Contents

CHAPTER

CHAPTER 2

CHAPTER 3

THERMODYNAMICS

1.1 Introduction [

1.2 Energy Conservation, State Functions,
and the First Law 3

1.3 The Second Law ¢

1.4 Entropy, Temperature, and the Third
Law ¢ _

1.5 Free Energies: The Thermodynamic
Potentials 11
Definitions 13
Bibliography 14
Problems 14

EQUILIBRIUM IN MULTICOMPONENT
SYSTEMS

2.1 Introduction 17
2.2 Single-Component Systems:
Allotropy 19
2.3 Composition as a Variable 23
24 Rules of Solid Solubility 3/
2.5 The Lever Rule 33
2.6 The Phase Rule: Free Energy
Reconsidered 36
Definitions 39
Bibliography 39
Problems 40

THERMODYNAMICS OF SURFACES

3.1 Introduction 46
3.2 Characteristics of Surfaces 47

17

46



CHAPTER 4

CHAPTER 5

3.3 Units of Surface Tension and Surface
Energy 48

3.4 Magnitude of Surface Energy: Metallic
and Covalent Materials 49

3.5 Magnitude of Surface Energy: Tonic
Materials 52 '

3.6 Measurement of Surface Energy 54

3.7 Adsorption 56

3.8 Further Remarks on Solid Surfaces 57
Definitions 59 '
Bibliography 59 .
Problems 59

RATES OF REACTIONS 62

4.1 Introduction 62
4.2 The Arrhenius Equation 63
4.3 Activation Energy 64
44 Thermodynamics of Kinetics 67
4.5 Modification of Reaction Rates 69
Definitions 71
Bibliography 71
Problems 7!

DIFFUSION 75

5.1 Introduction 75

5.2 Thermodynamics of Diffusion 76

5.3 Mathematical Analysis of Diffusion 77

5.4 Experimental Measurement of
Diffusion 8/

5.5 Types of Diffusion &2

5.6 Atomic Mechanisms of Volume
Diffusion 84

5.7 Diffusion and Defects: The Hartley-
Kirkendall Effect 86

5.8 Vacancy Equilibrium in Crystals &8

5.9 Diffusion and Defects: Oxides and
Ionic Crystals 89

5.10 Diffusion in Amorphous and Vitreous
Solids 91



Diffusion Couples and the Phase
Diagram 9!

Definitions 93

Bibliography 95

Problems 95

CHAPTER 6 PHASE CHANGES

CHAPTER 7

CHAPTER 8

6.1
6.2
6.3
6.4

Introduction and Kinetics 98
Homogeneous Nucleation 99
Heterogeneous Nucleation /04
Growth of the New Phase and Phase
Change Kinetics 106

Definitions 108

Bibliography 109

Problems 109

STRUCTURAL CHANGE

7.1
7.2
13
14
1.5

Introduction 112

Solidification 113
Recrystallization 117
Precipitation Hardening 12/
The Heat Treatment of Steel 123
Definitions 128

Bibliography 129

Problems 129

SINTERING

8.1
8.2
8.3
84
8.5
8.6.

8.7

Introduction 132

Properties of Fine Powders 133
Preparation for Sintering 135

Results of the Sintering

Operation 137

Mechanisms. of Sintering—Single-Phase
Materials 137

Mechanisms of Sintering—Multiphase
Materials 141

Experimental Observations 143
Nafinitinne 142

98

132



Bibliography 144
Problems 144

CHAPTER 9 OXIDATION

9.1
9.2
9.3
94
95
9.6
9.7

Introduction 146

The Driving Force for Oxidation 47
Surface Films 148

Mechanisms of Film Growth I«

Rate of Film Growth 151

Protective Oxides 152

Special Effects of Oxidation 5.
Definitions 156

Bibliography 156

Problems 156

CHAPTER 10 AQUEOUS CORROSION

10.1 Introduction 159

10.2 Electrochemistry 160

10.3 The Electromotive Series 162

10.4 Concentration and Cell Potential 163
10.5 The Cathode Reaction, Polarization,

and Surface Films 164

10.6 The Galvanic Series 166
10.7 Aqueous Corrosion 166
10.8 The Corrosion Rate, Polarization, and

Passivity 170

10.9 Corrosion Control 175

APPENDIX A

APPENDIX B

APPENDIX C

NDEX

Definitions 176
Bibliography 176
Problems 177

146

159

206

213



