
FOREWORD 

The 5th International Symposium on High Temperature Corrosion and Protection of Materials, 
attended by nearly 150 participants, from twenty one nations, was held at Les Embiez, France, May 
22-26, 2000. This truly international meeting, fifth of a series of Colloquia devoted to 
environmental behavior of materials and coatings in aggressive environments, continues to 
demonstrate the strong technical interest and importance of the subject matter, which is of vital 
economic concern for the transportation, energy generation, and chemical processing industries in 
the developing as well as the developed nations of the world. The dual thrusts of conservation of 
resources and protection of the environment again have strongly influenced the tone of the technical 
submissions and thus reflect a world wide concern. 

These Proceedings contain 110 contributions, by 300 authors, selected from the nearly 150 papers 
presented during the meeting. The fonnat of this fifth volume in the series of Proceedings entitled 
"HIGH TEMPERATURE CORROSION 1-5", unlike volume 4, returns to the usual and classical 
presentation of papers following the series of themes we followed in the first volumes of the series. 
This has resulted in the following chapters of the Proceedings. 

• Plenary Lectures (5) 
• Section (A) : Fundamental Aspects of High-Temperature Corrosion (22 papers) 
• Section (8) : Investigations of Alumina and Chromia Formers (13) 
• Section (C): High-Temperature Corrosion of Ceramics and Composites (8) 
• Section (D) : Spalling and Mechanical Aspects of High-Temperature Corrosion ( 16) 
• Section (E): What's Going on, in Coatings and TBCs? (24) 
• Section (F) : Elaboration Methods and Experimental Techniques (11) 
• Section (G): Service Behavior and High-Temperature Corrosion in Complex Environments. 

Modeling (1 I) 
• 
A plenary session convened the participants with seven Plenary Lectures (respectively on "The 
Future for High-Temperature Materials and Coatings in the New Millennium"; "Impurity 
Segregation to Scale/Alloy Interfaces and its Effect on lnterfacial Properties"; "High Temperature 
Oxidation Kinetics of Non-Oxide Monolithic and Particulate Composite Ceramics"; "Carbon
lnduced Corrosion of Metals and Alloys"; " Interactions between oxidation and deformation at high 
temperature"; "Practical Aspects of the Reactive Element Effect"; and "Protection of Materials at 
High Temperature. What's Beyond Coatings"), which set the tone and focal point of the subsequent 
sessions that were all introduced by two or more keynote lectures highlighting special topics in each 
session and presented by well recognized experts in the topical area. Except for these lectures, all 
the contributions were presented as nearly 130 posters. All of the papers chosen for the Proceedings 
were subject to thorough peer review by members of the Advisory and Executive Committees and 
confonn to the standards of "Materials Science Fonun". These Proceedings should serve as a basis 
to identifying future research directions in this technically important area. 
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AVANTPROPOS 

Le 5eme colloque international sur "La corrosion et la protection des materiaux a haute 
temperature" s'est deroule aux Embiez, France, du 22 au 26 mai 2000. Quelques 150 participants 
venant de 21 pays y ont participe. Ce congres veritablement international, cinquieme d'une serie de 
Colloques dedies a l'etude du comportement des materiaux et des revetements dans Jes 
environnements agressifs, a montre a nouveau le grand interet technique et l'impact economique des 
themes retenus, que ce soit dans le domaine des transports, dans Jes systemes producteurs d'energie 
ou dans l'industrie chimique. Les articles proposes refletent bien le fait que Jes recherches conduites 
dans ces domaines sont influencees par la double necessite de maitrise des ressources energetiques 
et de protection de l'enviro,mement. On le voit, ii s'agit de travaux interessant aussi bien les nations 
economiquement avancees que celles en voie de developpement. 
Ces Actes contiennent 1 IO articles, de 300 auteurs, selectionnes parmi pres de 150 communications 
proposees. La presentation de ce volume, le 5eme dans la serie des Actes intitules "HIGH 
TEMPERATURE CORROSION 1-5", contrairement au volume 4, revient a la presentation 
habituelle et plus classique des articles suivant la serie de themes que nous avions suivie dans les 
premiers volumes de cette serie. 
Ceci a conduit aux chapitres suivants pour ces Actes : 

• Conferences Plenieres (5) 
• Chapitre A : Aspects fondamentaux de la corrosion a haute temperature. (22 articles) 
• Chapitre B: Etudes des alumino et chromo fonneurs. (13) 
• Chapitre C : Corrosion a haute temperature des ceramiques et des composites. (8) 
• Chapitre D : Ecaillage et aspects mecaniques de la corrosion a haute temperature. (16) 
• Chapitre E: Quoi de neuf dans Jes revetements et Jes barrieres thenniques? (24) 
• Chapitre F : Methodes d'elaboration et techniques experimentales. (l l ) 
• Chapitre G : Comportement en service et corrosion a haute temperature 

dans les milieux complexes. Modelisation. (11) 

Sept conferences plenieres ont ete presentees portant respectivement sur "The Future for High
Temperature Materials and Coatings in the New Millennium"; "lmpurity Segregation to Scale/Alloy 
Interfaces and its Effect on Interfacial Properties"; "High Temperature Oxidation Kinetics of Non
Oxide Monolithic and Particulate Composite Ceramics"; "Carbon-Induced Corrosion of Metals and 
Alloys"; "Interactions between oxidation and deformation at high temperature", "Practical Aspects 
of the Reactive Element Effect"; "Protection of materials at high temperature. What's beyond 
coatings". Ces conferences ont pennis de bien positionner Jes travaux du colloque et leur repartition 
dans Jes Sessions qui ont suivi, et qui etaient toutes introduites par deux ou plusieurs exposes 
introductifs (Keynote lectures) mettant !'accent sur des sujets d'un interet particulier et presentes par 
un expert reconnu dans le theme correspondant. En dehors de ces conferences plenieres et exposes 
introductifs toutes Jes autres communications furent presentees sous fonne d'environ 130 affiches. 
Tous les articles de ces Actes ont ete minulieusement revus par des membres du Comite 
Scientifique International ou du Comite Technique afin, notammenl, de Jes adapter aux nonnes de la 
revue internationale "Materials Science Forum". Ces actes devraient constituer un ouvrage de 
reference pour determiner Jes directions dans lesquelles ii convient de faire porter Jes efforts de 
recherche pour ce domaine aux retombees industrielles importantes. 
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PREFACE 

This series of Symposia was initiated by Roland Streiff and John Stringer in recognition of the fact that, despite 
the long tradition of fine work in France on coatings for high-temperature alloys, there was very little 
interchange between investigators in France and the USA. The fom1at was based on the Gordon Research 
Conferences, and the location was chosen much as it was for those conferences: to be civilized but relatively 
remote from major attractions so as to encourage informal interactions among the participants. Although the 
scope of the topics discussed has broadened from the original focus on aerospace materials, the Symposia have 
remained close to the original intent, and also have developed their own particular character and traditions. It is 
especially pleasing that the proceedings of the Symposia are recognized as a valuable resource for this area. 

Scope and themes of this 5th Symposium 

The success of the four previous Symposia demonstrated the need for and the interest in a large international 
meeting permitting extensive and open discussions and exchanges on the various scientific and technical aspects 
of high-temperature degradation processes as well as protection of materials. This Symposium is now 
recognized as one of the premier events in the field, and the Symposium Proceedings serve as reference books 
for scientists involved in the use and development of materials at high temperatures and in aggressive 
environments. 

This "5th International Symposium on High-Temperature Corrosion and Protection of Materials", held at 
Les Embiez, May 22-26, 2000, provided a forum for an analysis of the state-of-the-art of corrosion and 
protection of materials at high temperatures, and of the industrial challenges sti ll to be overcome in terms of raw 
materials, energy resources, and economic needs before we enter the third millennium. The Symposium was 
devoted to all aspects of high-temperature degradation of materials resulting from the main actions of high
temperature, chemical, and mechanical environments. Specific topics were selected that included recent 
progress in high-temperature oxidation and corrosion, and their prevention, ranging from fundamental research 
to field experience. The technical papers were selected to consider the various aspects of high-temperature 
corrosion and their significance for practical systems, with the intent of helping to minimize the gap between 
scientific advances and the exploitation of this knowledge in industrial applications. 

The call for papers for the Symposium suggested the following topic areas: 

advances in oxidation and corrosion mechanisms and modeling, including reactive element effects, sulfur 
and minor addition effects 

advances in the development of experimental methods useful in the study of oxidation and corrosion 
mechanisms; initial stages of scale growth and degradation; in-situ monitoring of corrosion damage 

interaction between oxidation or corrosion and mechanical stress or damage, including erosion, wear and 
modeli.ng/prediction of material durability 

protection against oxidation or corrosion via surface treatments, protective coatings, and interactions 
between coatings and their substrates 

development ofthennal barrier coatings (TBCs) including TBC properties, ceramic/bond coating adhesion, 
bond coating oxidation, lifetime modeling 

different classes of materials: metals and alloys; intem1etallics; ceramics and composites; multiphase 
materials ... 



aggressive environments, ranging from relatively simple oxidizing, sulfidizing, nitriding or carbonizing 
atmospheres, to more complex or unusual atmospheres or environments such as molten salts, liquid metals, 
and glasses 

field experience from service behavior in complex systems such as power plants, waste incinerators, 
chemical reactors; 

data banks, expert systems . .. 

Once again the response to the call for papers was quite encouraging. More than 160 abstracts, coming from 23 
countries, were received of which 158 were accepted by the Program Committee and about 150 were actually 
presented during the meeting. It is remarkable to note that, besides of the "institutional" groups of authors from 
the countries of the initiators of the Symposium, i.e. France (37 abstracts) and USA (23), or from countries that 
have a long and strong tradition in high-temperature corrosion research, such as Germany (15), UK ( 12), Japan 
(5), China (5), Poland or Italy, the audience of the Symposium has broadened to countries such as Belgium, 
Brazil, Finland, India, Israel, Morocco, New Zealand, Spain, Sweden, Russia and Ukraine in which studies in 
high-temperature corrosion are only emerging and being organized. We were especially pleased by the great 
number of joint abstracts submitted by authors coming from laboratories located in two different countries; such 
as France/Italy; USA/Gern1any; USA/UK, France/Gennany, France/India, New Zealand/Netherlands, 
Spain/Germany, Italy/China or China/New Zealand, since we know that a number of these were initiated by 
contacts that occurred during former Symposia at les Embiez. This result of the series of International 
Symposium on High-Temperature Corrosion is particularly rewarding for the initiators of this meeting. 

Following a now well-established tradition, this Symposium breaks with the format in use in most international 
conferences in that the bulk of the papers were presented during afternoon poster sessions in order to promote 
more extensive discussion of the topics raised and more interaction among all the participants. Seven major 
topic areas were identi tied from the submitted papers, and each of these was organized into integrated sessions 
with introductory overview/plenary lectures where appropriate, and keynote papers to highlight recent 
developments, which led into the themed poster sessions. The topic areas of these sessions were: 

A) Fu11dame11tal Aspects of High-Temperature Corrosio11, in which two plenary lectures, three keynote 
papers, and 29 posters were presented. The interest was predominantly on the characterization of oxidation 
behavior (kinetics, morphologies), and there was considerable interest in water vapor effects. In contrast to 
earlier Symposia, there were only a few papers on hot corrosion, reactive element additions, mechanical 
effects, and carburization, possibly reflecting the maturity of the research in these areas. 

B) l11vestigatio11s of Alumi11a- a11d Clrromia-Formers involved a plenary lecture, two keynote papers, and 
twelve posters. These were almost equally divided among AliO3- and Cr2O3-forrners, and interest in water 
vapor effects was evident in the latter. 

C) High-Temperature Corrosio11 of Ceramics a11d Composites involved a plenary lecture, three keynote 
papers, and twelve posters that addressed the oxidation behavior (especially kinetics) of alwninides and 
ceramic-matrix composites (one paper on metal-matrix composites). There was particular interest in the 
effects of water vapor on the oxidation ofsilica-fonners. 

D) Spal/i11g a11d Mecha11ica/ Aspects of High-Temperature Corrosio11 consisted of three keynote papers and 
fourteen posters. These were equally divided among the effects of mechanical constraints on oxidation, 
thermal cycling effects (especially stress measurement), and erosion behavior. 

E) What's Goiltg 011 i11 Coati11gs a11d TBCs? The two plenary lectures, five keynote papers and 31 posters in 
this session attested to the continuing importance of this area. The predominant concern was with TBCs; 



other issues were the evaluation of coatings (weld overlay; them1al spray; pack processing; CVD; vacuum 
arc; electrospark; enameling; hot dipping) by numerous techniques, and coatings for Ti alloys. 

F) Elaboratio11 Methods a11d Experime11tal Tech11iq11es involved two keynote papers and twelve posters that 
discussed in situ techniques (XRD, AES, Raman); laser surface processing; electrochemical techniques; 
effects of processing; effects of experimental testing technique used; and test methods for scale adhesion. 

G) Service Behavior a11d High-Temperature Corrosio11 i11 Complex E11viro11111e11ts; Modeling consisted of 
one plenary lecture, two keynote papers, and sixteen posters. The major topics of interest were the 
corrosion of furnace wall tubes and superheaters in coal-fired boilers; the complex environments in 
gasification systems and waste incineration; metal dusting; and life prediction. 

[n reviewing opinions among the participants of the technical content of the Symposium, there was some 
sentiment expressed that there were fewer sessions than at previous Symposia that featured intense examination 
of the mechanistic aspects of a given topic, such as occurred with, for instance, the factors affecting scale 
spallation in Syn1posium IV, and more papers that presented results that lacked significant mechanistic 
explanation. If this was indeed the case, it was probably a reflection of the maturity of the mechanistic 
understanding in certain areas (or the very slow progress in taking the next step in understanding), and the 
influx of results from initial exploration of new areas of interest. 
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