 314

12. Spectroscopic and Mass Spectrometry Analyses
of Plasma-Activated Polymeric Materials 319
Parvathy Nancy, Jomon Joy, Jemy James, Blessy Joseph,
Sabu Thomas and Nandakumar Kalarikkal

12.1 Introduction 319

12.2 Spectroscopic Analysis 320

12.3 Mass Spectrometry Analysis 333

12.4 Conclusion 337

References 338

Further Reading 340

13. Plasma Treatment of High-Performance Fibrous Materials 341
Marija Gorjanc

13.1 Introduction 341

13.2 Interaaion Between a Plasma and High-Performance Fibrous Materials 342

13.3 Conclusions 361

References 362



Contents ix

14. Plasma Modified Polymerie Materials for Implant Applications 367

Ladislav Cvrček and Marta Horáková

14.1 Introduaion 367

14.2 Polymers for Implants 368

14.3 Modification o f the Polymer Surfaces 373

14.4 Plasma-Modified Polymer Implants 384

14.5 Conclusion 397

Acronyms 398

References 399

15. Plasma Modified Polymeric Materials for Biosensors/Biodevice
Applications 409

Lavanya Jothi and Gomathi Nageswaran

15.1 Introduaion 409

15.2 Need for Surface Modification o f Polymers 409

15.3 Overview o f Plasma Polymer Surface Modification 410

15.4 Strategies for Plasma Surface Modification o f Polymer in Biomedical
Application 411

15.5 Application as Bio-Interface in Biosensor and Biomedical Device 412

15.6 Conclusion 430

15.7 Future Trends 431

Acknowledgment 432

References 432

16. Plasma Modified Polymeric Materials for Scaffolding of Bone
Tissue Engineering 439

K.S. Joshy, S. Snigdha and Sabu Thomas

16.1 Introduaion 439

16.2 Polymeric Materials for Scaffold Fabrication 441

16.3 Scaffold Design and Fabrication 442

16.4 Plasma-Surface Modification o f Biomaterials 442

16.5 Wet-Spun Scaffolds 444

16.6 Scaffold Funaionalization to Support a Tissue Biocompatibility 445

16.7 Scaffolds for Bone Repair 446

16.8 Impaa o f Nonthermal Plasma Surface Modification on Porous
Calcium Hydroxyapatite Ceramics for Bone Regeneration 446

16.9 Recent Advances in Biomedical Applications o f Scaffolds in Wound
Healing and Dermal Tissue Engineering 447



x Contents

16.10 3D Printed Scaffolds 448

16.11 Plasma Treatment o f Polymers 448
16.12 Plasma-Treated Polymeric Scaffolds 451

16.13 Future Direaions 455

References 456

Index 459


