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F o reword 

If there is a metal of the future, it is al~minium. 
Aluminium 's success has been cons1stent for over 100 years. Most recently, at the start of the 21st 

century, annual consumption of aluminium reache~ ~9 million me~ric tons; by 2017, that figur~ ~ad 
risen to 80 million metric tons. And some are pred1ctmg eonsumptlon could reach about 120 milbon 

metric tons in 2030. 
This is bardly a surprise. Aluminium's intrinsic properties make i t a unique and extremely virtuous 

material that responds to numerous challenges in our society linked to climate change and responsible 
management and protection of the Earth 's resources. Aluminium's ability to be endlessly recyclable 
without Iosing its initial properties i s an excellent example of this. 

Furthermore, thanks to i ts lightweight capabili ty, aluminium allows transportation vehicles on land, 
in the air and at sea to significantly decrease fuel consumption and tbus drastically reduce emissions of 
greenhouse gases. It also combines ductility and a high level of resistance to botb impacts and 
corrosion. 

Beyond its specific properties, tbe inexorable fascination witb aluminium is first and focemost the 
result of decades of research and innovation. Generations of researchers have worked on the develop
ment of increasingly advanced alloys and ever-more innovative manufacturing processes. 

This i s particularly the case with tbe technique of friction stir welding, w hi ch makes i t possible to 
assemble different materials witbout the need for rivets or additive manufacturing processes, also 
known as 3D printing. 

At Constellium-a successor of the Pechiney, Alcan and Alusuisse groups and a global leader in 
innovative, high value-added aluminium solutions-we make sure engineers and lechnicians in our 
R&D centre have access to the most sophisticated resources and methods available. Thanks to 
many close collaborative projects witb our customers and numerous laboratories and universities 
worldwide, Constellium has designed unique and revolutionary solutions s uch as Airware for the aero
space sector, Securalex and HSA6 for tbe automotive industry and Aeral for aerosol packaging. 

Altbough they are used in different applications and come from a wide range of farnilies o f alloys, 
tbese new products highlight our industry's quest for excellence and our ability to imagine the world of 
the future through continuous optirnization of tbe properties of aluminium. 

One of the fundamental areas of research is corrosion, the subject of tbis book. Altbough it is 
naturaiły resistant, aluminium needs to offer ever-higher performance. This new edition of Christian 
Varg~l's book, Corrosion of Aluminium, reflects tbe knowledge he has accumulated over his 40 years at 
Pec~1~ey as an engineer in our research centre. As a speaker and autbor o f several books on tbe metal, 
Christ~an Vargel is a recognized expert in tbe field of aluminium corrosion, or as he would put it, a 
corros10n practitioner. 

T?"?ks to its scientific approach to tbe topie, this book is botban exploration oftbe phenomenon of 
alumtru.um corrosion and a practical guide to the use of aluminium alloys based on tbeir corrosion 
properties. Airned at both academics and professionals, it is unrivalled in its field and I would like 
to offer the autbor my warmest tbanks for entrusting its foreword to me. 

Jean-Marc Gerrnain 
Chief Executive Officer, Constellium 
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Foreword to the original edition 

With an annual consumption of 25 mili i on metric tons, aluminium i s the second most commonly used 
metal in the world after steel. Its lightness is very often the most important advantage for the commer
ciał development o( aluminium, which explains why it is extensively used for ground transport, 
aerospace and shipbuilding. This is also the reason why the automotive industry is currently very inter
esred in aluminium: lightness is becoming a priority. 

The second advantage of aluminium is its corrosion resistance. This explains its important position 
in construction, civil engineering, transport, heat exchangers and so on. 

In 1890, naval architects had considered aluminium for reducing weight in vessels. But in order for 
aluminium to be useable for shipbuilding, metallurgists and corrosion specialists in the 1930s first had 
to develop aluminiurn magnesium alloys. These alloys have an excellent corrosion resistance in the 
marine environment, and they are weldable. Since 1960, all high-speed ferries have been built in these 
alloys. 

A similar trend was observed with heat exchangers: aluminiurn was recognized as an obvious solu
tion, especially for automotive heat exchangers since 1970. In fact, several alloys have very good therrnal 
conductivity and excellent resistance to engine coolants, making it possible to manufacture heat 
exchangers that are cheaper and of course lighter than traditional heat exchangers in copper alloys. 

Projects for developing renewabie energy sources (solar, etc.) have often been based on the use of 
aluminium heat exchangers for several reasons: a much lower cost than titanium, good therrnal 
conductivity and excellent corrosion resistance. 

Christian Vargel, throughout his Iong career within Pechiney, has been a practitioner of aluminium 
corrosion and a recognized expert in this field. His first book, Le Comportement de !'Aluminium et de 
Ses Alliages (The Behavior oj Aluminium and !ts Alloys), was published by Dunod in 1979. 

Since then, his experience has grown steadily. He has followed marine applications and automotive 
heat exchangers and has participated in many damage assessments involving corrosion in service. He 
has also given many talks on the corrosion resistance of aluminium, and has contributed to many of 
Pechiney Rhenalu's technical documents and brochures, such as 'Aluminium and the Sea' and 
'Aluminium in Industrial Vehicles' . We therefore encouraged him in his project to write a second 
book: his recognized experience in the field of aluminium corrosion deserved to be rnore widely known 
and disseminated. This book will certainly eontribule to meeting this goal. 

Corrosion is a difficult topie. I am deeply convinced that the practitioner's approach, based on 
expertise and experience, is best for assessing the corrosion resistance of aluminium, an assessment 
that is obviously one of the main conditions for the development of many uses of aluminium in 
transport and construction power transmission. 

Christian Vargel's book presents the reader with a global approach to corrosion, comprising the 
selection of alloys, design principles and service conditions. I arn convinced that it will eontribure 
to the development of aluminium in those fields where resistance to corrosion is an essenrial property. 

Bernard Legrand 
Former Deputy Chief Executive Officer 

Pechiney, Septernber 1998 
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Preface 
My Jong career in the Pechiney Group from 1957 to 1997 and subsequently asan independent eonsui
tant principally focused on aluminium corrosion has enabled me to acquire extensive experience in this 

field. 
My experience i s based on the treatment of the ·many cases of in-service corrosion that I have had to 

deał with over the past 50 years, and on the electrochemical and metallurgical fundamentais of 
aluminium corrosion. 

This dual approach has made me a corrosion practitioner, in the sense that I had to find an expla
nation for cases of corrosion in service or that I had to plan how to avoid i t through the choice o f alloys, 
operating conditions and so on. 

Indeed, corrosion remains a complex subject because i t depends on many parameters, w hi ch makes 
i t necessary to have a practical approach to be useful and explainable on the basis of fundamental data. 

This engineering activity has allowed me to acquire wide experience in aluminium applications, 
particularly where the question of corrosion resistance of buildings, beat exchangers, renewabie 
energy systems (solar, OTEC, etc.), transport, shipbuilding and so on is concerned. 

I have frequently shared my experience of aluminium corrosion at numerous conferences and in 
several brochures published by Pechiney: "Aluminium and the Sea," "Aluminium in the Automotive 
Industry," "Aluminium in Industrial Vehicles," and "Aluminium Semi-finished Products." 

Following a request o f the publisher, Elsevier, I resumed the reediting o f the first version o f Convsion 
oj Aluminium published in 2004, which was the translation of Corrosion de !'Aluminium published in 
French by Dunod in 1999. 

In this new edition, I have reviewed and incorporated the knowledge acquired recently by many 
laboratories that have published on the subject of aluminium corrosion and its metallurgical aspects. 
In 20 years, new investigative methods have also made it possible to explain many of the phenomena 
involved in structural corrosion. 

As a result, this new edition of Corrosion oj Aluminium, while maintaining i ts practical orientation 
to meet the needs of aluminium users, gives a large place to the results of the high-quality scientific 
publications of the many researchers dedicated to the study of aluminium corrosion. 1 

Like the previous version, this new edition aims at a wide readership ranging from aluminium 
users to academia. Both will find useful information on aluminium corrosion based on the state of 
knowledge acquired up to the time of writing this new edition. 

l would like to thank all those who have given me their precious support in the writing ofthis book: 
> Dr Lionel Peguet, corrosion and surface R&D engineer, CTEC Constellium Technology Centre, 

Voreppe, France 
> Jean-Sylvestre Safrany, research engineer, Surface Treatments, CTEC Constellium Technology 

Centre, Voreppe, France 
> Fran~oise Saillard, information specialist, CTEC Constellium Technology Centre, Voreppe, France 
> Damien Feron, CEA Saclay, France, president of the European Corrosion Federation 
> Bruno Savelli, CEA Saclay, France, Direction de la Recherche Fondamentale, Service de 

Valorisation de l'lnformation 

l 
Over 2000 publications on aluminium corrosion published from the beginning ofthe 20th century up to the present day have 

been cited in this book. 
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> Philippe Marcus, director of research at the Centre National de Recherches Scientifique (CNRS), 
Chimie ParisTech 

> Michel Jannier, expert in aluminium surface treatment processes 
> Michel Pinc;on, expert in aluminium surface treatment processes 
> Michel Garat, aluminium foundry consultant, former Pechiney R&D manager 
> Hassina Founas, executive assistant of the French Anti-Corrosion Centre (CEFRACOR), Paris 

I would like to thank Hugh Dunlop for agreeing to translate my text into English. I chose Hugh 
because of his experience and knowledge of aluminium surface phenomena and surface treatments, 
having been an engineer and group leader in the Constellium CTEC Voreppe Research Centre 
(formerly Pechiney & Alcan) for 27 years and himself the autbor of many publications. 

I would also like to express my thanks to Geoff Scamans, chief scientific officer at Innoval 
Technology (Banbury, UK) for his expert review of several chapters, particularly those relating to 
the different types of aluminium corrosion. I am very grateful for his knowledgeable input. 

I would like to express my gratitude once again to Andre Guilhaudis (1918-2008), who was 
Pechiney's corrosion expert from 1945 to 1980. He welcomed me to the Pechiney Research Centre 
in Chambery in 1957 and shared with me his passion for aluminium and his experience in corrosion. 

C. VARGEL 
Ingenieur ENSEEG 
15 November 2019 



lntroductory remarks 

I .
8 

customary, and for convenience, to refer to aluminium, but what is meant in most cases are 
~~minium alloys. It should be recalled ~h.at unalloyed aluminium accounts for just over 10% of the 

orld's annual consumption of all alummmm products. 
w However, for the sake of simplicity, I use 'aluminium' instead of the traditional expressions 
'aluminium and its alloys' or 'aluminium and aluminium alloys' . It should not be concluded that 
the corrosion resistance of all aluminium alloys is the same in any environment! There are certainly 
some similarities, but there are also important differences between 2XXX and 7XXX series alloys 
and those of the other farni li es. That is why I have made this distinction whenever appropriate. 

When one or more alloys have been used for corrosion tests in a given environment, it seemed 
desirable to me to mention them because they were part of the test protocol chosen by the scientists 
and contributed to its validation. Similarly, it seems essential to indicate the alloys commonly used 
in an application. These are references that help to establish the use and strengthen the choice of 
prescribers and users. 

The designation of wrought and cast alloys employed is that of the Aluminurn Association1 [1]. To 
facilitate the reading of Parts E and F dealing with the corrosion resistance o f aluminium in chernicals, 
I have quoted (between { }) their ADR number,2 which is the United Nations four-digit codefor the 
substance in question. The designation o f organie chernicais listed in Parts M and N shall preferably be 
that according to the rui es of IUAPC nomenclature. 3 

Excluded from the scope of this work are aluminium powder products, powder and granules whose 
properties and applications are not related to the applications of cast products, wrought semifinished 
products, rolled products, extruded products and so on. Also excluded are sintered aluminium powder 
composites as well as alurninized steel. 

Reference 
[l] Kaufman JB. Understanding wrought and cast aluminiurn alloys designations. [Chapter 3], ASM 

International, p. 23-37. https://doi.org/1 0.1361/iaat2000p023. 

1
The AJ · . . 

2ADR urrunum Assoc1atwn, 1400 Crystal Dńve Suite, 430 Artington YA 22202. 
3IU ' accord for dangerous goods by road. 

APC, International Union of Pure and Applied Chemistry. 
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Acrylic aldehyde, 734 
Acrylonitrile, 751 
Additives, 19 
Adhesive, 346 
Adipic acid, 744 
Adipic aldehyde, 734 
Age-hardenable alloys, 23, 29- 33, 37, 284 

Age-hardening precipitates, 131 
Aged temper, 18 
Ageing, 333, 334f, 461 , 492-493, 511-512 
Aggressiveness of atrnosphere, 562-563, 

562f, 566-567 
Air-water limit, 640 
Alclad, 414, 462 
Alcoho1s, 717, 720 

Aldehydes, 733-735 
Algae, 290 
Aliphatic ketones, 735 
Alkali metals, 649 

Alkali peroxides, 649 
Alkaline 

pickling, 338, 416 
products, 784- 785 
salts, 746 

Alkaloids, 424, 753 
Alkanes, 70 1- 702 
Alkenes, 702 

Alkosilane, 407-408 
Alkoxide, 718 

Alky1 sulphides. See Thioethers 
Alkynes, 702 
AUoy compositions, 136, 252-255 

cadmium, influence of, 146 
chromium, influence of, 146 
copper, influence of, 138-140 
iron, influence of, 136 
lead, influence of, 147 
lithium, influence of, 146-147 
magnesium, influence of, 141-146 
manganese, influence of, 140-141 
mercury, influence of, 147 
rare earth elements, influence of, 147 
scandium, influence of, 148 
silicon, influence of, 137-138 
strontium, influence of, 148 
tantalum, influence of, 148 
tin, influence of, 149 
titanium, influence of, 149 
zinc, influence of, 149- 150 
zinc, influence on serie 5XXX alloys, 472-473 
zirconium, influence of, 150 
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Alloying elements, 19 
Alpha hydroxy acids, 743 
Alternating currents, 764- 766 
Alumina, 92, 98, 276, 784 
Aluminium 

advantages, 37t-38t 
applications, 37t-38t, 768, 780-781 
blackening, 602-608 
bolts, 312 
chemically produced, 4 
electrochemically produced, 4-6 
and galvanic corrosion, 296- 297 
and health , 777-779 
open circuit potential (OCP) of, 82- 83 
oxide films formation mechanism on, 92-94 
pH influence on aluminium passivation, 107 
pitting corrosion, l O-step sequence o f, 170-17 l 
pitting potential , 71-72 
plating, 415- 416 
polarization curves, 54-55 
powder, 787 
protection, 383-443 
recycling, 6 
resistance in eontael with foodstuffs, 781 
standard potential , 67-68 
welding techniques, 338 

Aluminium acetale, 747 
Aluminiurn alloys, 18 

selecting criteria, 36- 37 
Aluminium borate, 696 
Aluminium casting alloys, 22-23, 22t, 525- 537, 

583-584, 704 
addition of beryllium, 67t 
applications, 527-528 
corrosion resistance, 527-529 
extract of standardized compositions, 527t 
filiform corrosion resistance, 534-535, 535t 
parameters governing corrosion resistance of, 529-533 
stress corrosion cracking resistance, 533- 534 

Aluminium chloride, 689 
Aluminium forrnate, 746 
Aluminium hydroxide, 50, 317, 542 
Aluminium nitrate, 694 
Aluminium stearate, 747 
Aluminium sulphate, 554,691 , 778 
Aluminium-magnesium alloys . See 5XXX series alloys 
Aluminium-magnesium-silicon alloy. See 6XXX series alloys 
Aluminium-manganese alloy. See 3XXX series alloys 
Aluminium-silieon alloy, 19, 22- 23, 526, 531 - 532 
Aluminium-silicon-magnesium al1oys. See 6XXX 

series al1oys 
Aluminium-zinc-magnesium. See series 7XXX alloys 

Aluminium- copper alloys . See 2XXX series allo s 
Aluminium- lithium alloys, 515-523, 516t, 517/ 

corrosion resistance, 516- 517 
exfoliation corrosion, 519 
intergranu1ar corrosion, 518-519 
pitting corrosion, 517-518 
slress corrosion cracking, 520-521 

Aluminium-silieon casting alloys, 22-23, 525-537, 686 
Aluminium-si1icon- copper alloys, 526-527, 532 
Aluminium- zinc-magnesium-copper alloys. See 7XXX 

series alloys 
Alums, 692 
Amides, 751 
Amin es, 727, 729f 
Amino acids, 731 
Aminobenzenesulphonic acid, 745 
Aminobenzoic acid, 731 , 745 
Arninophenols, 731 
Aminophenolsuphonic acid, 745 
Aminophtalenesulphonic acid, 745 
Aminosalicylic acid, 731 , 745 
Aminosulphonic acid. See Sulpharnic acid 
Aminotoluenesulphonic acid, 745 
Ammonia, 552, 556, 597-598, 634-635, 639, 659-660, 

662-663 
Ammonia water. See Aromoniurn hydroxide 
Ammonium carbamate, 697 
Ammonium carbonate, 663- 664, 695 
Amrnonium chloride, 604, 689 
Aromoniurn chromate, 697 
Ammonium cyanide, 696-697 
Ammonium dichromate, 697 
Ammonium fluoride, 686 
Ammonium hydrogen carbonate, 695 
Ammonium hydroxide, 663-664 
Aromoniurn nitrate, 693-694 
Ammonium nitrite, 694 
Ammonium sulphate, 691 
Ammonium sulphide, 663-664, 692 
Ammononitrate, 768 
Amyl adipates, 749- 750 
Amyl alcohol. See Pentyl alcohol 
Amyl benzoate, 750 
Amyl ether, 722 
Amyl mercaptan, 723 
Amylamine, 728 
Anethole, 723 
Aniline, 729 
Anisic alcohol , 720 
Anisic aldehyde, 734-735 
Anisidine, 731 
Anisole, 723 



Anisatrapy of IGC, 191 -192 
Anisoyl chloride, 731 
Anisyl acetate, 750 
Anisyl formate, 750 
Anode, 298 
Anodic depleted zone, 191 
Anodic dissolution, 222, 240 
Anodic inhibitor, 421 
Anodic intermetallics, 132, 189 
Anodization, 7-8, 398-403 

chromie acid anodizing, 40 l 
classes, 586, 586t 
bard anodizing, 401-402 
phosphoric acid anodizing, 402-403 
sulphuric acid anodizing, 399-40 l 
treatments, 402t, 403 
weathering, 401 , 584-587 

Anodized surfaces cleaning, 785 
Anthracene, 703 
Anthraquinone, 735 
Anthraquinone sulphonic acid, 723 
Antifreeze, 287 
Antimony, 653 
Antimany chlorides, 689 
Antimany pentachloride, 656-657 
Antimany pentafluoride, 656 
Antimany sulphate, 692 
Antimany trifluoride, 656 
Arachidic acid, 743 
Arc we1ding, 219 
Arenes, 702-703, 714-715 
Argon, 651 
Aromatic acids, 744 
Aromatic alcohols, 720 
Aromatic aldehydes, 734- 735 
Aromatic amines, 729-730 
Aromatic derivatives, 731 
Aromatic esters, 750 
Aromatic ethers, 723 
Aromatic hydrocarbons. See Arenes 
Aromatic ketones, 735 
Arsenates, 695 
Arsenie, 653 
Arsenie acid, 646 
Arsenie monosulphide, 655 
Arsenie pentoxide, 646 
Arsenie trichloride, 656- 657 
Arsenie triiodide, 657 
Arsenie trioxide, 646 
Arsenites, 695 
Artificial ageing, 30, 333- 335 
Artificial seawater, tests in, 635-636 

Artificial soi ls, 758 
Ascidian, 292 
Ascorbic acid, 744 
Aspartic acid, 731 
ASSET test, 205, 361 
ASTM standards, 75 , 79,214,318, 566 
Atmospheres , 561 

elassie typology, 561 
predictive approach corrosion in , 565- 566 
standardized typology, 561-565 
wire-on-bałt test, 566-567 

Atmospheric carbon dioxide, 555 
Atmospheric corrosion of aluminium, 541-544 

alternating periods of dampness and dryness, 558-559 
condensation, 550-552 
corrosion products, 558 
dust, 557-558 
filiform corrosion, 572 
fog, 549 
galvanic corrosion, 570- 572, 570f 
gaseous pollutants, 552-557 
hislorical background, 541-542 
influence of deposit and surface condition, 549f 
influence of moisture film thickness, 548f 
knowledge base of aluminium weathering, 542 
moisture influence on, 547f 
pitting corrosion, 569 
rain, 548-549 
relative humidity, 546-548 
tarnishing due to water staining, 572 
temperature, 550f, 552 
termino1ogy of air humidity leve1s, 546t 
variation of corrosion rate with time, 543f 

Atomie force microscope (AFM), 85, 165 , 360 
Atomie hydrogen, traps for, 509 
Atropine, 753 
Automotive beat exchangers, 284 
Automotive industry, 21 
Autotrophic bacteria, 289 
Azobenzene, 729 

B 
Bacteria, nutritional mode of, 289-290 
Bactericides, 785 
Bacteriologica1 corrosion, 290 
Barium acetale, 747 
Barium carbonate, 696 
Barium chloride, 689 
Bariurn cyanide, 696-697 
Barium hydroxide, 662 
Barium nitrate, 694 
Barium oxide, 646 



Barium peroxide, 649-650 
Barium stearate, 747 
Barium sulphate, 691 
Barium sulphide, 693 
Barnacles, 291 
Barrier anodizing, 399 
Bayerite, l 04, 608 
Beeswax, 750 
Benzamide, 751 
Benzene, 702 
Benzidine, 729 
Benzoate, 421 , 748 
Benzoic acid, 744 
Benzoic aldehyde, 734-735 
Benzoic anhydride, 746 
Benzonitrile, 751 
Benzophenone, 735 
1,2-Benzopyrone. See Coumarin 
Benzopyrrole. See Indole 
Benzoquinone. See Quinone 
Benzoyl chloride, 716 
Benzyl acetale, 750 
Benzyl alcohol, 720 
Benzyl chloride, 796 
Benzyl cresyl oxide, 723 
Benzyl forrnate, 750 
Benzyl oxide, 723 
Benzyl sulphide, 723 
Benzylaniline, 729 
Benzylchloride, 714-715 
Benzylidene chloride, 715, 796 
Bergaptol, 753 
Beryliiurn chloride, 689 
Beryllium sułphate, 691 
Biochemical oxygen demand (BOD), 594, 598 
Biofilms, formation and role of, 291-293 
Biofouling, 291-293 
Biofuels, 704-705 
Biological constituents, 636 
Biphenyl , 703 
Bis amino-silane, 41 l 
Bis-[triethoxysilylpropyl] tetrasulphite (BTESPT), 41 O 
l ,2-Bis(triethoxisilyl)etane (BTSE), 41 O 
Bismuth, 82 
Bismuth chlorides, 689 
Bismuth nitrate, 694 
Bismuth oxychloride, 650 
Blackening of aluminium, 602-603, 785 
Boehmile 

coa1ings, 386-390, 729 
hydrolhermal formalion, 387 

industrial applicat.ion, 390 

treatmenls wilh addit.ivaled waler, 389-390 
Bonding, 346 
Borales, 696 
Boric acid, 680 
Borneols, 720, 753 
Boron, 654 
Brackish water, 594, 639 
Brake fluids, 723 
Brine mud, 706 
Bromides, 603-604, 690 
Bromine, 657, 713- 714, 796 
Bromine penlaftuoride, 656 
Bromine triftuoride, 656 
Bromoform, 714 
Buna, 702 
Butadiene, 702 
Butene. See Butylene 
Butler- Volmer law, 369 
Butyl adipates, 749- 750 
Butyl alcohol, 719 
Butyl benzoate, 750 
Butyl chloroacetale, 716 
Butyl chloroformate, 716 
Butyl ether, 722 
Butyllactates, 749-750 
Butyl mercaptan, 723 
Butyl methacrylate, 749 
Butyl naphthenates, 750 
Butyl vinyl ether, 722 
Bulylamine, 728 
Butylcetamide, 751 
Butylchloride, 713 
Butylene, 702 
Butyraldehyde, 734 
Butyric acid, 742, 742f 
Butyric anhydride, 745 
Butyrył chłoń de, 7 l 5 

c 
Cadmium, 146 
Cadmium ftuoroborate, 687 
Cadmium oxide, 146 
Cadroiurn sulphate, 691 
Cadmium-plated steel, 306 
Caffeine, 753 
Calciuro acetale, 747 
Cal ci u m aluminate, 77 l 
Calciuro arsenale, 695 
Calcium carbide, 654 



Calcium carbonate, 696 
Calcium chloride, 688-689, 772 
Calcium chromate, 697 
Calcium concentration in water, 604 
Calcium cyanide, 696-697 
Calcium hydrogen sulphide, 693 
Calcium hydroxide, 661-662 
Calcium nitrate, 694 
Calcium oxide, 646 
Calcium peroxide, 649-650 
Calcium propionate, 747 
Calciurn sulphate, 691 
Calibrated tests, 364-365 
Camphor, 735 
Capric acid, 743 
Caproaldehyde, 734 
Caproic acid, 743 
Caproic anhydride, 746 
CapryJ alcohol. See Octy) alcohol 
Caprylaldehyde, 734 
Carbamates, 697 
Carbon, 654 
Carbon dioxide, 346, 552, 554-555, 639, 647, 663-664 
Carbon disulphide, 655 
Carbon fibre- based composites, 309 
Carbon fibre-reinforced plastics (CFRPs) , 11-12, 296 
Carbon rnonoxide, 647 
Carbon tetrachloride, 711-712, 796 
Carbonates, 696 
Carboxylates, 421 
Carboxylic acids, 743 
Carone, 753 
Carotine, 753 
Carvone, 753 
Cast alloys, 22t, 277 
Casting aluminium alloys, 19, 22-23, 22t, 23t, 525-537 

Long-term weathering, 585 
Cathode, 48, 298 
Cathodic corrosion of aluminium, 426 
Cathodic current, 48 
Cathodic inhibitor, 418 
Cathodic intermetallics, 132 
Cathodic polarization curve, 370, 370f 
Cathodic protection of aluminium, 72, 424f, 425-428 

applications, 428 
cathodic corrosion of aluminium, 426 
neutralization of galvanic coupling by, 427f 
secondary reactions in seawater, 427 

Cation-deficient oxides, 93 
Cavitation, 285-287, 286f 
Cellulose, 754 
CetluJose esters, 750 

Cellulose ethers, 722 
Central heating in aluminium, 616 
Cerium, 389 
Ceriurn conversion coatings, 393-396 

activation, 395 
efficiency, 396 
forrnation, 395 
selection of cerium salt, 395 

Cerium nitrate, 413 
Cetyl alcohol. See Hexadecyl alehol 
Chemical conversion treatments, 390-398 
Chemical oxygen demand (COD), 598 
Chernical pickling treatrnents, 338 
Chlorates, 690 
Chloric acid, 670 
Chlorides 

and pitting corrosion, 165-169, 166f, 167f 
in corrosion products, 318 
influence on atrnospheric corrosion, 558 
types of atrnospheres, 564, 564t, 566t 
sodium chloride, 689-690, 690f 
other chlorides, 689-691, 691t 

Chlorinated derivatives, 656-657, 713 
Chlorinated ethane derivatives, 712 
Chlorinated ethylene derivatives, 712-713 
Chlorinated methane derivatives, 711-712 
Chlorinated organie derivatives, 796 
Chlorine, 552, 656, 796 
Chlorine triftuoride, 656 
Chloroacetaldehyde, 715 
Chloroacetic acid, 715, 796 
Chloroacetyl chloride, 715 
Chloroamphenicole, 715 
Chlorobenzene, 714 
Chlorodane, 713 
Chloroethanol, 715 
Chloroform, 711 , 796 
Chloroformate, 716 
Chloronitrobenzene, 715 
Chlorosulphonic acid, 672 
Chromale conversion coatings (CCC), 391-392 
Chromates, 417, 697 
Chromie acid, 679-680 
Chromie acid anhydride. See Chromie acid 
Chromie acid anodizing, 309, 398-399, 401 
Chromiurn, 19, 146,470,472,49 1 
Chromiurn Huoroborate, 687 
Chromiurn nitrate, 694 
Chromiurn oxychloride, 650 
Cinnamic aldehyde, 734-735 
Cinnamyl alcohol, 720 
Citric acid, 744 



CitroneUyl benzoate, 750 
Clad semi-finished products, 415 
Cladding of aluminium alloys, 414- 415, 414f, 414t 
Cleaning of aluminium, 783-786 
Cobalt acetale, 747 
Cobałl nitrate, 694 
Cobalt sulphate, 692 
Cocaine, 753 
Codeine, 753 
Concrete, 771-773 
Condensation, 550-552 
Condensing boilers, 616-617 
Confocal scanning laser microscopy (CSLM), 132 
Construction materials 

effect of concrete, 771-773 
effect of plaster, 774 
effect of polymers, 775 
effecl of wood, 774-775 

Conventional fuels, 703-704 
Copper 

AlCu intermetallics, 138-139 
alloys, 22- 23, 453-463, 505-514, 525- 537 
copper-containing alloys, 22, 123, l 28, 714 
copper-free silieon aluminium casting alloys, 529 
in 7XXX series alloys, 497-498, 506, 506t 
influence in casting aluminium alloys, 531-532 
influence in 6XXX, 491 
influence on aluminium corrosion resistance, 138-140 
influence on forrnation on oxide film, 99 
influence on potential, 82 
influence on AA3003, 466 
in fresh waler, 606- 607 
S-phase, 139, 139f 

Copper acetale, 747 
Copper nitrate, 694 
Copper oxide, 647 
Copper oxychlońde, 650 
Copper sulphate, 691-692 
Corrosion, influence of, 

arc welding, 338-339 
bonding, 346 
composition of alloy, 86 
eontael with other metais and materials, 346- 347 
factors related to environment, 325-327 
forming and transformation routes, 328 
FSW, 340-346 
grain size, 335 
heat treatrnents, 331-335 
inhibitors, 409, 417-424 
laser beam welding, 339-340 
maintenance, 349 
mechanical loads, 347 

protection, 383- 443 
rate measurement, 161 
storage and transport, 349 
strain hardening, 336 
surface condition, 336- 338 
susceptibility, 334t 

. twin roll casting, 328-331 
welding techniques, 338 

Corrosion fatigue, 238-244 
failure , 238, 273 
loading frequency, 242- 244, 376t 

Corrosion potentials, 64, 68-69, 375t-377t 
Corrosion products, 240-241 , 304, 554, 773 
Corrosion testing, 359- 380 
Cosmetic corrosion. See Filiform corrosion 
Coumańc aldehyde, 734- 735 
Coumańn, 753 
Crack propagation stress corrosion mode, 221 
Crack propagation stress corrosion rate, 222-223 
Cresols, 725 
Crevice corrosion., 267, 268f, 675, 164 
Critical degree of moisture, 542 
Critical pitting potential, 69-70 
Cńtica l quench rate, 31 
Critical threshold of relative hurnidity, 546, 548 

on filiform corrosion, 258 
on weathering, 546-548 

Crotonaldehyde. See Crotonic aldehyde 
Crotonic acid, 743 
erotonie aldehyde, 734 
Cryogenic cooling with COz, 346 
Cryolite, 4, 686 
Cumenic aldehyde, 734-735 
Current of corrosion, 367 
Cyanides, 696-697 
Cyclic aldehydes, 734 
Cyclic hydrocarbons cyclopropane, 703 
Cyclic ketones, 735 
Cyclobutane, 703 
Cyclohexane, 703 
Cyclohexane carbaldehyde, 734 
Cyclohexyl chloroacetate, 716 
Cyclohexylidene acetic aldehyde, 734 
Cyclopentane, 703 
Cyclopentane carbaldehyde, 734 

D 
Dampness, 558-559 
Daniell celi, 67 
Dealloying of S-phase, 139-140 
Decyl alcohol, 719 



Decyl ether, 722 
Decylaldehyde, 734 
Decylamine, 728 
Deformation rate, 244 
Degreasing agents, 784 
Demineralized water, 284 
Desalinization of seawater, 633-634 
Design measures, 347-348 
Detergents, 784 
Dew point, 546, 547t 
Diacetone alcohol, 735 
Diacetylglycerols, 750 
Dialdehydes, 734 
Dibutylamine, 728 
Dicarboxylic acids, 744 
Dichloroacetic acid, 715, 796 
Dichlorobenzene, 714 
Dichlorobutane, 713 
Dichloroethane, 712 
Dichloroethylene, 712, 796 
Dichlorophene, 715 
Dichromates, 697 
Diethanolamine, 728 
Diethyl malonate, 749-750 
Diethyl oxalate, 749- 750 
Diethylamine, 728 
Dihydrogen phosphate, 694 
Diisopropyl ether, 722 
Diisopropyl oxide. See Diisopropyl ether 
Dimethyl hydrazine (DMH), 664 
Dimethylforrnamide, 751 
Dinitrogen tetroxide, 676 
Dip-coating, 408, 408f 
Diphenyl ketone. See Benzophenone 
Diphenylamine, 729 
Direct chili casting (DCC), 328 
Direct stray currents, 773-774 
Discriminative tests, 364 
Disinfectants, 785 
Dispersoids, 119f, 131, 188 
Dissolved gases in water, 597-598 
Dissolved oxygen in seawater, 624 
Disturbed surface layer (DSL), 113-125, 253 
Dodecylaldehyde, 734 
Dome of San Gioacchino Church, 575-576, 576f- 577f 
Drilling muds, 706 
Dry ammonium bromide, 690 
Drying rate, 268-269 
Dryness, altemating periods of, 558-559 
Duplex ageing, 33 
Duralumin, 185, 454 
Dust, 557-558 

E 
Electric arc welding, 338-339 
Electrical conductivity, 13, 598 
Electrical double layer, 44-47 
Electrochemical microcells, 132 
Electrochemical tests, 336, 367-374 
Electrochemical theory, 211-214 
Electrolyte, 43, 298, 302-303 
Electromotive force, 67 
Embedded structures of galvanic corrosion, 305 
Emeraldine base (EB), 411 , 411 f 
Engine fuels, 703-705 
Erbium, 147 
Erosion, 283-285 
Esters, 748-75 1 
Ethane, 701 
Ethanol, 704 
Ethanolamine, 728 
Ethers, 718, 722-723 
Ethyl adipates, 749-750 
Ethyl alcohol, 719 
Ethyl benzoate, 750 
Ethyl bromide, 796 
Ethyl chloride, 796 
Ethyl chloroacetate, 716 
Ethyl ether, 722 
Ethyl iodide, 714 
Ethyllactates, 749-750 
Ethyl mercaptan, 723 
Ethyl methacrylate, 749 
Ethyl naphthenates, 750 
Ethylamine, 728 
Ethylaniline, 729 
Ethylbenzene, 702 
Ethylbromide, 714 
Ethylene, 702 
Ethylene chloride, 713, 796 
Ethylene dibromide, 714 
Ethylene glycol, 721 , 721t 
Ethylene iodide, 714 
Ethylene oxide, 702 
Ethylenediamine, 728 
Ethylenic aldehydes, 734 
Ethylglycol. See Ethylene glycol monoethyl ether 
Ethylidene chloride, 796 
Ethylsulphuric acid, 723 
European standards (EN standards ), 22 
EXCO test, 205, 206f, 242, 342-344, 361 , 365 , 467f, 519 
Exfoliation corrosion (EFC), 199-205, 200f 

test EXCO, 365 
hydrogen embrittlement, 20 l 
mechanical effect, 201 



Exfoliation corrosion (EFC) (Continued) 
of Aluminium-lithium, 521 , 522f 
of 2XXX series alloys, 461 
of SXXX series alloys, 483 
of ?XXX series alloys without 

copper, SLO 
Extreme value distribution theory, 177 
Extrusions functionality of aluminium, 15 

F 
Faraday's law, 302 
Fat, 751 
Fatty acids, 743, 747-749 
Fatty alcohols, 723 
Fehlner and Mott model, 94 
Fenehone, 753 
Ferrocyanides, 697 
Fertilizers, 767-768 
Filiform eorrosion, 247- 265, 572 
Fi1m-forrrung inhibitors, 418 
Fire, 787 

reaetion to, 790 
resistance to, 787-790 

Fluorides, 603-604, 686-687 
Fluorinated derivatives, 656 
Fluorine, 655-656, 714, 796 
Fluoroborates, 687 
Fluorophosphorie aeids, 679 
Fluorosilieates, 686 
Fluorosilicie acid, 669 
Fluorotitanate, 396 
Fluorozirconates, 396 
Fluosulphoruc acid, 672 
Fog,549 
Foil penetration technique, 176, 176f, 456 
Food, 777-782 

cleaning materials used with, 785 
compatibility of aluminium with, 779 
industry, 777-782 

Formaldehyde, 733-734 
Formamide, 751 
Formates, 746-747 
Formie aeid, 738-739, 739f, 739t, 796 
Fouling, 290 
Freshwater, 594- 620 
Fretting corrosion, 273-277 
Friction stir welding (FSW), 325, 340-346, 34lf 
Frictional sparking, 791 
Fungi , 290 
Furan, 753 
Furfural, 753 
Furfuryl alcohol, 720 

G 
GaUic acid, 744 
Gamum, 82 
Galvanic corrosion, 296- 297, 302, 570-572, 570f, 630-632 

640, 675, 786 ' 
emerged structures, 305 
insulation of metals, 310 
submerged structures, 305 

Galvanic coupling, 135 
Galvaruc series, 66, 80 
Galvanized steel, 306 
Gaseous ammonia, 663 
Gaseous pollutants, 552- 557 
Generał corrosion. See Urnform corrosion 
Gibbsite, 3 
Glow discharge optieal emission spectrometry, 253 
Glucides, 753- 754 
Glutarnic aeid, 731 
Glutaraldehyde. See Glutarie aldehyde 
Glutarie aldehyde, 734 
Glyceric aldehyde, 734 
Glycerine, 722 
Glyeerol aeetates, 750 
Glycine, 731 
Glyeol ethers, 723 
Glycol solutions, 722 
Glycolie acid, 743 
Glyeolic aldehyde, 734 
Glyeols, 720- 722 
Grain bonndary 

misorientation, 518 
orientation, 224 
role in IGC, 186-188 
size, 335 

Graphite, 309, 654 
Grapbite epoxy composite materials (GECMs), 296 
Grinding, 259 
'Guillotine' method, 68, 101 
Gumbel law, 176 

H 
Halide salts, 685 
Halogen derivatives, 657, 796 

of acids and phenols, 715-716 
of aromatic hydrocarbons, 714-715 

Halogens, 796 
Hard anodizing, 399, 401-402, 632 
Heat affected zone (HAZ), 338-339, 497, 501 
Heat exchangers, 13, 36 
Heat treatrnents, 331- 335 

ageing, 333, 334f 
influence in ?XXX series alloys, 510-512 



on intergranular corrosion, 194, 195f 
paint bak:ing, 335 
processes, 17 
quench rate, 332-333 
stabilising in SXXX senes alloys, 481-482 
of cast aluminium alloys, 23 
in 2XXX senes aUoys, 460-461 

Heavy metals, 663- 664, 746 
Helium, 651 
Heptachlor, 713 
Heptadecyl-alcohol, 719 
Heptanoic acid, 746 
Heptył aleoho l, 7 l 9 
Heptył ether, 722 
Heterocyclic compounds, 753 
Heterotrophic bactena, 289 
Hexachlorobenzene, 714 
Hexachloroethane, 796 
Hexachlorophene, 715 
Hexadecyl alchol, 719 
Hexavalent chromate conversion coating, 391 
Hexenoic aldehyde, 734 
Hexyl alcohol , 719 
Hexyl ether, 722 
Hexylarnine, 728 
High angle grain boundaries (HAGB ), 187-188 
Holoside sugars, 754 
Hopeite, 393 
Humidification, 268-269 
Humidity influence, 510 
Hydracids, 784 
Hydracrylonitrile, 751 
Hydrated alumina, 163 
Hydraulic brak:ing systems, 723 
Hydrazine, 664 
Hydrobromie acid, 669 
Hydrocarbons, 701 - 707 
Hydrochione acid, 650, 668, 796 
Hydrocyanic acid, 669 
Hydrotiuone acid, 669, 796 
Hydrogen, 651 

diffusion, 219-220 
hydrogen-induced cracking, 509 
penetration in aluminium, 216 

Hydrogen embnttlement, 201 , 214-222, 239 
Hydrogen peroxide, 75, 649 
Hydrogen phosphate, 694 
Hydrogen sulphide, 13, 552, 555-556, 597-598, 639, 

654-655, 663-664, 692 
Hydroiodic acid, 669 
Hydroquinone, 725 
H ydrotalcite, 389 

Hydrotherrnal sealing, 403 
Hydroxy acids, 743 
Hygrometnc degree of air, 546 
Hypochloric acid, 670 
Hypochlontes, 690 
Hyposelenic acid, 672 

Immunity of aluminium, 57 
Impregnated graphite, eontael with, 309 
Impunties, 19 
lndium, 82 
Indole, 729, 753 
Indoline, 729 
Influence on corrosion resistance, 127-155 
Inhibitors, 418 

aluminium, 423t, 424 
film forming inhibitors, 418 

Inner Helrnholtz piane, 45 
Inoleic acid, 743 
Inorganic acids, 667-681 
I norgani c bases, 659-665, 667 
Inorganic hydracids, 795-796 
Inorganic products, 795-796 
In organie sal ts, 597, 683-698 
Inorganic sol-gel coatings, 406 
Insulation of meta1s, 310 
Intergranular corrosion (IGC), 185-195 

anisotropy, 191-192 
and exfoliation corrosion, 200-201 
and stress corrosion, 213-214, 213f, 214f 
anodic depleted zone development, 191 
anodic phase precipitation, 191 
grain boundanes role, 186-188 
in water, 610- 613, 613f 
of aluminium-lithium, 520-521 
of lXXX senes, 452, 452f 
of 2XXX senes alloys, 458, 459f 
of SXXX senes alloys, 481-483, 478f, 482f 
of 6XXX series alloys, 493, 494f, 495f 
propagation modes, 189 

Intergranular dissolution-induced damage (IDO), 
201-202 

Intergranular fracture-induced damage (IFD), 201 - 202 
Interrnediate (soft) annealing, 33 
Intermetallics, 171-172, 473 
Interna! cornbustion engines, 556 
Inverse logarithmic law, 95 
Iodides, 603-604, 690 
Iodine, 657, 796 
Iodine pentaftuoride, 656 
Iodoforrn, 714 



Iron , 19, 136,447, 488, 532-533 
Iron chloride, 689-690 
Irrigation, 616 
Iso-butyric anhydride, 745 
Isobutane, 70 l 
Isobutyl alcohol , 719 
Isobutyraldehyde, 734 
Isobutyric acid, 742 
Isodecylaldehyde, 734 
Isoprene, 702 
Isopropyl alcohol, 719 
Isopropyl chloroacetate, 716 
Isovaleric aldehyde, 734 
Itaconic acid, 7 44 

K 
Kelvin probe force microscopy, 250 
Ketones, 735 
Kitchen utensils, 783 
Krypton, 651 

L 
Laboratary stress corrosion tests, 365 
Lactates, 748 
Lactic acid, 743, 7431 
Lanthanide salts, 393 
Laser beam welding, 339-340 
Laser shock peening (LSP), 345-346 
Laser surface melting (LSM), 345-346 
Lauric acid, 743 
Laury! chloride, 715 
Lauryl ether, 722 
Lead influence, 19, 147 
Lead acetale, 747 
Lead arsenates, 695 
Lead nitrate, 694 
Lead ox.ides, 647 
Lead sulphate, 692 
Limestone, 661 
Liquid fertilizers, 768 
Liquid natura l gas (LNG), 701-702 
Lithium 

influence, 146-147 
salts, 389 

Lithium chloride, 689 
Lithium hydroxide, 646, 661 
Lithium oxide, 646 
Lithium peroxide, 649- 650 
Local solicitation map, 274, 275f 
Local thinning of metal , 283-284 
Localized corrosion. See Pitting corrosion 
Lockheed test, 262 

Logarithmic law, 95 
Long transverse direction (L T direction), 509 
Long-term weathering, 401 

of anodized aluminium, 585-586 
of casting alloys, 583-584 
of wrought alloys, 580-583 

Low angle grain boundaries (LAGB), 187-188 

M 
Machining, 21 
Magnesium, 98-99, 485, 487, 602-603 

aluminium-magnesium alloys. See 5XXX series alloys 
eoncentrallon m 5XXX series alloys, 191, 473-479 

Magnesium acetale, 747 
Magnesium carbonate, 696 
Magnesium chloride, 624, 639, 689 
Magnesium hydrox.ide, 146 
Magnesium ox.ide, 572, 646 
Magnesium peroxide, 649-650 
Magnesium silicate, 696 
Magnesium sulphate, 691 
Magnesium sulphide, 693 
Maleic acid, 744 
Maleic anhydride, 746 
Malic acid, 744 
Małonic acid, 744 
Maneb. See Manganese salts 
Manganese. See 3XXX series alloys 
Marine applications of aluminium, 632-635 
Marine environments, 291, 627-628 
Mass 

loss conversions, 161 
thermal capacity, 787 

MASTMAASIS tests, 519 
MBV process, 390 
Mechanical polishing, 273 
Menthol, 720 
Mercaptans. See Thioalcohols 
Mercury, 82, 147, 307, 308f 
Mercury oxides, 647 
Metal ox.ides, 646-647 
Metallic surface cleaning, 783-784 
Metalloids, 17, 685 
Metallurgical tempers, 18, 28-29, 33, 37 
Metasilicates, 696 
Metavanadates, 398 
Methacrylic acid, 743 
Methacryloxypropyltriethoxysilane (MAP), 409 
Methane, 639, 701 
Methyl acetale, 749 
Methyl alcohol , 71 8- 719 
Methyl henzoate, 750 



Methyl bromide, 713, 796 
Methyl chloride, 711 , 796 
Methyl chloroacetate, 716 

Methyl chloroformate, 716 
Methyl ether, 722 

Methyl formate, 748 
Methyl iodide, 714, 796 

Methyllactates, 749-750 
Methyl methacrylate, 749 

Methyl naphthenates, 750 
Methyl salicylate, 749-750 

Methylarrtine, 728 
Methylbenzyl alcohol, 720 

Methylene chloride, 711 
Methyltriethoxysilane (MTES), 409 

Micro-arc oxidation (MAO), 386, 405-406 
Microbiologically inftuenced corrosion (MIC), 290-293 

Mineralization, 285 
Moisture, 216-219, 510 

Molluscs, 291 
Molybdates, 398, 409, 421 

Molybdenum pentachloride, 656-657 
Monoacetylglycerols, 750 

Monochloroacetic acid, 796 
Monochloroethane, 712 
Monoethanol ethylenediarnine (MEEDA), 729, 730t 
Monoethylene glycol, 721 
Monometbył hydrazine (MMH), 664 

Monopropylene glycol, 721 
Morphine, 753 
Myristic acid, 743 

Myristic aldehyde, 734 
Myristyl alcohol. See Tetradecyl alcohol 

N 
Natura! ageing, 30-31 
Natura! oxide film. See Oxide film 
Narural soil, 757 
Narural waters, aluminium corrosion in, 599-602 
Near surface deformed layer (NSDL), 121 
Neon, 651 
Nerust equation, 65 
Neutralization of ga1vanic coupling, 312-313 
Nickel, 19,415 
Nickei acetale, 403, 747 
Nickei ftuoroborate, 687 
Nickei nitrate, 694 
Nickei sulphate, 692 
Nicotine, 753 
Nicotine sulphate. See Nicotine acid 
Nitrates, 421, 603-604, 693-694 
Nitric acid, 672-677 
Nitriles, 751 

Nitrites, 421 , 694 
Nitroanilines, 731 
Nitroanisole, 731 
Nitrobenzene, 751 
Nitrobenzoic acid, 751 
Nitrobenzoyle chloride, 715 
Nitrocellulose, 751 

Nitrocresol , 751 
Nitroethane, 751 

Nitrogen, 651 
Nitrogen monoxide, 556 

Nitrogen oxides, 545, 556, 648 
Nitroglycerine, 751 

Nitromethane, 751 
Nitrophenol, 751 

N i tropropane, 7 51 

Nitrosyl chloride, 650 
Nitroto1uene, 751 

Nitrous derivatives, 751 

N oble gases, 651 
Non-benzenie hydrocarbons, 703 

Nonyl alcoho1, 719 
Nonyla1dehyde, 734 

o 
Ocean therma1 energy conversion (OTEC), 

634-635 

Octadecyl alcohol, 719 

Octadecylaldehyde, 734 
Octy! alcohol, 719 

Octyl ether, 722 

Octylarnine, 728 
Oleic acid, 743 
Open circuit potential (OCP), 

of aluminium alloys, 82, 83f, 84t 
of cladding, 41St, 416f, 464 
defintion, 74, 74f 

galvanic series, 80, SI t 
influence area on measurements, 79-80, SOf 
influence of tempers, 83, 84f, 463, 463f 
of intermetallics , 130t, 131-132, 190t, 458, 459 
meaning, 81 
measurements, 75- 76, 76t, 300 
parameters of measuring, 76-80, 77f-79f 
properties, 75 
of solid solution, 189f, 190t 
of S-phase, 139-140, 139f. 

See also Standard potentia1 
See also Volta.potentia1 

Organie acids, 289-290, 721 , 738, 796 
Organie coatings, 416-417 
Organie matter, 598 
Organie molecules, 422 



Organie products, 734, 753-754, 795-796 
Organie solvents, 719 
Organoalkoxysilane, 406 
Ormosil coatings, 411 
Overageing, 492 
Oxalates, 748 
Oxal.ic acid, 398, 412 
Oxide film, 91-111 

fire resistance of aluminium, 790 
growth in air, l 03 
growth in water, 103-104 
influence of alloying element, 98 
influence on copper, 99 
influence of immersion limes on measuring, 76 
influence of magnesium, 98, 99f 
influence on OCP of aluminium, 82 
influence of oxygen pressure, 94, 95f 
influence of surface stale, 96, 97f 
influence of temperature, 94, 96f 
influence of zinc, 99, IOOf 
mechanisme of fonnation, 92, 93f 
properties, l 04, l 05t, l 05f, 106t 
rate of reconstitution, 100, lO l f 
structure, l O l, l 02f 

Stability and pH, 52, 53f, 107f, 108f 
action alcohols and pheno1s on, 724 
corrosion in fresh water, 608-609 

Oxides, 645-650 
Oxidizing salts, 685 
Oxychlorides, 650 
Oxygen, 645-646 

influence on corrosion of aluminium, 51 , 327, 612-613 
influence on weathering, 542 

Ozone, 646 

p 
Paint baking, 335, 477 
Painting, 312 
Palmitic acid, 743 
Palmitic aldehyde, 734 
Palmitic ester of myricyl alcohol, 750 
Papaverine, 753 
Paraffins, 702 
Parameters o f corrosion, 323-355 
Paratoluene sulphonic acid, 412, 723 
Passivating inhibitors, 418 
Passive film, 66-67 
Passive protection, 409 
Passivity, 91, 107, 165-167 
Pathak-Godard equation, 615 
Pentachlorethane, 712, 796 
Pentadecyl alcohol, 719 

Pentyl alcohol, 719 
Pentyl nitrate, 751 
Pentyl nitrite, 751 
Perborates, 696 
Perchlorates, 690 
Perchiarie acid, 670 
Perrnanganates, 697 
Peroxides, 649-650 
p H 

diagram Pourbaix E-pH, 56-59, 56f, 58f, 59f 
crevice corrosion, 269 
influence on corrosion rate, 159, 160f 
influence on dissolution rate, 52, 52t, 54f 
influence on galvanic corrosion, 303 

influence on passivation of aluminium, 107, l 07f, 108f 
influence on pitting potential, 70, 71f 
influence on propagation of pitting, 169 
of sea water, 627, 627f 
ofsoil, 761 , 76lf 
passivity of aluminium and pH, 52 
stability of oxide film and pH, 52, 53f 

Parameters of the corrosion of aluminium, 327 
Phenolate. See Alkoxide 
Phenols, 718, 724- 725 
Phenyl acetale, 750 
Phenyl ether, 723 
Pbenyl fonnate, 750 
Phenylacetic acid, 744 
Phenylacetic aldehyde, 734-735 
Phenylbutyl alcohol, 720 
Phenylethyl alcohol, 720 
Phenylpropyl alcohol, 720 
Phosgene, 715 
Phosphatation, 393 
Phosphates, 421,603- 604,694-695 

Phosphonates, 390 
Phosphophyllite, 393 
Phosphoric acid, 679 
Phosphoric acid anodizing, 399, 402-403 
Phosphoric anhydride, 647 
Phosphorus, 653 
Phosphorus pentachloride, 656-657 
Phosphorus pentafluoride, 656 
Phosphorus sesquisulphide, 655 
Phosphorus sulphides, 655 
Phosphorus trichloride, 656-657 
Phosphorus trisulphide, 655 
Pbosphoryl chloride, 650 
Phthalic acid, 744 
Phthalic anhydride, 746 
Phthalonitrile, 751 
Physisorption, 420 



Pick:ling, 123,259-26 1, 338 
Picolines, 753 
Picric acid, 725 
Pilling-Bedworth ratio, 92 
Pitting corrosion, 163-184 

in atmospheric corrosion, 571 
characterization, 175-179, 176f, 177f, 178t 
extreme value distribution tbeory, 176f, 177f, 178t 
in fresh water, 599-601 , 600f-60lf 
rnechanism, 164-171, 164f, 167f, 168f 
pitting depth measurement, 69f, 70f, 580 
pitting developrnent rate, 172-175, 174f 
pitting potential, 69-72 
pitting potential of aluminium, 71 , 71f, 368-369, 369f 
probability of pitting, 178-179 
role of intermetallics, 136-137, l37f, 171-172, 

17lf, 172f 
in sea water, 630-631, 631t 
sensivity of aluminiurn alloys, 179, 449-450 
sensitivity of Aluminium-litbium alloys, 519-520, 519f 
sensitivity of lXXX series, 451 
sensitivity of 2XXX series alloys, 458 
sensitivity of 3X:XX series alloys, 469, 469f 
sensitivity of 5XXX series alloys, 48 1 
sensitivity of 6XXX series alloys, 495 
Standard ASTM G46, 375t 
weathering, 583, 583f, 5831, 5841, 5851 

Plant-care products, 769 
Plaster, 774 
Plating on aluminium, 415- 416 
Polarization, 300, 303-304 

curves, 48, 368-369 
resistance, 370-371 
tests, 148 

Pollution, 561 
Polyalcohols, 720-722 
Polyalkeneglycol mixtures, 721 
Polyaniline (PAni), 411 

coatings, 411-414 
Polycarboxylic acids, 744 
Polychlorocamphenes, 713 
Polyrners, 775 
Polypyrrole, 412 
Polyuretbane foam, 775 
Polyvinyl ethers, 722 
Po1yvinylchloride (PVC), 713 
Post-weld treatments, 345-346 

friction stir welding (FSW), 342 
Potassium arsenite, 695 
Potassium carbonate, 695 
Potassium chloride, 604, 624, 688 
Potassium chrornate, 697 

Potassium cyanide, 696-697 
Potassium dichromate, 697 
Potassium ferricyanide, 697 
Potassium ferrocyanide, 697 
Potassium ftuoride , 686 
Potassium ftuorosilicate, 686 
Potassium hydroxide, 646, 659, 661 , 784, 796 
Potassium nitrate, 693- 694 
Potassiurn nitrite, 694 
Potassium oxide, 646 
Potassium permanganate, 389, 697 
Potassium peroxide, 649-650 
Potassium silicate, 696 
Potassiurn sulphate, 691 
Potassium sulphide, 693 
Potentiostat, 367-368 
Potentiostatic technique, 70 
Pourbaix's diagrams, 55- 59 
Precipitate free zone (PFZ), 201 , 212 
Precursors, 407 
Predictive approach, corrosion in atmospheres, 

565- 566 
Priming, 239 
Probability of pitting, 178-179 
Propane, 701 
Propeller shaft, 297 
Propionaldehyde, 734 
Propionates, 747 
Propionie acid, 741 
Propionie anhydride, 745 
Propionyl chloride, 715 
Propyl alcohol, 719 
Propyl benzoate, 750 
Propyl chloroformate, 716 
Propyl ether, 722 
Propyl rnercaptan, 723 
Propyl methacrylate, 749 
Propyl vinyl ether, 722 
Propylamine, 728 
Propylene, 702 
Propylene chloride, 796 
Propylene glycol , 721 
Protection againsi corrosion, 383-443 
Protection potential of aluminium, 72, 72f, 73f 
Pseudoboehmite, l 04 
Pyridine, 753 
Pyrocatechol, 725 
Pyrogallol , 725 
Pyrovanadates, 398 
Pyruvic aldehyde, 734 



Q 
QUALICOAT label, 147 
Quench rate, 332-333, 333f, 492, 511 
Quenching, 31 
Quicklime, 661 
Quinine, 753 
Quinoline, 753 
Quinone, 735 

R 
Radiators. See Automotive heat exchangers 
Rainwater, 548-549 
Reference electrodes, 75-76, 76t 
Reftectivity, 7-8, 8f 
Relative humidity (RH), 257-258, 546- 548, 5471 
Representativity of corrosion test methods, 363-365 
Resoreinol, 725 
Retrogression re-aging treatment (RRA), 202, 335, 510, 512 
Rheocasting, 529 
Rieinoleic aeid, 743 
Rinsing, 785 
Rotalin g S tri p Eleetrode method (RSE method), I 00- 1 O l 
Rubber, extruded produets eontaets with, 259 

s 
S-phase, 139, 456 

dealloying, 139-140 
Saeńfieial anodes, 425 
Saint-Clair Deville proeess, 4 
Salieylie aeid, 744 
Sa1ieylie aldehyde, 734-735 
Salinity of seawater, 623-624 
Salt(s), 684-685 

of fatty aeids, 747-748 
of heavy metals, 685 
of organie aeids, 746-748 
spray, 300-301 , 361 

Sand blasting, 318, 785-786 
Sand easting, 23 
Saturated ealomel e1eetrode (SCE), 76 
Saturated earboxylie aeids, 738-742 
Scalping of billets and ingots, 259 
Seandium, 148, 473, 507 
Seanni.ng Kelvin probe Foree microseope (SKPFM), 86, 132 
Sealing of anodie layers, 403-405 
Seawater, 594, 621-637 
Secondary amines, 727 
Selenie acid, 672 
Semi-products diversity, 14 
'Setni-solid metal ' casting processes, 529 
Ship superstructures, 23 

Shipbuilding, 632-633 
Shoot peening, 226, 227f 
Short term weathering, 401 
Short traverse direetion (ST), 507-509 
Silane coatings, 409-411 
Siliea-based sol-gels, 407 
Silieates, 420-421, 696 
Silicon, 19, 485, 487, 525, 528, 654 
Silieon alkoxides, 407 
Silieon tetraehloride, 656- 657 
Silver nitrate, 694 
Silver oxide, 647 
Slow strain rate (SSR), 222, 228-229 
Sludge, 299 
Sodium arsenale, 695 
Sodium carbonate, 660-661 , 695, 784 
Sodium chloride, 604, 639, 687-688 
Sodium chromate, 697 
Sodium eyanide, 696-697 
Sodium diehromate, 697 
Sodium ferricyanide, 697 
Sodium ftuoride, 686 
Sodium ftuorosilicate, 686 
Sodium hydroxide, 646, 659, 784, 796 
Sodium hyposulphate. See Sodium thiosulphate 
Sodium metavanadate, 398 
Sodium modifieation, 531 
Sodium nitrate, 693-694 
Sodium oxide, 646 
Sodium perborate, 696 
Sodium permanganate, 697 
Sodium peroxide, 649-650 
Sodium polysulphide, 693 
Sodium propionate, 747 
Sodium silieate, 421, 660-661 , 728 
Sodium stearate, 747 
Sodium su1phate, 639, 691 
Sodium sulphide, 693 
Sodium sulphonates, 723 
Sodium tetraborate, 696 
Sodium thiosu1phate, 692 
Sodium trichloroacetate, 715, 748 
Soft temper, 18 
Softening, 26-28 
Soi!, corrosion in , 757-761 
Sol-gel eoatings, 406-409 
Solid fertilizers, 768 
Solution heat treatment, 510 
Solutionizing holding time, 460 
Spin-eoating, 408 
Spray coating, 408 
Stainless steel , 307, 640 



Standard potentials. See Open Circuit Potentials (OCP) 
aluminium, 67, 68f 
galvanic series, 66, 67t 
measurements, 65 
of metals, 64, 64f, 66f 

Standardization of corrosion tests, 375 
Standardized typology of atmospheres, 561-565 

classes of atmospheric corrosivity, 564t 
exposure duration to humidity, 563t 
influence of starring season of testing, 565t 
ISO standards conceming atmospheric corrosion on 

metals, 563t 
Stearate, 747 
Stearic acid, 743 
Stearyl alcohol. See Octadecyl alcohol 
Strain hardening, 336 
Strain-hardenable alloys, 25-29, 37 
Strain-hardened temper, 18 
Stray currents, 763, 773-774. See also Alternating currents 
Stress corrosion cracldng (SCC), 209- 235 

corrosion fatigue and stress corrosion, 237-238 
crack propagation mode, 221 , 215-223, 223f, 224f, 

238- 239 
hydrogen embrittlement, 201 , 215-223, 223f, 224f, 225f, 

238-239 
laboratory stress corrosion tests, 365, 376t 
mechanism of stress corrosion, 200f, 211-215, 2llf, 213f, 

214f, 216f, 217f, 218, 219f 
pararneters, 223-224, 224f, 225f 
prevention of stress corrosion, 225-226, 226f 
sensitivity 

of aluminiurn alloys, 229-230, 230t 
of 2XXX series alloys, 461 
of SXXX series alloys, 481-482 
of ?XXX series alloys without copper, 502 
of ?XXX series alloys with copper, 509, 509t 
of alurniniium-lithiulm, 522- 523, 522f 
measuring of sentivity, 226-229, 228f, 229f 

Strontiurn, 148, 531 
Strontium perox.ide, 649- 650 
Styrene, 702 
Submerged structures in galvanic corrosion, 305 
Succinic acid, 744 
Succinic anhydride, 746 
Suifury l chloride, 650 
Sulphamates, 697 
Sulphamic acid, 671-672, 691-692 
Sulphates, 318, 603-604, 731 

influence of sulphate concentration on corrosion in 
water, 604 

Sulphides, 654-655, 692-693 
Sulphites, 692 

Sulphocetyl alcohol, 720 
Sulphocyanates, 697 
Sulpholauryl alcohol, 720 
Sulphonic acids, 723 
Sulphostearyl alcohol , 720 
Sulphur, 654 
Sulphur dioxide, 545, 552-554, 586, 597-598, 648, 

663-664 
Sulphur hexafluoride, 655 
Sulphuric acid, 298, 670, 670t, 796 

anodizing, 398-401 
Su1phuric anhydride, 648 
Sulphurous acid, 648 
Super purity aluminium, 328 
Superficial micropitting, 576 
Superphosphates, 767 

T 
Tafel lines, 369-370 
Talc, 696 
Tannic acid, 744 
Tantalurn, 148 
Tap water, 284 
Tamishing, 292, 572 
Tartarle acid, 744 
T s interrnetallics, 518 
Ternper 

H2X, 37 
influence on open circuit potential (OCP), 83 
ternper F, 23t 
ternper H IX. See Strain-hardened temper 
ternper H 12, 37 
ternper H 14, 37 
ternper HI6, 37 
temper Hill , 37, 663 
ternper O, 23t, 37 
ternper T!, 23t 
ternper T4, 23t, 454 
ternper T451 , 454 
ternper TS, 23t 
ternper T6, 23t, 519 
temper T64, 23t 
temper T7, 23t 
temper T73, 335 
ternper T8, 455-456, 519 

Temperature, influence on 
corrosion of aluminium, 327 
corrosion in sea water, 625 
corrosion in water, 608-612 
filiform corrosion, 258 
formarion of boehmite, 386-390 



Temperature, influence on (Continued) 
galvanic corrosion, 304 
weathering, 552 

Terephthalic aldehyde, 734-735 
Terphenyls, 703 
Tertiary amines, 727 
Tetraborates, 696 
Tetrachloroethane, 712, 796 
Tetrachloroethylene, 712, 796 
Tetradecyl alcohol, 719 
Tetraethoxysilane (TEOS), 409 
Tetraethyl Iead, 748 
Tetramethoxysilane (TMOS), 409 
Thermal conductivity, 13, 283, 787, 788f-789f 
Thermomechanically affected zone (TMAZ), 341-342 
Thioalcohols, 723 
Thiocyanates, 697 
Thiodiglycol, 723 
Thioethers, 723 
Thioglycolate, 421 
Thioglycolic acid, 744-745 
Thiols, 718, 723- 724 
Thionyl chloride, 650 
Thiophene, 753 
Thixocasting, 529 
Thixoforrning process, 530 
Time-accelerated tests, 363-364 
Tin, 82, 149 
Tin acetate, 747 
Titanium, 19, 149, 307 
Titanium-zirconium conversion coatings, 396-397 
Toluene, 702 
Toluene aldehyde, 734-735 
Toluic acid, 744 
Toluidine, 729 
Tosylic acid. See Paratoluene sulphonic acid 
Traduction, 273, 274 
Transgranular corrosion, 185 
Transition joints, 311 
Trapped water, 685 
Triacetalglycerols, 750 
Trialcohol, 722 
Tribocorrosion, 273, 276 
Tributylamine, 728 
Trichloroacetic acid, 715, 796 
Trich1orobenzene, 714 
Trichloroethane, 712 
Trichloroethylene, 712, 796 
Tridecylaldehyde, 734 
Triethanolamine, 728 

Triethanolamine-based sealing solutions, 404 
Trimethylamine, 728 
Trivalent chromiurn conversion, 392, 393f 
Tungstates, 421 
Twin roll casting (TRC), 324, 328-331, 329f 
Types of IGC, 192t 

u 
U1timate tensile strength (UTS), 29t 
Ultramicrotomy, 93 
Unalloyed aluminium, 7, 7t, 13, 22, 447 
Unalloyed metals, 17 
Unalloyed stee1, 306 
Undecylaldehyde, 734 
Uniform corrosion, 159-162, 569 
Unsaturated carboxy1ic acids, 743 
Unsaturated dicarboxylic acids, 744 
Uranium hexafluoride, 686 
Urban wastewater, 640, 640t 
Urea, 664 

V 
Va1era1dehyde, 734 
Valeric anhydride, 746 
Vanadates, 398, 409, 421 
Vanillic acid, 744 
Vanillic aldehyde, 734-735 
Vani1lin. See Vanillic aldehyde 
Veda1, 414 
V eratri c aldehyde, 734-735 
Veratryl alcohol, 720 
Vinyl chloride, 713 
Vinyl chloroacetate, 7 I 6 
Vinyl ether, 722 
Vinyl ethyl ether, 722 
Vinyl isobutyl ether, 722 
Vinyl methyl ether, 722 
Vinyl trichloride, 796 
Vitarnin C. See Ascorbic acid 
Volatile organie compounds, 556 
Volta potential, 85-86, 92, 133, 251 

w 
Wagner and Traud's theory, 75 
Wastewaters, 594, 639-640 
W a ter 

analysi s, 596-598 
calcium concentration, 604 
effect on aluminium, 603-608 



high purity, 594 
irrigation and conveyance of, 616 
oxide film gtowth in, l 03-1 04 
quenching, 492 
soluble salts, 695 

Water line corrosion, 279- 280, 280f 
Water staining, 572-574 
Waxes, 750 
Weathering, 401, 542, 586 
Wedging effect, 201 , 202f 
Weight loss, 367, 579 
Weir b1ades, 640 
Welding metal inert gas, 338 
Welding tungsten inert gas, 338 
Wet concrete, 773 
Wet corrosion, 704 
White zone, 501 
Wireon Bolt test, 301f, 566-567, 301 
Wóhler's process, 4 
Wood, 775 
Wrought aluminium alloys, 19 

age-hardenable aUoys, 29-33 
long-term weathering resistance of, 580-583 
series, 20t, 25- 34 
strain-hardenable aUoys, 25-29 
weathering resistance of, 578-580 

X 
X-ray spectroscopy, 93 
Xenon, 651 
Xerogel(s), 409 
Xylene, 702 
Xylenols, 720, 725 

Y 
Young 's modulus, 789-790, 789f 
Ytterbium, 147 

z 
Zinc, 82, 150, 415, 564 
Zinc acetate, 747 
Zinc arsenale, 695 
Zinc chloride, 689 
Zinc chromate, 697 
Zinc hydroxide, 299 
Zinc nitrate, 694 
Zinc propionate, 747 
Zinc stearate, 747 
Zinc sulphate, 691 
Zirconium, 19, 150, 409 
Zirconium tetrabutoxide, 407 
Zooglea, 291 , 626 




