Contents

Preface xv

CHAPTER 1 Introduction 1
1.1 Purpose 1
1.2 The Cost of Corrosion 1
1.3 Methodology 2
1.4 Resources 3

SECTION 1 FUNDAMENTAL CONSIDERATIONS / 9

CHAPTER 2 BASIC CONSIDERATIONS 11
2.1 Cost 11
2.2 Safety and Reliability 12
2.3 Energy Considerations 14
2.4 Materials Conservation 14
2.5 Environmental Factors 15

CHAPTER 3 FACTORS IN MATERIALS SELECTION 17
3.1 Cost 17
3.2 Physical Properties 18
3.3 Mechanical Properties 19
3.4 Codes and Regulations 23
3.5 Fabrication Characteristics 24
3.6 Corrosion Characteristics 33

3.7 Amenability to Corrosion Control 33



viii CONTENTS

CHAPTER 4 MATERIALS SELECTION PROCEDURES 35
4.1 Materials Considerations 36
4.2 Materials-Environment Interactions 36
4.3 Specific Equipment 37
4.4 Procedures and Communications 37
4.5 Conclusion 39

SECTION 2 CORROSION CONSIDERATIONS / 41

CHAPTER 5 CORROSION MECHANISMS 43
5.1 Definition 43
5.2 Electrochemistry of Metallic Corrosion 44

CHAPTER 6 CORROSION AND METALLURGICAL

PHENOMENA 55
6.1 Corrosion Phenomena 55

6.2 Metallurgical Phenomena 59
CHAPTER 7 SENSITIZATION AND WELD DECAY 61
CHAPTER 8 ENVIRONMENTAL CRACKING 65
8.1 Metallic Materials 65

8.2 Plastics 71
CHAPTER 9 CORROSION TESTING 73
9.1 Materials Factors 73

9.2 Materials Characteristics 75

9.3 Laboratory Tests 75

9.4 Field Tests 77

9.5 Corrosion Coupons 80

9.6 Coupon Evaluation 80

SECTION 3 MATERIALS / 81

CHAPTER 10 LIGHT METALS 83
10.1 Structure of Metals 83



CONTENTS

10.2 Magnesium
10.3 Aluminum and Its Alloys

CHAPTER 11 IRON AND STEEL

11.1 Cast lrons
11.2 Steels
11.3 Numbering

CHAPTER 12 STAINLESS STEELS

12.1 The Nature of Stainless Steels
12.2 Types of Stainless Steels
12.3 Alloy Designations

CHAPTER 13 LEAD, TIN, AND ZINC

13.1 Lead and Its Alloys
13.2 Tin
13.3 Zinc

CHAPTER 14 COPPER AND ITSALLOYS

141 Coppers
14.2  Brasses
14.3 Bronzes

CHAPTER 15 NICKEL AND ITSALLOYS

15.1 Nickel Alloys
15.2 Chromium-Bearing Alloys

CHAPTER 16 REACTIVE METALS AND NOBLE METALS

16.1 Reactive Metals
16.2 Noble Metals

CHAPTER 17 NONMETALLIC MATERIALS

17.1 Plastics
17.2 Rubber and Elastomers
17.3 Other Nonmetallic Materials

83
85

89

89
92
97

99

99
100
104

105

105
107
107

109

109
110
111

113

113
115

119

119
123

125
125
131
133



CONTENTS

SECTION 4 CORROSIVE ENVIRONMENTS / 139

CHAPTER 18 CORROSION BY WATER AND STEAM 141
18.1 Water Chemistry 141
18.2 Scaling Indexes 142
18.3 Corrosion of Steel by Water 144
18.4 Types of Waters 146
18.5 Boilers, Steam, and Condensate 149
18.6 Cooling-Water Systems 151
18.7 Behavior of Materials 156
18.8 Special Information Sources 159
CHAPTER 19 CORROSION BY SOIL 161
19.1 Types of Corrosion 161
19.2 Factors in Soil Corrosion 162
19.3 Behavior of Specific Materials 164
19.4 Corrosion Control 166
CHAPTER 20 ATMOSPHERIC CORROSION 169
20.1 Types of Corrosion 169
20.2 Controlling Factors 170
20.3 Types of Atmospheres 171
20.4 Corrosion Control 172
20.5 Specific Materials 173
20.6  Special Problems 175
CHAPTER 21 OXIDIZING ACIDS 177
21.1 Nitric Acid 178
21.2 Chromic Acid 181
21.3 Concentrated Sulfuric Acid 181
CHAPTER 22 REDUCING ACIDS 185
22.1 Inorganic Acids 185
22.2 Organic Acids 195
CHAPTER 23 CARBON DIOXIDE 199

23.1  Specific Materials 200



CONTENTS

CHAPTER 24 HYDROGEN SULFIDE

24.1 Corrosivity
24.2 Specific Materials
24.3 Pyrophoric Products

CHAPTER 25 CORROSION BY CHLORINE

25.1 Specific Materials
25.2 Storage and Handling

CHAPTER 26 CORROSION IN ALKALINE ENVIRONMENTS

26.1 Sodium Hydroxide
26.2 Potassium Hydroxide
26.3 Calcium Hydroxide
26.4 Alkaline Salts

CHAPTER 27 AMMONIA AND ITS COMPOUNDS

27.1  Ammonia and Ammonium Hydroxide
27.2  Amines

CHAPTER 28 CORROSION BY SALTS

28.1 Neutral Salts
28.2 Acid Salts
28.3 Alkaline Salts
28.4 Oxidizing Salts

CHAPTER 29 HYDROGEN PHENOMENA

29.1 Slow-Strain-Rate Embrittlement
29.2 Hydrogen Blistering

29.3 Hydrogen-Assisted Cracking
29.4 High-Temperature Effects

29.5 Practical Guidelines

CHAPTER 30 HIGH-TEMPERATURE PHENOMENA

30.1 Metal Behavior

30.2 Internal Stability

30.3 Surface Stability

30.4 High-Temperature Corrosion

Xi

203

203
205
207

209

209
212

213

213
218
218
219

221

221
223

225

225
226
226
227

229

229
230
230
230
232

233
234
235
236
236



Xii CONTENTS
30.5 Effects of Alloying Elements 238
30.6 Heat-Resistant Alloys 239
CHAPTER 31 EFFECTS OF MERCURY 241
31.1 Amalgamation 242
31.2 Environmental Cracking 242
31.3 Accelerated Corrosion 242
SECTION 5 ELEMENTS OF CORROSION CONTROL / 243
CHAPTER 32 CORROSION CONTROL 245
32.1 Change of Material 245
32.2 Change of Environment 246
32.3 Anticorrosion Barriers 248
32.4 Electrochemical Techniques 248
32.5 Design Considerations 248
32.6 Special Features in Heat Exchanger Design 250
CHAPTER 33 AN INTRODUCTION TO ECONOMIC
COMPARISONS 255
33.1 Return on Investment 255
33.2 Compound Interest 256
33.3 Annual Cost or Savings 256
33.4 Present Worth and Annual Cost 256
33.5 Discounting 257
33.6 Depreciation 258
33.7 Discounted Cash Flow and Present Worth After Taxes 258
33.8 PWAT and Annual Costs 260
33.9 Use of Annual Costs 261
CHAPTER 34 CORROSION INHIBITORS 263
34.1 Definition 263
34.2 Electrochemistry 263
34.3 Aqueous Systems 264
34.4 Refrigeration Brines 265
34.5 Acids 265



CONTENTS Xiii

34.6 Acid-Gas Scrubbing Systems 266
34.7 Nonaqueous Environments 266
34.8 Other Considerations 267
CHAPTER 35 PAINTS AND COATINGS 269
35.1 Temporary Rust Preventives 269
35.2 Paints and Coatings 270
CHAPTER 36 ANTICORROSION BARRIERS 277
36.1 Metallic Barriers 277
36.2 Nonmetallic Barriers 280
CHAPTER 37 CATHODIC PROTECTION 281
37.1 Definition 281
37.2 Principles 281
37.3 Design and Application 286
37.4 Specialty Applications 288
CHAPTER 38 INSPECTION AND FAILURE ANALYSIS 289
38.1 Inspection 289
38.2 Failure Analysis 292
38.3 Preventive and Predictive Maintenance 294
38.4 Documents and Information Retrieval 295
Epilogue 299

Index 301



