
Contents

Preface ix

About the Authors xi

1 Introduction 1

1.1 Background 1

1.2 Plasma Generation in Nature and in the Laboratory 1

1.3 Needs forPlasma Water Treatment 4

1.4 Conventional Water Treatment Technologies 6

1.4.1 Chlorination 6

1.4.2 In-Line Filters 7

1.4.3 Pulsed ElectricField 7

1.4.4 UltravioletRadiation 7

1.4.5 Ozonation 8

1.5 Plasma in Liquids 10

1.5.1 Mechanisms of Plasma Discharges in Liquids 12

1.5.2 Application of Plasma Discharges in Water 13

2 Generation of Plasma in Liquid 15

2.1 Introduction 15

2.2 Partialand FullDischarges in Liquid 15

2.2.1 Thermal Breakdown Mechanism 16

2.2.2 Production of ReactiveSpecies,UV, and Shock Wave

by ElectricalDischarges in Liquid 21

2.3 Underwater Plasma Sources 24

2.3.1 Direct Discharges in Liquid 24

2.3.2 Bubble Discharges in Liquid 29

3 Bubble and ElectronicInitiationMechanism 33

3.1 Introduction 33

3.2 ElectricalBreakdown in Gas Phase 33

3.2.1 The Townsend Breakdown Mechanism 33
3.2.2 Spark Breakdown Mechanism 37

3.3 Electron Avalanche forElectricalBreakdown in Liquid Phase 40

3.3.1 Dense Gas Approximation 41

3.3.2 Semiconductor Approximation 42

3.4 "Bubble Theory" forElectricBreakdown in Liquid 44

3.4.1 Bubble Formation: InterfaceProcesses 44

3.4.2 Bubble Formation: JouleHeating 46

3.4.3 Bubble Formation: PreexistingBubbles 46



3.5 StreamerPropagation 47
3.5.1 ElectrostaticModel 47
3.5.2 ThermalMechanism 53

3.6 StabilityAnalysisoftheStreamers 57
3.6.1 ElectrostaticPressure 58
3.6.2 SurfaceTension 59
3.6.3 HydrodynamicPressure 60

3.7 Nanosecondand SubnanosecondDischargein Water 62
3.7.1 FastImaging ofNanosecondand Subnanosecond
Dischargein Water 62

3.7.2 IonizationofLiquidby E-Impact 66
3.7.3 ChanceofVoidsFormation 68

4 DecontaminationofVolatileOrganicCompounds 71
4.1 Introduction 71
4.2 ConventionalTechnologies 72
4.3 Mechanism ofPlasmaTreatmentofVOCs 74
4.4 DecompositionofMethanoland Ethanol 75
4.5 DecompositionofAromaticCompounds 78
4.6 DecompositionofChlorine-ContainingCompounds 80
4.7 DecolorationofDyesin Wastewater 83
4.8 DecompositionofFreons(Chlorofluorocarbons) 85
4.9 CleaningofSO2withNonthermalPlasma 86
4.9.1 AcidicWaterCase(pH < 6.5) 87
4.9.2 Neutraland BasicWaterCases(pH > 6.5) 88

5 BiologicalApplications 91
5.1 PlasmaWaterSterilization 91
5.1.1 PreviousStudiesofPlasmaWaterSterilization 91
5.1.2 New Developmentsin PlasmaWaterSterilization 93
5.1.2.1Point-to-PlaneElectrodeConfiguration 93
5.1.2.2MagneticGlidingArc Configuration 96
5.1.2.3ElongatedSparkConfiguration 99

5.1.3 PlasmaSpeciesand FactorsforSterilization 100
5.1.4 ComparisonofDifferentPlasmaDischargesfor
WaterSterilization 104

5.2 BloodTreatmentUsingNonthermalPlasma 105
5.2.1 In VitroBloodCoagulationUsingNonthermal
AtmosphericPressurePlasma 106

5.2.2 In VivoBloodCoagulationUsingDBD Plasma 107
5.2.3 MechanismsofBloodCoagulationUsing
NonthermalPlasma 108

6 Cooling Water Treatment Using Plasma 111

6.1 Introduction 111
6.2 Self-CleaningFiltrationTechnology with Spark Discharge 114

6.3 Calcium Carbonate Precipitationwith Spark Discharge 119

6.3.1 Effectof Plasma on Cooling Water 123
6.3.2 Effectof Spray Circulationon Hardness of Cooling

Water 132

6.3.3 Mechanism ofPlasma-Induced Calcium Precipitation 132

6.3.3.1 Effectof Electrolysis 132

6.3.3.2 Effectof UV Radiation 134

6.3.3.3 Effectof Reactive Species 135

6.3.3.4 Effectof Microheating 136

6.3.3.5 Nonthermal Effectof Plasma 139

6.3.3.6 Discussions of Calcium Precipitation

with Plasma 143

6.3.4 Economic Analysis of Plasma Water Treatment 144

6.4 ApplicationforMineral Fouling Mitigationin Heat Exchangers 145

6.4.1 Fouling Resistance:ValidationStudy 148

6.4.2 Visualizationof the Calcium Carbonate Particles 154

6.4.3 Cycle of Concentration 158

References 161

Index 177


	page1
	page2

