Contents

Preface v
Nomenclature Xl
Introduction 1

1 Some fundamental aspects of fluidization

1.1 General features of gas-solid fluidization

1.2 Minimum fluidization velocity 5
1.3 Fluidization characteristics of powders
1.4 Interparticle forces 11

1.5 Liquid-solid fluidization 14

1.6  Bubbles 15

1.7 Slugging 32

1.8  Beyond the slugging region 34
1.9  Entrainment and elutriation 37
1.10 Particle movement 44

1.11 Bed viscosity 52

1.12  Fluidization under pressure 54
1.13 Heat transfer 58

1.14  Gas distributors 62

References 67

2 Fluidized-bed reactor models 72

2.1 Introduction 72

2.2 General approach to reactor modelling
2.3 Some individual models 90

2.4 Model comparisons 108

2.5 Multiple region models 112
References 118

3 Catalytic cracking 121

3.1 Process developments 121
3.2 Riser cracking 124

3.3 Catalysts 128

3.4 Process chemistry 131

9

74

x



x Contents

3.5 Energy considerations 134
3.6 Kinetics 140

3.7 Process models 146
References 157

4 Combustion and gasification 160

4.1 Introduction 160

4.2 General features of fluidized coal combustion
4.3 Plant developments 163

4.4 Mechanism of coal combustion 166

4.5 Oil and gas combustion 182

4.6 Desulphurization 184

4.7 NO, emissions 191

4.8 Coal gasification 192

References 196

5 Miscellaneous processes 199

5.1 Apologia 199

5.2 Phthalic anhydride (1,3-isobenzofurandione)
5.3 Acrylonitrile (prop-3-enenitrile) 202

5.4 Vinyl chloride (chloroethene) 204

5.5 Titanium dioxide 205

5.6 Uranium processing 206

5.7 Sulphide ore roasting 208

5.8 Direct reduction of iron ores 209
References 210

Author index 213

Subject index 219

160

199




