Index

Abbreviations, 709
Active and passive behaviors of Al and its alloys, 102
active and passive behaviors, 105
E—pH diagram of Al, 102
pitting corrosion of Al alloy 5086, 108
Active and passive behaviors of Mg and its
alloys, 110
E—pH diagram of Mg, 110
passive Mg layers, 113
passive properties and stability, 114
temperature influence, 116
Active behavior and polarization, 84
overpotentials, 84
Activity and concentration, 16—19
Aluminum as sacrificial coating, 483
aluminum powder coating, 485
Aluminum matrix composites for nuclear dry waste
storage, 247
Anodic treatments of Mg, 521
Anodizing approaches for Mg, 521
industrial and developing processes, 526
kinetics, 523
properties and chemical composition; 520
Anodization of Al, 496-503
cerium nitrate and sol gel, 500
coloring, 498
modified anodizing, 502
morphology, 497
pitting resistance of anodized Al, 502
plasma coating, 501
keronite, 501
sealing, 499
soft and hard anodizing, 496
Aqueous environments, 53
ASTM Standards, 702
Atmospheric media, 49
atmospheric contaminants, 51
types of corrosion, 50
AZ91D and AM Mg alloys, and oil
inhibitors, 443

AZ91D f and Mg « phases, 371
microstructure, 415
AZ Mg alloys (31, 60, 61 and 80) and corrosion
fatigue, 440

Bimetallic corrosion, see Galvanic
Biodegradable Mg stent, 425
Biodegradation testing of Mg, 688
Bulging ““pillowing”’, 20

Cast chamber proceszes of Mg, 411-421
cold chamber precesses, 411
corrosion resistance of thin plates, 418
hot chatuber processes, 418
Cathodi~- srrosion of Al, 365
Cathaiic protection of Al alloys, 485
bonded Alclad coatings, 485
impressed current, 485
sacrificial Zn anodes, 485
Cavitation, 268
Chemical analysis, 575
surface chemical analysis, 577
Chemical cells with and without transport, 31-34
concentration cells, 34—41
difference in electrode activity, 35
difference in solution activity, 35
junction potential and transport number, 3741
Chemical conversion treatments of Mg surface, 516
Chemical interactions, 47
film-free, 47
Chemical and physical vapor deposition, 539
Coatings description of Al, 479-511
conception and alloy selection, 480
joint sealing compounds, 480
plasma ablation, 480
surface preparation, 479
Coating description of Mg, 512-564
approach and surface preparation, 512
Coating galvanic effect of Al, 186
Complexing agent cells, 42
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Concentration cells, see Chemical cells
Conductance and conductivity, 19-23
electrolytic conduction, 19
ion transport number, 21
potential of decomposition, 24
Constants, 703
Constant and degree of electrolyte, 14-16
Construction of Pourbaix diagrams, 79
E—pH diagram, 81
Pourbaix predictions, 82—-83
Conventions, 704
Conventional and electrochemical performance,
see Corrosion resistance
Conversion coating, 486
chromate alternatives, 491
chromate—phosphate treatments, 490
phosphates and chromates, 487
Corrosion behaviors, E-pH active
and passive, 79-102
Corrosion creep, 393-397, 461
Corrosion creep of high-strength AE42
and MEZ, 397
Corrosion data of materials performance, 701
Corrosion evaluation, see Testing
Corrosion fatigue, 271-278, 310, 435-450, 508, 647,
689. See also Mechanically assisted corrosion
Corrosion fatigue of Al alloys, 278
AA7017-T651, 279
AA7075-T6, 281
Al-Mg-Si and Al-Mg alloys, 281
modeling CF crack propagation in Al allcys. 285
prevention of CF, 287
Corrosion fatigue of cast Mg alloys, 426
corrosion fatigue of high-strength Mg alloys, 440
crack propagation of wrough: e stiuded alloys, 440
Corrosion fatigue of susceptit!e-Al-Mg-Si alloy,
281-285
Corrosion fatigue testing of Al, 647
Corrosion fatigue testing of Mg, 689
Corrosion fatigue and welding of AZ31, 446
mechanisms of corrosion fatigue, initiation and
propagation, 448
prevention of corrosion fatigue, 449
Corrosion forms, see Forms of corrosion for Al or Mg
Corrosion forms of anodized or converted
surfaces, 533
Corrosion fundamentals, 1-77
Corrosion media, 49-76
Corrosion prevention and protection, 53
Corrosion reactions (chemical and
electrochemical), 44-46
Corrosion resistance data, 577
Corrosion types, see Types of corrosion for
Al or Mg

Cracking overlapping phenomena of Al, 297
Crevice corrosion, 203, 374, 640

Deposition corrosion, 187
Displacement cell, 41
Dissociation constant, 14
coefficient of dissociation, 14
theory of concentrated solutions, 17

EIC, see Environmentally induced cracking; Stress
corrosion cracking (SCC)
EIC testing, see Stress corrosion cracking (SCC) testing
Electrochemical cells, 31-41
Electrochemical cells reactions and potentials, 706
Electrochemical corrosion, 46
Electrochemical testing, 579
corrosion potential measurements, 580
EIS terms and equivalent circuits, 585
impedance plots, 549
electrochemical noicc measurements, 594-613
historical anc¢ definition, 594
electrochemicel'noise generation and data
acquisiien, 596
datz2 analysis, 600
potentiodynamic, potentiostatic, and galvano-
static studies, 612
¢alvanodynamic methods, 583
microsystems and atomic force microscopy, 616
microsystems and wire beam electrode, 616-617
potentiodynamic methods, 580
cyclovoltammetry and pitting, 583
potentiostatic, galvanostatic, electrochemical
impedance spectroscopy, 584
scanning reference electrode technique, 613
Electrochemical forms of corrosion in solutions,
see Forms of corrosion
Electrochemical testing of coated metal, 507
Electrode types, see Types of electrodes
Electrode potentials of cations, 707
Electrodeposited resins, 506
e-coat, 506
Electron beam welds of Al, 241-243
Environment-enhanced creep and SCC of Mg alloys, 461
Environmentally induced corrosion of Mg and its
alloys, 452475
alloy composition and impurities, 453
effect of stress and environment 456
electrochemical dissolution models, 463
environment-enhanced creep and SCC
of Mg alloys, 461
hydrogen embrittlement, 464
influence of corrosion forms or types on
SCC, 459
key parameters, 453



microstructure and crack morphology, 454
propagation mechanisms of corrosion, 463
SCC-HE of Mg alloys, 467
SCC prevention, 473
stress corrosion cracking failures, 452
welded material and SCC, 460
Environmentally influenced corrosion testing
of Al, 650-659
fracture morphology and SCC, 657
SCC testing, 651
stressors, 654
test specimens, 653
Environmentally induced cracking (EIC) of Al and its
alloys, 289-316
cracking initiation and propagation, 300
definition of SCC or EIC, 289
influence of heat treatments on corrosion forms, 304
overlapping of cracking phenomena, 297
SCC of aluminum alloys, 301
SCC mechanisms, 297
SCC parameters of Al alloys, 294
influence of stress, 294
role of environment, 295
SCC resistance of aluminum alloys, 302
significance of the magnitude of strain rates, 299
stress and environment, 291, 292
Erosion corrosion, 264, 272, 433, 646
Evaluation of corrosion forms, see Testing
Exfoliation, 224, 392, 642

Filiform corrosion, 208, 375, 641

Filiform corrosion and bare Mg, 375

Finishing, see Al and Mg coatings

Forms of corrosion in aqueous solutions, see
individual types of corrosior:-Environmentally
induced corrosion; Friviicnmentally induced
cracking; Galvanic coirosion; General
corrosion; Localized corrosion; Mechanically
assisted corrosion; Metallurgically influenced
corrosion; Microbiologically influenced
corrosion

Fouling, 257

Fracture morphology of Al alloys (SCC), 657-659

Fretting corrosion, 271

Fretting fatigue corrosion, 271, 433, 435

Friction stir welded Al alloys, 243-247

Galvanic corrosion, 181-189, 306, 362-369, 388,
625, 677
Galvanic corrosion form testing of Mg, 677
Galvanic corrosion of Al, 181-189
Al-Cu galvanic cell, 189
coating galvanic effect, 186
considerations, 181

Index

Cu-Al galvanic cell, 185
deposition corrosion, 187
galvanic series of Al alloys, 181
mechanisms, 185
Mg—Al galvanic cell, 186
prevention, 188
stray current corrosion, 188
Galvanic corrosion of Mg, 362-369
cathodic polarization of Al, 365
cathodic damage to coatings, 366
composite coat for molten Mg, 366
joining to nonmetallics, 369
joining to other metals, 368
metal matrix composite, 367
prevention of galvanic corrosion, 367
resistance of alloyed magnesium, 364
Galvanic corrosion testing of Al, 625
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chemical composition and microstructure, 627

electrochemical evalzation, 627
Gas inhibitors of Mg (553 or SFe), 344

General corrosion of Al and its alloys, 177-180

considerations; 177
descripticn, ' 77
mechazismas, 179
prevention, 179
corrosion control, 180
design considerations, 179
surface pretreatment, 179
resistance of Al alloys, 180

General corrosion of Mg and its alloys, 348-362

corrosion potential, 348
determination of corrosion rates, 351
electrochemical noise measurements, 358
negative difference effect, 353
passive behavior of Mg alloys, 352
prevention, 361
rates in different media, 349
resistance of passive Mg, 349
General corrosion form testing of Mg, 666
electrochemical methods, 671
immersion testing and corrosion rate, 666
salt spray test, 669
General corrosion testing of Al, 624
General uniform and nonuniform corrosion,
177-178

H-coat and Mg hydrides, 541-546
characterization of the interface, 549

formation of magnesium hydroxide, 546-548

Heat-treated tempers of Al alloys, 171-172
High temperature corrosion, 65-76
behaviors of some alloys, 72
kinetics of formation, 70
Pilling—Bedworth ratio (PBR), 66
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High-temperature corrosion

of Mg, 344-346
High-temperature oxidation of AZ91D, 117
Hormoconis resinae, 256
Hydrogen electrode, 13
Hydrogen embrittlement (HE), 464
Hydrogen overpotentials of Mg, 363

Impedance measurements of Mg, 550
surface film and inductive loop, 552

Impingement, 264, 269

Implants and bone surgery, 426

Inhibitors of Al, 481

Intergranular corrosion, 218, 391, 641

International units, 703

Joining of Mg to materials, 368

Key equations, 704
Kohlrausch law of additivity, 20

Localized corrosion of Al, 190-212
corrosion of cathodes in Al, 202
crevice corrosion, 203

considerations and description, 203
mechanisms, 206
poultice corrosion, 205
filiform corrosion, 208
Al alloys, 209
considerations, 208

kinetics, mechanism, and prevention, 2i{

occurrence, 211
pitting corrosion, 191
kinetics, 191
mechanisms, 194
occurrence and morphcicey, 191
pitting potential, 193
possible stages of pitting, 195
prevention of pitting, 201
water stains on AA3XXX, 206
Localized corrosion of Mg, 369-377
crevice corrosion, 374
filiform corrosion, 375
initiation and kinetics parameters, 375
mechanism of propagation, 376
pitting corrosion, 369
electrochemical noise and pitting, 358
pitting potential determination, 370
pitting of AXJ ally, 372
Localized corrosion testing of Al, 628—-641
crevice corrosion, 640
filiform corrosion testing of Al, 641
pitting corrosion, 628

Localized corrosion testing of Mg, 678
electrochemical noise measurements, 680
open circuit potential and pitting, 678
pitting corrosion studies, 678
scanning reference electrochemical

technology (SRET), 684

Mechanically assisted corrosion of Al and its
alloys, 263-288
corrosion fatigue, 272
definition and morphology, 272
parameters, 273
cyclic stresses, 274
environmental considerations, 273
erosion corrosion of Al, 264
cavitation, 268
impingement with suspended solid
particles, 264
water drop impingcment, 269
fretting corrosion 21
fretting fatigue ‘coriosion, 271
material faciors; 277
mechanisms ¢t corrosion fatigue, 277. See also
_orrosion fatigue
prevention of erosion corrosion, 272
Mechaaically assisted corrosion of Mg and its
alloys, 433-450
corrosion fatigue of magnesium alloys, 435
erosion corrosion, 433
fretting fatigue corrosion, 433
fretting fatigue corrosion, 435. See also Corrosion
fatigue
Mechanically influenced corrosion testing of Al,
646-650
erosion corrosion, 646
Mechanical testing, 575
Metallic coatings of Al, 481486
conventional plating, 482
electroless plating of Al, 482
thermal spraying and surface preparation, 482
Metallic coatings of Mg, 514
Metallic and conversion coatings of Mg, 514
Metallurgically influenced corrosion of Al and its
alloys, 216248
dealloying (dealuminification), 218
exfoliation, 224
fundamentals, 216
intergranular corrosion, 218
metallurgical and mechanical treatments, 217
types of metic, 218
Metallurgically influenced corrosion of Mg and its
alloys, 381-421
casting alloys and alloying elements, 381



Mg-rare earths, Mg-Th, and Mg-Ag,
382
tolerance limits of alloying elements, 382
exfoliation corrosion of Mg, 392
galvanic corrosion and secondary
phases, 388
high-temperature corrosion and creep deformation
of Mg, 393
influence of metallurgical properties, 388
intergranular corrosion of Mg, 391
microstructure and corrosion creep of Mg die-cast
alloys, 393
aging, 396
corrosion creep of Mg, 395
corrosion rate .o, 395
open circuit potential (OCP), 395
Metallurgically influenced corrosion testing
of Al, 641-643
intergranular corrosion, 641
exfoliation, 642
joining and welding, 643
Metallurgically influenced corrosion testing
of Mg, 688
Microbiologically influenced corrosion (MIC)
of Al and its alloys, 249-260
aerobic bacteria, 252
co-action of anaerobic and anaerobic
bacteria, 251
biofilms and passive behavior of Al, 258
corrosion inhibition by microorganisms,
258
corrosion mechanisms, 256
fungi and bacteria (space), 254
geotrichum (tropical atmosphers), 254
cyanobacteria and algae /maolicted
freshwater), 254
Hormoconis resinae (kerosene), 256
rod-shaped bacteria and algae (polluted
seawater), 255
SRB (industrial and seawater), 255
mechanisms of MIC and inhibition, 256
microorganisms, 249
algae (Eukaryotes), 249
bacteria (Prokaryotes), 249
fungi and yeast (Eukaryotes), 249
lichens, 250
natural and artificial media, 250
air media, 250
aqueous media, 250
soils, 250
prevention and control, 259
Microbiologically influenced corrosion (MIC)
inhibition by bacteria, 258

Index 717
Microbiologically influenced corrosion (MIC) of Mg
and its alloys, 421-429
control of biodegradation, 424
alloying, 424
surface treatment (anodizing), 426
rational biocorrosion in human body, 423
stress corrosion cracking and
implants, 424
rational degradation, 422
sacrificial magnesium, 422
Microbiologically influenced corrosion (MIC) testing
of Al, 643-646
MIC and biodegradation, 643
Microbiologically influenced corrosion (MIC) testing
of Mg, 688
Microstructure and welding, 397
different phases and heat treatments, 397
influence of microstructure of Mg alloys, 401
rapid solidification, 39
Mobility of ions, 19
Modeling of corrotion ratigue (CF) propagation of Al,
285-280

Nuclear a:v waste storage, 247-248

Orzarnic finishing of Al, 503-507
coatings pigments, 505
Mg rich primer, 505
more active metal, 505
moisture coatings, 504
oil and epoxy coatings, 503
thermoplastic coatings or liquors, 503
Organic finishing of Mg, 554
polymer development, 555
resin-sealed hard anodizing, 555
Organic solvent media, 55
Overlapping of corrosion cells, 43
Oxidation at high temperatures, see High-temperature
oxidation
Oxidation reactions at high temperatures, 47

Passive behavior, 94
breakdown of passivity, 100
passivation phenomenon, 94
passive film studies, 101
passive layers formation, 97
Performance of Al and its alloys, 157
acid and alkaline solutions, 162-166
atmospheric corrosion resistance, 157
important factors, 158
dry and aqueous organic compounds, 167
gases, 168
high temperature corrosion, 172
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Performance of Al and its alloys (Continued)
mercury, 168
performance of cast series, 169
performance of wrought series, 171
water corrosion, 160
seawater, 161
soil corrosion, 162
Performance of Mg and its alloys, 338
atmospheric corrosion of Mg, 338
factors affecting atmospheric corrosion,
effect of sulfites and sulfates, 340
dry corrosion of Mg, 343-344
acid and alkaline solutions, 343
aqueous organic compounds, 343
dry gases at 25 to ~100 'C, 344
dry organic compounds, 343
high temperature corrosion, 344
water corrosion of Mg, 340
salt solutions, 341
solutions, 341-344
wet gases, 344

Periodic table, 708

Physical testing of corroded materials, 571
nondestructive techniques, 573
visual microscopic techniques, 571

Pitting, 108, 191-195, 201, 358, 369-372, 502, 583,

628, 678
Polarization, see Electrochemical testing

Polarization of metal-oxide interface and open circuie

potential (OCP), 549

Poultice corrosion, 205
Properties of Al and its alloys, 124

Al matrix composites and P/M-MMCs; 142
Al matrix composites formation; 159

Al mmc particles, 147

Al powders, 140

alloying elements, 128, 131

cast alloys, 125

cast alloys series, 129

description of wrought alloys series, 136
designation of cast, alloys, and ingots, 126
designation of wrought alloys, 130
physical and general properties, 124

rapid solidification processing, 142
wrought alloys series, 133

Properties of Mg and its alloys, 322

alloying elements, 324
cast alloy series, 325
magnesium composites, 333
magnesium powder, 333
particles reinforcing magnesium alloy matrix,
334-335
SiC and Mg,Si, 334

nanosized alumina particulates, 335
physical and general properties, 322
properties of cast alloys, 323
wrought alloys, 328

Reference electrodes and metallic and ionic reduction
symbols, 709
Resistance of Mg to HF and chromic acid, 342

Sacrificial Mg, 424-429
Sensitization of Al to intergranular and SCC, 296
SCC, see Stress corrosion cracking
Skin and bulk of cast Mg, 411-421
Solvent corrosion cells, 41-43
cathodic oxidoreduction reaction, 41
Stray current corrosion, 43, 188
Stray current corrosion cells, 43
Stress corrosion cracking and electrode
potential, 295
Stress corrosion crackiug (SCC), 289, 294-302,
459-473, (51-057, 690-696. See also
Cracking; Environmentally induced
crackin2 ‘EIC) or corrosion
“knifz-line attack™ of Al, 307
EE crack propagation of Mg alloys, 467472
HE of Mg alloys and water drop impingement, 467
Striss corrosion cracking (SCC) of welded
Al alloys, 306-313
corrosion fatigue, 310
design and stresses, 313
environmental considerations, 313
metallurgical considerations, 314
surface modification, 315
friction stir welding, white zone, 310
galvanic corrosion and SCC of welded
assemblies, 306
localized corrosion and SCC of LBW AA6013, 308
mechanically influenced corrosion and SCC of
welds, 310
prevention of hydrogen damage, 316
prevention of SCC, 313
SCC knife-line attack, 307
SCC of friction stir welded AA7075 and 6056, 311
SCC of FSW of AA7075-T651, 7050-T451, 312
Stress corrosion cracking (SCC) of welded assemblies,
306-313, 460
Stress corrosion cracking (SCC) testing of Mg alloys,
690-696
SCC specimens, 690
solutions and operational conditions, 691
static loading, 690
stress tests, 693-696
constant extension rate CERT, 693



constant extension rate CERT, 693
linearly increasing strain rate (LIST), 694
Sulfate reducing bacteria SRB, 255
Surface modification of Mg, 539
Surface modification techniques of Mg, 540

Temperature differential cells, 43
Testing, 567-620
Testing approaches, 568
categories of corrosion testing, 568
removal of corrosion products, 570
testing duration and modes, 569-570
Testing of coated Al alloys, 507-509
conventional testing, 508
corrosion fatigue of sprayed Al coating, 508
electrochemical testing of coatings, 507
environmentally assisted cracking of Al sprayed
coatings, 509
fatigue loading, 509
Testing of coated Mg, 556
corrosion performance of painted
material, 558
hardness, adhesion, and abrasion, 556
Testing of corrosion forms of Al and its
alloys, 621-662
Testing of corrosion forms of Mg and its
alloys, 663-698
buffered solutions, 665
chloride, sulfate, hydroxide solutions, 664
corrosive water, 665
Thermodynamic considerations, 3
electric double layer, 8
chemical potential of species, 12
double layer equivalent circuit, 9
Nernst equation, 9
positive and negative potentials, 13-14
standard potentials, 12
electrolytic conductance, 4
Faraday laws, 5
interface, 7
tendency to corrosion, 6
Types of corrosion of Al or Mg. See also Forms of
corrosion
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Types of electrodes, 24
alloyed electrodes, 25
copper ion-selective electrodes, 30
electrodes of oxidation-reduction, 28
gas electrodes, 24
glass electrodes, 29
metal—insoluble oxide electrodes, 27
metal—insoluble salt electrodes, 26
metal-metal ion electrodes, 25
selective ion electrodes, 29

Underground media, 56

Use of cast Al alloys, 152

Use of Mg and its alloys, 335
applications of cast alloys, 335
applications of wrought alloys, 337
automotive and aerospace applications, 336
other uses, 337
refractory material arplication, 336

Use of wrought Al alicys, 154
aerospace applications, 154
automotive <ncet and structural alloys, 154
building ¢na construction, 156
electricol conductor alloys, 156
paclaging, 156
(hipping, 156

VWater and oil stains, 204—208
Water media properties, 57-62
composition, 58
oxidizing power, 61
scale formation, 62
water indexes, 62
Welding and joining of Al, 231-247
brazed, soldered, and bonded, 231
welding fundamentals, 233
welding influence on behavior, 236
corrosion resistance of wrought and cast
Al alloys, 241
corrosion types of welded Al alloys, 239
Welding and joining of Mg, 408-410
welding and joining influence, 408
Welds, see Mechanically influenced corrosion






