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6 Gas-Phase Inorganic Synthesis in Plasma

6.1.

6.2.

6.3.

Plasma-Chemical Synthesis of Nitrogen Oxides from Air and

Nitrogen—Oxygen Mixtures: Thermal and Non-Thermal

Mechanisms

6.1.1. Fundamental and Applied Aspects of NO Synthesis in Air
Plasma

6.1.2. Mechanisms of NO Synthesis Provided in Non-Thermal
Plasma by Excitation of Neutral Molecules: Zeldovich
Mechanism

6.1.3. Mechanisms of NO Synthesis Provided in Non-Thermal
Plasma by Charged Particles

6.1.4. NO Synthesis in Thermal Plasma Systems

6.1.5. Energy Efficiency of Different Mechanisms of NO Synthesis
in Thermal and Non-Thermal Discharge Systems

Elementary Reaction of NO Synthesis Stimulated by Vibrational

Excitation of Molecular Nitrogen

6.2.1. Limiting Elementary Reaction of Zeldovich Mechanism:
Adiabatic and Non-Adiabatic Channels of NO Synthesis

6.2.2. Electronically Adiabatic Channel of NO Synthesis
O + N; — NO + N Stimulated by Vibrational Excitation
of Molecular Nitrogen

6.2.3. Electronically Non-Adiabatic Channel of NO Synthesis
(O + N — NO + N): Stages of the Elementary Process
and Method of Vibronic Terms

6.2.4. Transition Probability Between Vibronic Terms
Corresponding to Formation of Intermediate N,O*(' 1)
Complex

6.2.5. Probability of Formation of Intermediate N,O*(' =+)
Complex in Electronically Non-Adiabatic Channel of NO
Synthesis

6.2.6. Decay of Intermediate Complex N,O*(' £%): Second Stage
of Electronically Non-Adiabatic Channel of NO Synthesis

6.2.7. Total Probability of Electronically Non-Adiabatic Channel
of NO Synthesis (O + N, — NO + N)

Kinetics and Energy Balance of Plasma-Chemical NO Synthesis

Stimulated in Air and O,—N, Mixtures by Vibrational Excitation

6.3.1. Rate Coefficient of Reaction O + N; - NO + N
Stimulated in Non-Equilibrium Plasma by Vibrational
Excitation of Nitrogen Molecules

6.3.2. Energy Balance of Plasma-Chemical NO Synthesis:
Zeldovich Mechanism Stimulated by Vibrational Excitation

6.3.3. Macro-Kinetics of Plasma-Chemical NO Synthesis: Time
Evolution of Vibrational Temperature

6.3.4. Energy Efficiency of Plasma-Chemical NO Synthesis:
Excitation and Relaxation Factors

6.3.5. Energy Efficiency of Plasma-Chemical NO Synthesis:
Chemical Factor

6.3.6. Stability of Products of Plasma-Chemical Synthesis to
Reverse Reactions in Active Zone of Non-Thermal Plasma

355

355

355

356

358
358

359

36l

36l

36l

363

364

365

366

367

367

367

368

369

370

371

371

6.4.

6.5.
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6.3.7. Effect of “Hot Nitrogen Atoms” on Yield of NO Synthesis
in Non-Equilibrium Plasma in Air and Nitrogen—Oxygen
Mixtures

6.3.8. Stability of Products of Plasma-Chemical NO Synthesis to
Reverse Reactions Outside of the Discharge Zone

Experimental Investigations of NO Synthesis from Air and
N,—O; Mixtures in Different Discharges

6.4.1. Non-Equilibrium Microwave Discharge in Magnetic Field
Operating in Conditions of Electron Cyclotron Resonance

6.4.2. Evolution of Vibrational Temperature of Nitrogen
Molecules in Non-Equilibrium ECR: Microwave Discharge
During Plasma-Chemical NO Synthesis

6.4.3. NO Synthesis in the Non-Equilibrium ECR Microwave
Discharge

6.4.4. NO Synthesis in Non-Self-Sustained Discharges Supported
by Relativistic Electron Beams

6.4.5. Experiments with NO Synthesis from Air in Stationary
Non-Equilibrium Plasma-Beam Discharge

6.4.6. Experiments with NO Synthesis from N, and O, in
Thermal Plasma of Arc Discharges

6.4.7. General Schematic and Parameters of Industrial
Plasma-Chemical Technology of NO Synthesis from Air

Plasma-Chemical Ozone Generation: Mechanisms and Kinetics

6.5.1. Ozone Production as a Large-Scale Industrial Application
of Non-Thermal Atmospheric-Pressure Plasma

6.5.2. Energy Cost and Energy Efficiency of Plasma-Chemical
Production of Ozone in Some Experimental and Industrial
Systems

6.5.3. Plasma-Chemical Ozone Formation in Oxygen

6.5.4. Optimum DBD Microdischarge Strength and Maximization
of Energy Efficiency of Ozone Production in Oxygen
Plasma

6.5.5. Plasma-Chemical Ozone Generation in Air

6.5.6. Discharge Poisoning Effect During Ozone Generation in
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6.5.7. Temperature Effect on Plasma-Chemical Generation and
Stability of Ozone

6.5.8. Negative Effect of Water Vapor on Plasma-Chemical
Ozone Synthesis

6.5.9. Effect of Hydrogen, Hydrocarbons, and Other Admixtures
on Plasma-Chemical Ozone Synthesis

Experimental and Industrial Plasma-Chemical Ozone Generators

6.6.1. Synthesis of Ozone in Dielectric Barrier Discharges as the
Oldest and Still Most Successful Approach to Ozone
Generation

6.6.2. Tubular DBD Ozone Generators and Large Ozone
Production Installations

6.6.3. Planar and Surface Discharge Configurations of DBD
Ozone Generators

6.6.4. Synthesis of Ozone in Pulsed Corona Discharges
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6.7.

6.8.

6.6.5. Peculiarities of Ozone Synthesis in Pulsed Corona with
Respect to DBD

6.6.6. Possible Specific Contribution of Vibrational Excitation of
Molecules to Ozone Synthesis in Pulsed Corona
Discharges

Synthesis of KrF, and Other Aggressive Fluorine Oxidizers

6.7.1. Plasma-Chemical Gas-Phase Synthesis of KrF, and
Mechanism of Surface Stabilization of Reaction Products

6.7.2. Physical Kinetics of KrF, Synthesis in Krypton Matrix

6.7.3. Synthesis of KrF; in Glow Discharges, Barrier Discharges,
and Photo-Chemical Systems

6.7.4. Synthesis of KrF, in Non-Equilibrium Microwave Discharge
in Magnetic Field

6.7.5. Plasma F, Dissociation as the First Step in Synthesis of
Aggressive Fluorine Oxidizers

6.7.6. Plasma-Chemical Synthesis of O,F, and Other Oxygen
Fluorides

6.7.7. Plasma-Chemical Synthesis of NF; and Other Nitrogen
Fluorides

6.7.8. Plasma-Chemical Synthesis of Xenon Fluorides and Other
Fluorine Oxidizers

Plasma-Chemical Synthesis of Hydrazine (N2H4), Ammonia

(NHj3), Nitrides of Phosphorus, and Some Other Inorganic

Compounds

6.8.1. Direct Plasma-Chemical Hydrazine (N2H4) Synthesis from
Nitrogen and Hydrogen in Non-Equilibrium Discharges
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6.8.6. Sulfur Gasification by Carbon Dioxide in Non-Thermal and
Thermal Plasmas

6.8.7. CN and NO Synthesis in CO-N; Plasma

6.8.8. Gas-Phase Synthesis Related to Plasma-Chemical
Oxidation of HCl and SO,

Problems and Concept Questions

7 Plasma Synthesis, Treatment, and Processing of Inorganic

Materials, and Plasma Metallurgy

7.1.

Plasma Reduction of Oxides of Metals and Other Elements

7.1.1. Thermal Plasma Reduction of Iron Ore, Iron Production
from Oxides Using Hydrogen and Hydrocarbons, and
Plasma-Chemical Steel Manufacturing

7.1.2. Productivity and Energy Efficiency of Thermal Plasma
Reduction of Iron Ore

7.1.3. Hydrogen Reduction of Refractory Metal Oxides in
Thermal Plasma and Plasma Metallurgy of Tungsten and
Molybdenum
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7.1.4. Thermal Plasma Reduction of Oxides of Aluminum and
Other Inorganic Elements
7.1.5. Reduction of Metal Oxides and Production of Metals Using
Non-Thermal Hydrogen Plasma
7.1.6. Non-Equilibrium Surface Heating and Evaporation Effect in
Heterogeneous Plasma-Chemical Processes in
Non-Thermal Discharges
7.1.7. Non-Equilibrium Surface Heating and Evaporation in
Plasma Treatment of Thin Layers of Flat Surfaces: Effect of
Short Pulses
Production of Metals and Other Elements by Carbothermic
Reduction and Direct Decomposition of Their Oxides in
Thermal Plasma
7.2.1. Carbothermic Reduction of Elements from Their Oxides
7.2.2. Production of Pure Metallic Uranium by Carbothermic
Plasma-Chemical Reduction of Uranium Oxides
7.2.3. Production of Niobium by Carbothermic
Plasma-Chemical Reduction of Niobium Oxides
7.2.4. Double-Stage Carbothermic Thermal Plasma Reduction
of Rare and Refractory Metals from Their Oxides
7.2.5. Carbothermic Reduction of Iron from Iron Titanium
Oxide Concentrates in a Thermal Plasma Fluidized Bed
7.2.6. Production of Silicon Monoxide by SiO, Decomposition
in Thermal Plasma
7.2.7. Experiments with SiO, Reduction to Pure Silicon
Monoxide in High-Temperature Radiofrequency ICP
Discharges
7.2.8. Reduction of Aluminum by Direct Thermal Plasma
Decomposition of Alumina
7.2.9. Reduction of Vanadium by Direct Plasma Decomposition
of Its Oxides, V,0Os5 and V,0;
7.2.10. Reduction of Indium and Germanium by Direct Plasma
Decomposition of Their Oxides
Hydrogen Plasma Reduction of Metals and Other Elements from
Their Halides
7.3.1. Using Halides for Production of Metals and Other
Elements from Their Compounds
7.3.2. Plasma-Chemical Production of Boron: Thermal Plasma
Reduction of BCl; with Hydrogen
7.3.3. Hydrogen Reduction of Niobium from Its Pentachloride
(NiCls) in Thermal Plasma
7.3.4. Hydrogen Reduction of Uranium from Its Hexafluoride
(UFs) in Thermal Plasma
7.3.5. Hydrogen Reduction of Tantalum (Ta), Molybdenum (Mo),
Tungsten (W), Zirconium (Zr), and Hafnium (Hf) from
Their Chlorides in Thermal Plasma
7.3.6. Hydrogen Reduction of Titanium (Ti), Germanium (Ge),
and Silicon (Si) from Their Tetrachlorides in Thermal
Plasma
7.3.7. Thermal Plasma Reduction of Some Other Halides with
Hydrogen: Plasma Production of Intermetallic Compounds
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74.

7.5.

7.6.

7.3.8. Hydrogen Reduction of Halides in Non-Thermal Plasma

Direct Decomposition of Halides in Thermal and Non-Thermal

Plasma

7.4.1. Direct Decomposition of Halides and Production of Metals
in Plasma

7.4.2. Direct UF; Decomposition in Thermal Plasma:
Requirements for Effective Product Quenching

7.4.3. Direct Decomposition of Halides of Some Alkali and
Alkaline Earth Metals in Thermal Plasma

7.4.4. Direct Thermal Plasma Decomposition of Halides of
Aluminum, Silicon, Arsenic, and Some Other Elements of
Groups 3, 4,and 5

7.4.5. Direct Thermal Plasma Decomposition of Halides of
Titanium (Ti), Zirconium (Zr), Hafnium (Hf), Vanadium (V),
and Niobium (Nb)

7.4.6. Direct Decomposition of Halides of Iron (Fe), Cobalt (Co),
Nickel (Ni), and Other Transition Metals in Thermal Plasma

7.4.7. Direct Decomposition of Halides and Reduction of Metals
in Non-Thermal Plasma

7.4.8. Kinetics of Dissociation of Metal Halides in Non-Thermal
Plasma: Distribution of Halides over Oxidation Degrees

7.4.9. Heterogeneous Stabilization of Products During Direct
Decomposition of Metal Halides in Non-Thermal Plasma:
Application of Plasma Centrifuges for Product Quenching

Plasma-Chemical Synthesis of Nitrides and Carbides of Inorganic

Materials

7.5.1. Plasma-Chemical Synthesis of Metal Nitrides from
Elements: Gas-Phase and Heterogeneous Reaction
Mechanisms

7.5.2. Synthesis of Nitrides of Titanium and Other Elements by
Plasma-Chemical Conversion of Their Chlorides

7.5.3. Synthesis of Silicon Nitride (Si3sN4) and Oxynitrides by
Non-Thermal Plasma Conversion of Silane (SiH4)

7.5.4. Production of Metal Carbides by Solid-Phase Synthesis in
Thermal Plasma of Inert Gases

7.5.5. Synthesis of Metal Carbides by Reaction of Solid Metal
Oxides with Gaseous Hydrocarbons in Thermal Plasma

7.5.6. Gas-Phase Synthesis of Carbides in Plasma-Chemical
Reactions of Halides with Hydrocarbons

7.5.7. Conversion of Solid Oxides into Carbides Using Gaseous
Hydrocarbons Inside of RF-ICP Thermal Plasma Discharge
and Some Other Plasma Technologies for Carbide
Synthesis

Plasma-Chemical Production of Inorganic Oxides by Thermal

Decomposition of Minerals, Aqueous Solutions, and Conversion

Processes

7.6.1. Plasma Production of Zirconia (ZrO,) by Decomposition
of Zircon Sand (ZrSiOy)

7.6.2. Plasma Production of Manganese Oxide (MnO) by
Decomposition of Rhodonite (MnSiO3)
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7.6.3. Plasma-Chemical Extraction of Nickel from Serpentine
Minerals

7.6.4. Production of Uranium Oxide (U3;Og) by Thermal Plasma
Decomposition of Uranyl Nitrate (UO,(NO3),) Aqueous
Solutions

7.6.5. Production of Magnesium Oxide (MgO) by Thermal
Plasma Decomposition of Aqueous Solution or Melt of
Magnesium Nitrate (Mg(NO3),)

7.6.6. Plasma-Chemical Production of Oxide Powders for
Synthesis of High-Temperature Superconducting
Composites

7.6.7. Production of Uranium Oxide (U3;Og) by Thermal Plasma
Conversion of Uranium Hexafluoride (UF¢) with Water
Vapor

7.6.8. Conversion of Silicon Tetrafluoride (SiF4) with Water
Vapor into Silica (SiO;) and HF in Thermal Plasma

7.6.9. Production of Pigment Titanium Dioxide (TiO,) by
Thermal Plasma Conversion of Titanium Tetrachloride
(TiCls) in Oxygen

7.6.10. Thermal Plasma Conversion of Halides in Production of
Individual and Mixed Oxides of Chromium, Aluminum,
and Titanium

7.6.11. Thermal Plasma Treatment of Phosphates: Tricalcium
Phosphate (Ca3(PO4)2) and Fluoroapatite (CasF(POj4)3)

7.6.12. Oxidation of Phosphorus and Production of Phosphorus
Oxides in Air Plasma

Plasma-Chemical Production of Hydrides, Borides, Carbonyls,

and Other Compounds of Inorganic Materials

7.7.1. Production of Hydrides in Thermal and Non-Thermal
Plasma

7.7.2. Non-Thermal Plasma Mechanisms of Hydride Formation
by Hydrogen Gasification of Elements and by
Hydrogenation of Thin Films

7.7.3. Synthesis of Metal Carbonyls in Non-Thermal Plasma:
Effect of Vibrational Excitation of CO Molecules on
Carbonyl Synthesis

7.7.4. Plasma-Chemical Synthesis of Borides of Inorganic
Materials

7.7.5. Synthesis of Intermetallic Compounds in Thermal Plasma

Plasma Cutting, Welding, Melting, and Other High-Temperature

Inorganic Material Processing Technologies

7.8.1. Plasma Cutting Technology

7.8.2. Plasma Welding Technology

7.8.3. About Plasma Melting and Remelting of Metals

7.8.4. Plasma Spheroidization and Densification of Powders

Problems and Concept Questions

8 Plasma-Surface Processing of Inorganic Materials: Micro- and

Nano-Technologies
8.1. Thermal Plasma Spraying

8.1.1. Plasma Spraying as a Thermal Spray Technology

482

482

483

483

484

484

485

486

487

488

488

488

489

490

492
493

493
493
494
495
495
496

499
499
499



8.2.

8.3.

84.

8.1.2. DC-Arc Plasma Spray: Air Plasma Spray

8.1.3. DC-Arc Plasma Spray: VPS, LPPS, CAPS, SPS, UPS, and
Other Specific Spray Approaches

8.1.4. Radiofrequency Plasma Spray

8.1.5. Thermal Plasma Spraying of Monolithic Materials

8.1.6. Thermal Plasma Spraying of Composite Materials

8.1.7. Thermal Spray Technologies: Reactive Plasma Spray
Forming

8.1.8. Thermal Plasma Spraying of Functionally Gradient
Materials

8.1.9. Thermal Plasma Spray Modeling

Plasma-Chemical Etching: Mechanisms and Kinetics

8.2.1. Main Principles of Plasma Etching as Part of Integrated
Circuit Fabrication Technology

8.2.2. Etch Rate, Anisotropy, Selectivity, and Other Plasma Etch
Requirements

8.2.3. Basic Plasma Etch Processes: Sputtering

8.2.4. Basic Plasma Etch Processes: Pure Chemical Etching

8.2.5. Basic Plasma Etch Processes: lon Energy-Driven Etching

8.2.6. Basic Plasma Etch Processes: lon-Enhanced Inhibitor
Etching

8.2.7. Surface Kinetics of Etching Processes; Kinetics of lon
Energy-Driven Etching

8.2.8. Discharges Applied for Plasma Etching: RF-CCP Sources,
RF Diodes and Triodes, and MERIEs

8.2.9. Discharges Applied for Plasma Etching: High-Density
Plasma Sources

8.2.10. Discharge Kinetics in Etching Processes: lon Density and
lon Flux

8.2.11. Discharge Kinetics in Etching Processes: Density and Flux
of Neutral Etchants

Specific Plasma-Chemical Etching Processes

8.3.1. Gas Composition in Plasma Etching Processes:
Etchants-to-Unsaturates Flux Ratio

8.3.2. Pure Chemical F-Atom Etching of Silicon: Flamm
Formulas and Doping Effect

8.3.3. lon Energy-Driven F-Atom Etching Process: Main Etching
Mechanisms

8.3.4. Plasma Etching of Silicon in CF4 Discharges: Kinetics of
Fluorine Atoms

8.3.5. Plasma Etching of Silicon in CF4 Discharges: Kinetics of
CFy Radicals and Competition Between Etching and
Carbon Deposition

8.3.6. Plasma Etching of Silicon by CI Atoms

8.3.7. Plasma Etching of SiO; by F Atoms and CF, Radicals

8.3.8. Plasma Etching of Silicon Nitride (Si3N4)

8.3.9. Plasma Etching of Aluminum

8.3.10. Plasma Etching of Photoresist

8.3.11. Plasma Etching of Refractory Metals and Semiconductors

Plasma Cleaning of CVD and Etching Reactors in

Micro-Electronics and Other Plasma Cleaning Processes
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8.5.

8.6.

8.7.

8.4.1. In Situ Plasma Cleaning in Micro-Electronics and Related
Environmental Issues
8.4.2. Remote Plasma Cleaning Technology in Microelectronics:
Choice of Cleaning Feedstock Gas
8.4.3. Kinetics of F-Atom Generation from NF;, CF4, and C;F¢ in
Remote Plasma Sources
8.4.4. Surface and Volume Recombination of F Atoms in
Transport Tube
8.4.5. Effectiveness of F Atom Transportation from Remote
Plasma Source
8.4.6. Other Plasma Cleaning Processes: Passive Plasma Cleaning
8.4.7. Other Plasma Cleaning Processes: Active Plasma Cleaning
8.4.8. Wettability Improvement of Metallic Surfaces by Active and
Passive Plasma Cleaning
Plasma Deposition Processes: Plasma-Enhanced Chemical Vapor
Deposition and Sputtering Deposition
8.5.1. Plasma-Enhanced Chemical Vapor Deposition: General
Principles
8.5.2. PECVD of Thin Films of Amorphous Silicon
8.5.3. Kinetics of Amorphous Silicon Film Deposition in Silane
(SiH4) Discharges
8.5.4. Plasma Processes of Silicon Oxide (SiO,) Film Growth:
Direct Silicon Oxidation
8.5.5. Plasma Processes of Silicon Oxide (SiO;) Film Growth:
PECVD from Silane—-Oxygen Feedstock Mixtures and
Conformal and Non-Conformal Deposition Within
Trenches
8.5.6. Plasma Processes of Silicon Oxide (SiO;) Film Growth:
PECVD from TEOS-O, Feed-Gas Mixtures
8.5.7. PECVD Process of Silicon Nitride (SizN4)
8.5.8. Sputter Deposition Processes: General Principles
8.5.9. Physical Sputter Deposition
8.5.10. Reactive Sputter Deposition Processes
8.5.11. Kinetics of Reactive Sputter Deposition: Hysteresis Effect
lon Implantation Processes: lon-Beam Implantation and
Plasma-lmmersion lon Implantation
8.6.1. lon-Beam Implantation
8.6.2. Plasma-Immersion lon Implantation: General Principles
8.6.3. Dynamics of Sheath Evolution in Plasma-Immersion lon
Implantation: From Matrix Sheath to Child Law Sheath
8.6.4. Time Evolution of Implantation Current in Plll Systems
8.6.5. PIll Applications for Processing Semiconductor Materials
8.6.6. PIIl Applications for Modifying Metallurgical Surfaces:
Plasma Source lon Implantation
Microarc (Electrolytic-Spark) Oxidation Coating and Other
Microdischarge Surface Processing Systems
8.7.1. Microarc (Electrolytic-Spark) Oxidation Coating: General
Features
8.7.2. Major Characteristics of the Microarc (Electrolytic-Spark)
Oxidation Process
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8.8.

8.9.

8.7.3. Mechanism of Microarc (Electrolytic-Spark) Oxidation
Coating of Aluminum in Sulfuric Acid

8.7.4. Breakdown of Oxide Film and Starting Microarc
Discharge

8.7.5. Microarc Discharge Plasma Chemistry of Oxide Coating
Deposition on Aluminum in Concentrated Sulfuric Acid
Electrolyte

8.7.6. Direct Micropatterning and Microfabrication in
Atmospheric-Pressure Microdischarges

8.7.7. Microetching, Microdeposition, and Microsurface
Modification by Atmospheric-Pressure Microplasma
Discharges

Plasma Nanotechnologies: Nanoparticles and Dusty Plasmas

8.8.1. Nanoparticles in Plasma: Kinetics of Dusty Plasma
Formation in Low-Pressure Silane Discharges

8.8.2. Formation of Nanoparticles in Silane: Plasma Chemistry of
Birth and Catastrophic Evolution

8.8.3. Critical Phenomena in Dusty Plasma Kinetics: Nucleation
of Nanoparticles, Winchester Mechanism, and Growth of
First Generation of Negative lon Clusters

8.8.4. Critical Size of Primary Nanoparticles in Silane Plasma

8.8.5. Critical Phenomenon of Neutral-Particle Trapping in Silane
Plasma

8.8.6. Critical Phenomenon of Super-Small Nanoparticle
Coagulation

8.8.7. Critical Change of Plasma Parameters due to Formation of
Nanoparticles: «—y Transition

8.8.8. Other Processes of Plasma Production of Nanoparticles:
Synthesis of Aluminum Nanopowder and Luminescent
Silicon Quantum Dots

8.8.9. Plasma Synthesis of Nanocomposite Particles

Plasma Nanotechnologies: Synthesis of Fullerenes and Carbon

Nanotubes

8.9.1. Highly Organized Carbon Nanostructures: Fullerenes and
Carbon Nanotubes

8.9.2. Plasma Synthesis of Fullerenes

8.9.3. Plasma Synthesis of Endohedral Fullerenes

8.9.4. Plasma Synthesis of Carbon Nanotubes by Dispersion of
Thermal Arc Electrodes

8.9.5. Plasma Synthesis of Carbon Nanotubes by Dissociation of
Carbon Compounds

8.9.6. Surface Modification of Carbon Nanotubes by RF Plasma

Problems and Concept Questions

9 Organic and Polymer Plasma Chemistry
9.1.

Thermal Plasma Pyrolysis of Methane and Other Hydrocarbons:

Production of Acetylene and Ethylene

9.1.1. Kinetics of Thermal Plasma Pyrolysis of Methane and
Other Hydrocarbons: The Kassel Mechanism

9.1.2. Kinetics of Double-Step Plasma Pyrolysis of Hydrocarbons
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9.2.

9.3.

9.4.

9.1.3. Electric Cracking of Natural Gas with Production of
Acetylene—Hydrogen or Acetylene—Ethylene—Hydrogen
Mixtures

9.1.4. Other Processes and Regimes of Hydrocarbon Conversion
in Thermal Plasma

9.1.5. Some Chemical Engineering Aspects of Plasma Pyrolysis of
Hydrocarbons

9.1.6. Production of Vinyl Chloride as an Example of Technology
Based on Thermal Plasma Pyrolysis of Hydrocarbons

9.1.7. Plasma Pyrolysis of Hydrocarbons with Production of Soot
and Hydrogen

9.1.8. Thermal Plasma Production of Acetylene by Carbon Vapor
Reaction with Hydrogen or Methane

Conversion of Methane into Acetylene and Other Processes of

Gas-Phase Conversion of Hydrocarbons in Non-Thermal Plasmas

9.2.1. Energy Efficiency of CH4 Conversion into Acetylene in
Thermal and Non-Thermal Plasmas

9.2.2. High-Efficiency CH4 Conversion into CoH, in
Non-Thermal Moderate-Pressure Microwave Discharges

9.2.3. Limits of Quasi-Equilibrium Kassel Kinetics for Plasma
Conversion of CHy4 into CoH,

9.2.4. Contribution of Vibrational Excitation to Methane
Conversion into Acetylene in Non-Equilibrium Discharge
Conditions

9.2.5. Non-Equilibrium Kinetics of Methane Conversion into
Acetylene Stimulated by Vibrational Excitation

9.2.6. Other Processes of Decomposition, Elimination, and
Isomerization of Hydrocarbons in Non-Equilibrium Plasma:
Plasma Catalysis

Plasma Synthesis and Conversion of Organic Nitrogen

Compounds

9.3.1. Synthesis of Dicyanogen (C;N,) from Carbon and
Nitrogen in Thermal Plasma

9.3.2. Co-Production of Hydrogen Cyanide (HCN) and
Acetylene (C;H,) from Methane and Nitrogen in Thermal
Plasma Systems

9.3.3. Hydrogen Cyanide (HCN) Production from Methane and
Nitrogen in Non-Thermal Plasma

9.3.4. Production of HCN and H; in CH4~NH;3; Mixture in
Thermal and Non-Thermal Plasmas

9.3.5. Thermal and Non-Thermal Plasma Conversion Processes
in CO-N, Mixture

9.3.6. Other Non-Equilibrium Plasma Processes of Organic
Nitrogen Compounds Synthesis
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