
V

Contents

Preface XIII
List of Contributors XVII

1 An Introduction to Nonequilibrium Plasmas at Atmospheric
Pressure 1
Sander Nijdam, Eddie van Veldhuizen, Peter Bruggeman, and Ute Ebert

1.1 Introduction 1
1.1.1 Nonthermal Plasmas and Electron Energy Distributions 1
1.1.2 Barrier and Corona Streamer Discharges – Discharges at

Atmospheric Pressure 2
1.1.3 Other Nonthermal Discharge Types 3
1.1.3.1 Transition to Sparks, Arcs, or Leaders 4
1.1.4 Microscopic Discharge Mechanisms 4
1.1.4.1 Bulk Ionization Mechanisms 4
1.1.4.2 Surface Ionization Mechanisms 6
1.1.5 Chemical Activity 6
1.1.6 Diagnostics 8
1.2 Coronas and Streamers 9
1.2.1 Occurrence and Applications 9
1.2.2 Main Properties of Streamers 11
1.2.3 Streamer Initiation or Homogeneous Breakdown 14
1.2.4 Streamer Propagation 15
1.2.4.1 Electron Sources for Positive Streamers 15
1.2.5 Initiation Cloud, Primary, Secondary, and Late Streamers 16
1.2.6 Streamer Branching and Interaction 18
1.3 Glow Discharges at Higher Pressures 20
1.3.1 Introduction 20
1.3.2 Properties 21
1.3.3 Studies 22
1.3.4 Instabilities 25
1.4 Dielectric Barrier and Surface Discharges 26
1.4.1 Basic Geometries 26
1.4.2 Main Properties 29



VI Contents

1.4.3 Surface Discharges and Packed Beds 30
1.4.4 Applications of Barrier Discharges 31
1.5 Gliding Arcs 32
1.6 Concluding Remarks 34

References 34

2 Catalysts Used in Plasma-Assisted Catalytic Processes: Preparation,
Activation, and Regeneration 45
Vasile I. Parvulescu

2.1 Introduction 45
2.2 Specific Features Generated by Plasma-Assisted Catalytic

Applications 46
2.3 Chemical Composition and Texture 47
2.4 Methodologies Used for the Preparation of Catalysts for

Plasma-Assisted Catalytic Reactions 49
2.4.1 Oxides and Oxide Supports 49
2.4.1.1 Al2O3 49
2.4.1.2 SiO2 50
2.4.1.3 TiO2 51
2.4.1.4 ZrO2 52
2.4.2 Zeolites 52
2.4.2.1 Metal-Containing Molecular Sieves 53
2.4.3 Active Oxides 55
2.4.4 Mixed Oxides 56
2.4.4.1 Intimate Mixed Oxides 56
2.4.4.2 Perovskites 56
2.4.5 Supported Oxides 59
2.4.5.1 Metal Oxides on Metal Foams and Metal Textiles 61
2.4.6 Metal Catalysts 62
2.4.6.1 Embedded Nanoparticles 62
2.4.6.2 Catalysts Prepared via Electroplating 62
2.4.6.3 Catalysts Prepared via Chemical Vapor Infiltration 64
2.4.6.4 Metal Wires 64
2.4.6.5 Supported Metals 65
2.4.6.6 Supported Noble Metals 66
2.5 Catalysts Forming 67
2.5.1 Tableting 67
2.5.2 Spherudizing 69
2.5.3 Pelletization 69
2.5.4 Extrusion 70
2.5.5 Foams 72
2.5.6 Metal Textile Catalysts 73
2.6 Regeneration of the Catalysts Used in Plasma Assisted Reactions 73
2.7 Plasma Produced Catalysts and Supports 74
2.7.1 Sputtering 76



Contents VII

2.8 Conclusions 76
References 77

3 NOx Abatement by Plasma Catalysis 89
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