CONTENTS

FOREWORD
PREFACE

Chapter | CHEMICAL EQUILIBRIUM
1.1 Ideal versus Real System
1.1.1  Activity Coefficient for a Binary System in Solution
1.2 Electrolyte and Ionic Strength
1.3 Debye-Hiickel Theory
1.4 Equilibrium of Chemical Reactions
References
Problem Set

Chapter 2  WATER SOFTENING
2.1 Carbonate System
2.2 Carbonate Concentration Diagrams
2.2.1 A Closed System of Dissolved Carbonates

2.2.2 Dissolved Carbonates in An Open System of Atmospheric

Carbon Dioxide

2.2.3 Dissolved Carbonates in Contact with Solid Calcium
Carbonates (Open to Solid Minerals)

2.3 System Points and Equivalence Points
2.4 Lime-Soda Ash Process

References

Problem Set

Chapter 3 PRECIPITATION AND STABILIZATION
3.1 Dissolution and Solubility Product
3.2 A Heterogeneous System of Iron
3.2.1 Aluminum Phosphate Precipitation
3.3 Langelier Index

Xi

vil

ix

17
25
35
39
40

41
43
51
51

54

57
60
68
75
76

77
78
90
98
102



xii Contents

3.4 Complexation-Coordination Chemistry 107
34.1 Masking 122
References 126
Problem Set 127
Chapter 4 TON EXCHANGE 129
4.1 Ion Exchangers and Exchange Reactions 130
4.1.1 Exchange Capacity 133
4.2 Exchange Equilibria and Kinetics 138
4.2.1 Selectivity Coefficient and Ion Exchange Isotherm 139
4.2.2 Diffusion and Ion Exchange Kinetics 146
4.3 Applications and Design of Exchangers 151
43.1 Adjustable Hardness 152
432 Desalination and Demineralization 156
4.3.3 Metal Recovery for Plating Wastes 161
4.4 lon Chromatography 163
References 169
Problem Set 171
Chapter 5 AERATION AND STRIPPING 173
5.1 Henry’s Law 174
5.2 GQas Stripping 177
5.3 Mass Transfer 180
5.3.1 Similitude and Dimensional Analysis 182
5.3.2 Correlation for Mass Transfer Coefficients 190
54 Oxygen Sag Curve 198
5.4.1 The Streeter-Phelps Equation 199
5.4.2 The Biotic Index 204
5.4.3 Estuary and Ocean Disposal 206
References 214
Problem Set 216
Chapter 6 COAGULATION 217

6.1 Derjaguin-Landau-Verney-Overbeek (DLVO) Theory 218



Contents xiii
6.1.1 Electric Double Layer 218
6.1.2 Electrokinetic Phenomena 224
6.1.3 Hamaker Constants 228
6.2 Destabilization 231
6.2.1 Repression of Double Layer 233
6.2.2 Charge Neutralization and Adsorption 237
6.2.3 Entrapment in Precipitates 237
6.2.4 Interparticle Bridging 240
6.3 Destabilization Chemicals (Coagulants) 243
6.4 Flocculation and Sedimentation 249
6.4.1 Orthokinetic Flocculation versus Perikinetic Flocculation 249
6.4.2 Comparison between Filtration and Coagulation 252
6.4.3 Mean Velocity Gradient 255
References 257
Problem Set 258
Chapter 7 DISINFECTION 259
7.1 Disinfection Kinetics 260
7.1.1 Disinfection Using Heat and Ultraviolet Light 269
7.2 Chlorine Chemistry 275
7.3 Breakpoint Reaction 280
7.3.1 Trihalomethane and Haloacetonitrile Formation 283
7.3.2 Cyanide Conversion and Phenol Reaction 288
7.3.3 Specialized Disinfectants 289
7.3.4 Fluoridation, Defluoridation, and Dechlorination 292
7.4 Disinfection in Water-Distribution Systems 294
7.4.1 Fluid Mechanics and Flow 294
7.4.2 Convective Diffusion 301
References 310
Problem Set 313
Chapter 8§ COMBUSTION AND INCINERATION 315
8.1 Combustion Chemistry 316
8.1.1 Equivalence Ratio 316

8.1.2 Free Radicals Process

318



Xiv Contents
8.1.3 Zeldovich Mechanism 320
8.1.4 Flame Retardants 321
8.2 Thermochemistry and Incineration 322
8.2.1 Catalytic Incineration and Wet Combustion 335
8.3 Formation of Polycyclic Aromatic Hydrocarbons (PAH) and Soot 339
8.4 Dioxin 346
8.4.1 Abatement of PCDD/PCDF 352
References 355
Problem Set 358
Chapter 9 PYROLYSIS AND CATALYSIS 359
9.1 Pyrolysis Chemistry 360
9.1.1 Paraffins Cracking 360
9.1.2 Naphthenics Pyrolysis 366
9.1.3 Pyrolysis of Aromatics and Others 373
9.2 Model for Pyrolysis 376
9.2.1 Gas-Tar-Char System 376
9.2.2 Optimization 379
9.3 Catalysis and Catalyst Chemistry 382
9.3.1 Transition State and Stabilization 382
9.3.2 Hydrogen Transfer 385
9.3.3 Transition Metal Catalysis and Solubility Parameters 389
References 395
Problem Set 396
Chapter 10 PHOTOLYSIS 397
10.1 Photometry and Photochemistry 398
10.1.1 Photochemical Excitation 403
10.2 Spectroscopic States 408
10.2.1 Atom Designation 408
10.2.2 Molecule Designation 412
10.3 Direct and Sensitized Photolysis 415
10.4 Applied Photolysis 418
10.4.1 Optical Brighteners 418

10.4.2 Photocatalytic Process 421



Contents XV

10.4.3 Photogalvanic System 425
References 431
Problem Set 432
Chapter 11 OXIDATION AND REDUCTION 433
11.1 Redox Reaction and Its Stoichiometry 434
11.2 Electrode Potential and Electron Activity 437

11.2.1 pe&pH Predominance Area Diagrams 444
11.3 Removing Iron and Manganese 449
11.4 Redox Reaction Mechanism 452

11.4.1 Geochemical Redox Processes in Soil Environment 459

11.4.2 One Electron Transfer Process 460

11.4.3 Zero-valent Metal Remediation 464

11.4.4 Miscellaneous Photochemical Cycles 467
11.5 Advanced Oxidation Process 471

11.5.1 Ozonation at Various pH Values 473

11.5.2 Ozonation with Ultraviolet Radiation 474

11.5.3 Ozonation — Peroxidation 479

11.5.4 UV — Peroxidation 482
References 484
Problem Set 485
Chapter 12 CORROSION 487
12.1 Electrochemistry 488
12.2 Mechanisms of Corrosion 494

12.2.1 The Impressed-Current Cell 494

12.2.2 The Galvanic Cell 496

12.2.3 Differential Aeration Cells 497

12.2.4 Microbial Corrosion 498

12.2.5 Miscellaneous Mechanisms 502
12.3 Kinetics of Electrode and Transport Control 505
12.4 Corrosion Control Technology 521

12.4.1 Protective Coating 522

12.4.2 Deoxygenation 523

12.4.3 Inhibitors 525



xvi Contents

12.4.4 Cathodic Protection 530
References 531
Problem Set 533
APPENDIX
A Thermodynamic Properties 535
B TUPAC Periodic Table of the Elements 536
C Some Useful Constants for Lithosphere, Hydrosphere, Atmosphere

and Biosphere 537
D Miller Indices and The Use of Square Brackets [ ], The Parenthesis ()

and The Braces { }, in Crystals 538
E Similarity and Common Dimensionless Parameters 544

INDEX 547





