


Contents

Glossaryof Terms. . . ....... ... .. ... ...

Fundamentals of Corrosion

Section Chairman: Miroslav 1. Marek, Georgia Institute of Technology

Introduction . . ....... ... . ... . .
Thermodynamics of Aqueous Corrosion. .....................
Introduction. . . .......... ...

Potential Versus pH (Pourbaix) Diagrams . ..................
Kinetics of Aqueous Corrosion. .. ...........covvivnninn.nn.
Effects of Environmental Variables on Aqueous Corrosion. . ... ...

Appendix: Biological Effects . . ...........................
Effects of Metallurgical Variables on Aqueous Corrosion.........
Fundamentals of High-Temperature Corrosion in Molten Salts.. . . . .
Fundamentals of High-Temperature Corrosion in Liquid Metals. . . .
Fundamentals of Corrosionin Gases. . .......................

Formsof Corrosion. . ... ................ ... ... .. ...........
Section Chairmen: Bruce Craig, Metallurgical Consultants, Inc.;
Steven L. Pohlman, Kennecott Corporation

Atmospheric Corrosion
Galvanic Corrosion
Stray-Current Corrosion
General Biological Corrosion. . . ..........................
Molten Salt Corrosion . .. ........cviiiit i,
Corrosion in Liquid Metals
High-Temperature Corrosion. . . ... evnnnn..
Localized Corrosion
Filiform Corrosion. . . ....... ...t
Crevice Corrosion
Pitting Corrosion
Localized Biological Corrosion
Metallurgically Influenced Corrosion. .. .....................
Intergranular Corrosion
Grooving Corrosion in Carbon Steel
Dealloying Corrosion. . . .......vvtvnnni i
Mechanically Assisted Degradation. . .......................
Erosion
Fretting Corrosion. . . ... vvii it anenn.
Cavitation Erosion and Water Drop Impingement
Corrosion Fatigue
Environmentally Induced Cracking.........................
Stress-Corrosion Cracking. . ............. ... ... ... ...,
Hydrogen Damage. . ...ttt
Liquid Metal Embrittlement
Solid Metal Induced Embrittlement . .. ....................

Corrosion Testing and Evaluation
Section Chairman: Donald O. Sprowls, Consultant

Planning and Preparation of Corrosion Tests
In-Service Monitoring. . .. ....ver et i,
Simulated Service Testing. . ......... ... . ... ..
Corrosion Testing in the Atmosphere
Corrosion Testing in Water
Corrosion Testingin Soil. . ........... ... ... ... ...

Laboratory Testing . . . ... .ov v v ene
Electrochemical Methods of Corrosion Testing
Immersion Tests .. ... ...t
Salt Spray Testing . . . ..........0 ...
Miscellaneous Tests. . ... ...ttt

Evaluation of Pitting Corrosion. . ..........................
Evaluation of Galvanic Corrosion. . ..............coovuu....
Evaluation of Intergranular Corrosion. . .....................
Evaluation of Exfoliation Corrosion . .......................
Evaluation of Stress-Corrosion Cracking. . ...................
Evaluation of Hydrogen Embrittlement. . ....................
Evaluation of Corrosion Fatigue
Evaluation of Crevice COrrosion. . .........c..oovvuevnnenn...
Evaluation of Erosion and Cavitation . . .....................
Evaluation of Microbiological Corrosion. . . ..................
Interpretation and Use of Corrosion Test Results

Designing to Minimize Corrosion. . ...........................
Section Chairman: James Q. Lackey, E. I. Du Pont de Nemours &
Company, Inc.

Materials Selection ... ...... ... ... ... .. .. . .
Design Details to Minimize Corrosion. . .....................
Corrosion of Weldments
Corrosion Economic Calculations

Corrosion Protection Methods
Section Chairman: Herbert E. Townsend, Bethlehem Steel Corporation
Co-Chairmen: Thomas W. Cape, Chemfil Corporation;

Kenneth B. Tator, KTA-Tator, Inc.

Fundamentals of Corrosion Protection in Aqueous Solutions
Cleaning for Surface Conversion. . . .................couu...
Phosphate Conversion Coatings
Chromate Conversion Coatings. . . ..........vvuiunnnnnnn.
Aluminum Anodizing
Organic Coatings and Linings
Electroplated Coatings
Hot Dip Coatings

Continuous Hot Dip Coatings

Hot Dip Galvanizing by the Batch Process
Porcelain Enamels
Chemical-Setting Ceramic Linings
CVD/PVD Coatings
Thermal Spray Coatings
Anodic Protection. . . ........... ... e
Cathodic Protection
Corrosion Inhibitors for Oil and Gas Production. . .............
Corrosion Inhibitors for Crude Oil Refineries
Control of Environmental Variables in Water

Recirculating Systems
Surface Modification. . ........... ... ... . . e

Specific Alloy Systems
Section Chairman: Lawrence J. Korb, Rockwell International
Co-Chairmen: Ralph M. Davison, Avesta Stainless, Inc.;
Aziz 1. Asphahani, Haynes International, Inc.;

R. T. Webster, Teledyne Wah Chang Albany

Corrosionof Carbon Steels. .. ......... ... ... ...
Carbon Steels
Weathering Steels

375



Protection of Steel From Corrosion. . .....................
Metallic Coated Steels. . .. ......... ... ...,
Organic Coated Steels . . ........... ... ..
Corrosion of Alloy Steels . ......... ... ...
Corrosion of Stainless Steels. . ............. ... ... .. ..
Corrosion of Cast Irons
Corrosionof Cast Steels . . ...,
Corrosion of Aluminum and Aluminum Alloys
Corrosion of Copper and Copper Alloys. . ...................
Corrosion of Nickel-Base Alloys. . ........... . ... ......
Characteristics of Nickel and Nickel-Base Alloys ............
Behavior of Nickel-Base Alloys in Corrosive Environments . . . .
Environmental Embrittlement of Nickel-Base Alloys..........
Fabrication and Weldability of Nickel Alloys ...............
Major Applications and Corrosion Performance
of Nickel AlloyS. ... ..ottt it e i e e
Corrosion of Cobalt-Base Alloys. . .............. ... ... ...
Introduction. . ...... ...
Behavior of Cobalt-Base Alloys in Corrosive Environments . . . .
Environmental Embrittlement of Cobalt-Base Alloys. . ........
Fabrication and Weldability of Cobalt-Base Alloys
Applications
Corrosion of Titanium and Titanium Alloys
Appendix 1: General Corrosion Data for
Unalloyed Titanium . . .. ... ... ittt
Appendix 2: General Corrosion Data for Titanium Alloys
Corrosion of Zirconium and Hafnium
Corrosion of Niobium and Niobium Alloys...................
Corrosion of Tantalum
Corrosion of Magnesium and Magnesium Alloys. .. ............
Corrosion Of ZINC . . oo i ittt et e e
Corrosion of Tin and Tin Alloys
Corrosion of Lead and Lead Alloys
Corrosion of the Noble Metals
Corrosion of Beryllium
Corrosion of Uranium and Uranium Alloys. . .................
Corrosion of Powder Metallurgy Materials
Corrosion of Cemented Carbides
Corrosion of Metal Matrix Composites
Corrosion of Amorphous Metals
Corrosion of Electroplated Hard Chromium
Corrosion of Brazed Joints
Corrosion of Clad Metals

Specific Industries and Environments. . .. ........ ... ... ... ...
Section Co-Chairmen:

Robert S. Charlton, B. H. Levelton & Associates, Ltd.;

James A. Hanck, Pacific Gas and Electric Company;

Fred H. Meyer, Jr., Air Force Wright Aeronautical Laboratories;
Lawrence J. Korb, Rockwell International

Marine Corrosion
Seawater
Marine Atmospheres
Metallic Coatings. . .. ..ot v i it e
Organic Coatings
Cathodic Protection. . .. ..o v v it ittt

Corrosion in the Nuclear Power Industry
Corrosion in Boiling Water Reactors
Steam Generator Failure or Degradation
Corrosion of Zircaloy-Clad LWR Fuel Rods
Influence of Corrosion on Radiation Fields
SCC in Steam Turbine Materials
Effect of Nuclear Lubricants on Corrosion
Erosion-Corrosion in Wet Steam Flow
Corrosion of Containment Materials for

Radioactive-Waste Isolation. . .. ...

Corrosion in Fossil Fuel Power Plants

Corrosion of Fossil Fuel Power Systems

XVi

Corrosionof Condensers. .. ........v. v nnnnns 986
Corrosion of Deaerators and Feedwater Heaters............. 989
Corrosion of Steam/Water-side Boilers .................... 990
Corrosion of Steam Turbines. .. ............... .. oivun. 993
Hot Corrosion in Coal- and Oil-Fired Boilers ............... 995
Hot Corrosion in Boilers Burning Municipal Solid Waste . ... .. 997
Corrosion of Superheaters and High-Temperature Air Heaters .. 998
Corrosion of Combustion Turbines .. ..................... 999
Components Susceptible to Dew-Point Corrosion . .......... 1001
Corrosion of Flue Gas Desulfurization Systems. .. .......... 1004
Corrosion of Generators . ........c.cciiiiiiniienennennan 1006
Corrosion of Ash-Handling Systems ..................... 1007
Corrosion in the Automotive Industry...................... 1011
Corrosion in the Aircraft Industry. . ............... ... .... 1019
Corrosion of Airframes .. ........cciiutenriiiiieeenns 1019
Corrosion of Powerplants . ................. ... .c00oon.. 1037
Case Histories and Failures. .. ............... ... ... ... 1045
Corrosion in the Aerospace Industry ...................... 1058
Corrosion of Manned Spacecraft ... ..................... 1058
Corrosion of Space Boosters and Space Satellites. .. ........ 1101
Corrosion in the Electronics Industry . . .................... 1107
Case Histories and Failures of Electronics and
Communications Equipment . .. ................ ... ..... 1113
Corrosion in Telephone Cable Plants . ..................... 1127
Corrosion in the Chemical Processing Industry. . ............. 1134
Effects of Process and Environmental Variables .. .......... 1134
Chemical Cleaning of Process Equipment . ... ............. 1137
Corrosion Under Thermal Insulation. . ................... 1144
Corrosion by Sulfuric Acid .. ........... .. ... ... . 1148
Corrosion by Nitric Acid. . ....... ... 1154
Corrosion by Organic Acids . ........ ... ... i 1157
Corrosion by Hydrogen Chloride and Hydrochloric Acid . .. .. 1160
Corrosion by Hydrogen Fluoride and Hydrofluoric Acid. ... .. 1166
Corrosionby Chlorine. . ...........ovini ... 1170
Corrosion by Alkalies and Hypochlorite . ................. 1174
Corrosion by Ammonia . .. ..o 1180
Corrosion in the Pulp and Paper Industry . . ................. 1186
Paper Machine Corrosion ..............c.ouuiinnnennnn. 1186
Corrosion Control in Pulp Bleach Plants . . ................ 1190
Corrosion by Sulfite Pulping Liquors. .................... 1196
Corrosion in the Recovery Boiler ....................... 1198
Suction Roll Corrosion . ... ... 1202
Corrosion by Kraft Pulping Liquors ..................... 1208
Corrosion by Mechanical Pulping Equipment . ............. 1214
Corrosion in the Brewery Industry . ....................... 1221
Corrosion in the Pharmaceutical Industry . . ................. 1226
Corrosion in Petroleum Production Operations . ... ........... 1232
Causes Of COITOSION . . vttt viee e eee e ennnnnnens 1232
Corrosion Control Methods . . . ............ ... ... ... ... 1235
Problems Encountered and Protective Measures . . .......... 1245
Industry Standards . ........ ... ... i 1259
Corrosion in Petroleum Refining and
Petrochemical Operations . ......... ...t 1262
Corrosion of Pipelines. . . ......ooi s 1288
Corrosion in the Mineral Industry. . ............... .. ... 1293
Corrosion in StrUCUreS. . .o v v vttt et i i ee i ee e 1299
Corrosion of Metal Processing Equipment . ................. 1311
Corrosion of Heat-Treating Furnace Accessories. .. ......... 1311
Corrosion of Plating, Anodizing, and Pickling Equipment . . . .. 1314
Corrosion in Batteries and Fuel-Cell Power Sources........... 1317
Corrosion of Metallic Implants and Prosthetic Devices. ........ 1324
Tarnish and Corrosion of Dental Alloys .................... 1336
Corrosion of Emission-Control Equipment . ................. 1367
Metric Conversion Guide. . . ........... ... i, 1371
Abbreviations and Symbols . . . ... ... oo 1375
T L=, < N 1379






	page1
	page2
	page3
	page4

