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1. IHTRODUCTTON 

The Specialists' Meeting on "High Temperature Metallic Materials 
for Application in Gas-Cooled Reactors'* was held at the Headquarters 
of the International Atomic Energy Agency (IAEA) in Vienna, Austria, 
4-6th May, 1981. 

The meeting was sponsored by the IAEA on the recommendation of 
the International Working Group on Gas-Cooled Reactors (IWGGCR) and 
hosted by the Austrian Research Centre Seibersdorf. 

The meeting was attended by 36 participants from Austria, Belgium, 
France, Federal Republic of Germany, Japan, Poland, Switzerland, United 
Kingdom of Great Britain and northern Ireland, Union of Soviet Socialist 
Republics, the United States of America and the IAEA* 

The purpose of the meeting was to provide a forum for exchange of 
technical information on primary and secondary circuit materials in 
gas-cooled power reactors in order to achieve a comprehensive view of 
the present status and of directions for future development and applica
tion. 

The meeting was opened by Mr. Laue, who welcomed the participants 
on behalf of the IAEA and by its chairman, Mr. Koss, on behalf of the 
Austrian Research Centre Seibersdorf* 

The technical part of the meeting was divided into five topical 
sessions: 

A) Overview of Programmes 
B) Microstructural Studies 
C) Corrosion 
D) Mechanical Properties 
E) Interaction of Materials Properties and Design 

During the meeting papers were presented by the participants 
on behalf of their countries. Each presentation *as followed by an 
open discussion on the general area covered by the paper. After the 
formal presentations were completed a round table discussion was 
held at the end of the meeting. 

A list of participants and the agenda of the meeting are given 
as appendices to this report. The papers of the meeting are published 
by the Austrian Research Otntre Seibersdorf with the reference number: 
OEFZ BER No.4086 MB-213/81, May 198l. 



2. SUMMARY AHD COHCLUSIONS 

2A* Session I: Overview of Programmes 

Chairman: P. KOBE 

This Session covered overviews of current programmes for the develop
ment of high temperature materials in Japan, the Federal Republic of 
Germany and the United States of America* 

Mr* Kondo presented the state of research and development on high 
temperature materials in Japan* Results were given for both the first 
generation of materials for the short term plans and also for the newly 
developed super-alloys which will be used for subsequent heat-utilization 
plants, lhe necessity of establishing reasonable common standard methods 
for conducting tests under well defined environmental conditions was under
lined* 

lhe German R & D effort in the high temperature field was described by 
Mr* Konsau* He showed the structure of the funding system in the 
Federal Republic of Germany for two of the main lines of HTR-development, 
the demonstration plant THTft-vJOO, being a pebble bed reactor for power 
generation, and the prototype plant for generation of nuclear process 
heat (PUP)* 

The overview of American programmes was given in two papers by Mr* Frank 
of General Electric and Mr* Roberts of General Atomic Company* The pro
gramme scope at General Electric was discussed, including the test pro
gramme, the candidate materials being evaluated and the test facilities* 
Particular emphasis was laid on the technical description of the test 
equipment and simulated HTGR-helium purification, analysis and distribu
tion systems* The General Atomic Company programme was complementary to 
HTGR materials programmes at General Electric Company and Oak Ridge 
National Laboratory and included work on ceramic and metallic materials* 
The work on metals covered determination of creep and creep-fatigue thermal 
aging, friction and properties of welds in several high-temperature alloys* 
The status of these works was reviewed by Mr* Roberts and future directions 
highlighted. 



2B Session II: Microstructural Studies 
Chairman: L. W. Graham 

Four papers were presented in the session dealing with various aspects 
of microstructural studies. 

In the first paper Mr* Degischer described work on the correlation 
of mechanical properties of Alloy 800 and Alloy 802 with the 
structure after various annealing treatments. The main effect 
noted was a time/temperature dependent precipitation of M_,Cg 
occurring throughout the range investigated (800-1000 C) at short 
annealing times(r-'lOO hours at 800 and 900 C) this precipitation 
caused a strengthening* Overaging, resulting in a comparative 
reduction in the strength occurred with longer annealing times. 
The aging process is so rapid at 1000 C that overaging had already 
occurred during a six hour annealing treatment. 

The second paper presented by Mr. Glownia concerned the morphology 
of y-precipitates in single crystals of Ni base alloys and was part 
of the early development work on the manufacture and performance of 
improved turbine components. Single crystals containing y'-precipi
tates were successfully grown and the influence of their size and 
morphology on creep behaviour was investigated. This mark showed that 
there was a relation between the rupture life and the size of the r , 

fine precipitates giving a higher rupture life. Ihe nature of the 
precipitation could be controlled by adjusting the solidification 
process. 

Mr. Golczewski presented the third paper, which dealt with the influence 
of material structure on hydrogen transport in twoaqpl*s of Alloy 800. 
It was shown that the transport of hydrogen through a metal lattice 
could be described by a diffusion process in combination with a trapp
ing mechanism. Analysis of the possible mechanism of trapping suggest
ed that the traps were of the non-saturable type. However, although a 
large difference between the rates of transport of hydrogen through 
the two specimens was observed, it was not possible to correlate 
this with any early identified microstructural feature. However, it 
was noted that the sample exhibiting the slowest transport rate 
possessed a much larger grain size. In discussion it was suggested 
that a possible explanation for the trapping was the presence of Ti 



in solution which could form a Ti-H bond. The different'behaviour 
could then be explained by different levels of Ti in solution 
caused by different heat-treatments. 

Hydrogen tritium transport was also the subject of the last paper 
in the session, presented by Mr. Hecker. In this case, however, 
the subject of the work was to summarise the work on the influence 
of surface oxides on the permeation of tritium through components 
such as the intermediate heat exchanger and the reformer tube. 
Although the detailed mechanisms are not understood it has been 
established that large reduction in tritium permeation by in-situ 
grown oxide scales were achieved. 

3C. Session III: Corrosion 
Chairman: T. Kondo 

Pour papers covered the subjects of surface reactions and the changes 
of microstructure and dimension due mainly to the associated inter-
facial material transports, all being concerned with HTGR applica
tions. Two other papers contributed the topics of protective 
surface coatings for HTGR and AGR applications. 

Exposure tests of specimens of a large number of commercial alloys 
and ten experimental Ni-20Cr alloys to HTGR helium at 750, 850 and 

o 950 C for up to 3000 hours have yielded widely varied behaviours in 
terms of the effects of minor alloy constituents and temperature. 
A trend for maximum carburization was noted at 950 C. Elements such 
as Si, Nb and T were found to promote the formation of a protective 
oxide film, with the exception of Y which was deleterious at 950 C. 

Through 10 hour exposure tests of Incoloy 800H, Inconel 617 and 
Hastelloy X to HTGR helium of varied oxidizing potential in a temper
ature range of 649 to 1000 C, an increase of carburization was observ
ed with decreasing oxidizing potential. These results were interpreted 
in terms of the kinetic effect in the formation of the protective 
oxide films. 



Severe downstream effects occurred in the tests with relatively low 
helium volume flow rates* These were interpreted as the results of 
depletion in the impurities from helium. Depletion of water was 
pointed out to be most significant in causing xhe observed difficulty 
of protective oxide film formation, which was recognized as an effect
ive barrier to carburization. Unfavourable ratio of CH„/H_0 or 

4 2 
CO/H„0 respectively was proposed to be most responsible for the occur
ence of carburization or decarburization at very high temperatures, 
while both ratios were expected to be more favourable in the higher 
temperature process heat systems* 
The carbon concentration gradient formed during exposure of Hastelloy X 
and Incoloy 800 H to a strongly carburizing HTGR helium was shown to 
cause "zero-stress creep" of up to almost 1$ at 1000 C depending on 
the degrees of carbon pick-up and the gradient formation* 
Discussions have led to a consensus on the importance of carefully 
controlling and maintaining the helium chemistry at the test sections 
as well as of specifying the impurity specifications* 

The performance of various types of metallurgical coatings for combat
ing friction, adhesion and corrosion in HTGR environments were 
extensively evaluated* Some promising aspects were established based 
on the observed performances of the coatings with ZKL and TiC in the 
tests at 950 C up to 3000 hour duration. 

In the simulated AGR C0 2 coolant at 325 C, the developed CVD silica and 
thin dense sol-gel ceria coatings demonstrated the protection of 

4 20Cr-25Ni-flb stabilized stainless steel for durations up to 1.5 x 10 
hours even under some accelerated test conditions. 

2D. Session IV: Mechanical Properties 
Chairman: P. Schubert 

The feasibility of a high temperature gas cooled reactor system to 
supply either electricity or process heat is very dependent on the 
status of qualification of candidate materials. A major part of the 
qualification is the evaluation of mechanical properties at applica
tion temperatures in simulated HTR-environments and with therrao-
mechanical exposure histories. For high temperature applications 



the time dependent properties such as creep and fatigue in as-
received and end-of-life conditions are of prime importance but 
the properties of the interaction of mechanical properties, 
corrosion effects and creep-fatigue interactions must also be 
considered. 

Results on these topics were reported during this session for the 
following alloy applications: 

direct cycle HTR-eystem: For the turbine blade materials 
IS 713 LC and 7ZM and the sheet materials NIMONIC 86, 
INCONEL 617, INCONEL 625. 

steam cycle HTR-system: For the materials DTCOHEL 800 H, 
Chromesco, HASTELLOY X, HASIELLOY S, INCONEL 617. 

for process heat HTR: the materials UTCOLOY 800 H and 
INCOWEL 617. 

The status of the work presented in this session demonstrates a 
significant advance in the knowledge of the mechanical behaviour 
of materials for these applications and may be a good basis for the 
evaluation of design data. 

There seemed to be no serious effect of HlH-environments on creep-
rupture properties and small beneficial effect on fatigue life. 
The problems of loss of ductility due to thermal overaging and due 
to simulated exposure in HlR-environments stimulated the discussion 
on new concepts for toughness characterization. It was proposed that 
the J -value as criterion for toughness be used. Whereas the evalua
tion of data for creep, fatigue and post-exposure properties has 
reached an advanced stage, the problems of cracV-propagation and 
toughness are not yet sufficiently understood for the derivation 
of a criterion for the feasibility of a high temperature component 
in an HlR-plant. 

2E. Session V: Interaction of Materials Properties & Design 
Chairman: D. I. Roberts 

The two papers presented in the session both dealt with the influ
ence of materials properties data on design at temperatures in the 
creep region where time dependent behaviour must be considered. 
One of the papers reviewed in depth possible methods of dealing, 
in design, with creep, rupture, creep-fatigue interaction, and 
multiaxiality effect in metals of the type that may be used in a 

helium to helium heat exchanger. The review included a discussion 



r 
of the importance of the extrapolation methods chosen to make the 
required assessment of long-time behaviour based upon the existing 
shorter time experimental results. It was noted, in this presenta
tion, that in German practice an extrapolation factor of three on 
time is all that is normally permitted* This discussion also drew 
attention to the difficulty of defining the onset of tertiary creep 
in alloys at very high temperatures (thus making the application of 
this criterion, employed in Code Case N47, very difficult). The 
importance of geometry and multiaxiality effects on stress distribu
tion in real- components was also noted. Overall the review con
cluded that design of components for operation at 930 C for 30,000 hrs 
should be feasible. 

The second paper, after an initial discussion of the properties that 
are important in high temperature design, placed emphasis upon some 
of the other aspects of materials behaviour that can influence design 
and construction codes. It was noted, for example, that it is often 
necessary to cold form parts of elevated temperature components and the 
influence of the residual cold work and stresses must be duly consider
ed in the design process. Some materials exhibit serious alteration 
of creep and rupture properties, including loss of ductility and occasion
al reduction in life as a result of cold work. Thus increasing atten
tion is being directed to the need to heat treat cold formed parts 
prior to elevated temperatures service. Welds constitute another point 
of structural, and sometimes chemical, change in a material and it is 
now well known that proper filler metal and weld process selection are 
important if high temperature base metal properties are to be met by 
welds. Similarly it was noted that interaction with the environment 
could reduce material toughness thereby requiring design consideration 
of the behaviour of relatively brittle structures. 

In the ensuing discussion of these papers it was noted by many participants 
that the interaction of material property assessments with design and 
construction rules was an area of great importance which should, perhaps, 
be subjected to more detailed review at future meetings. 



2F* Session VI: Round Table Discussion 
Chairman: D. I. Roberts 

On the afternoon of 5/6/81, following the completion of all formal 
technical presentations at the specialists' meeting, a round table 
discussion was held. The session format was informal and discussions 
ranged over a wide variety of subjects* Some of the key topics covered 
were as follows: 

(1) Design With Low Toughness Structures 

Several delegates expressed the view that, in assessing the effects 
of thermal aging, carburization and other embrittling effects on 
materials the use of room temperature Charpy impacts tests was not 
valid from the design stand-point* The view, here, was that while 
Charpy tests are useful as a materials screening test, they are not 
pertinent to design because 

(a) HTR components are not normally subject to high strain 
rate (impact) loading events, and 

(b) HTR components are not normally stressed at ambient 
temperature* Applied stresses are most significant 
at elevated temperature where material toughness may be 
much improved. 

The general view was that loss of material toughness should be assess
ed, where possible, through the use of fracture mechanics analyses that 
recognize stress levels, flaw sizes and material toughness at pertinent 
temperatures* 

(2) The Influence of HTGR Helium on Properties of Materials 

This subject produced a lively debate from which some concurrence and 
some points of difference emerged. In general, there seemed to be 
broad agreement on the following points: 

(a) "both carburization and decarburization can be observed 
in laboratory experiments evaluating the effects of 
simulated HTR helium or candidate wrought alloys* 

(b) which phenomenon is observed in a function of helium 
chemistry and exposure temperature* 



(c) if either of these phenomena are allowed to occur 
in an unrestricted fashion the utility of engi
neering materials may be seriously restricted* 

Differences of opinion centered upon the degree to which environ
mental interactions posed a real problem and what mitigating 
measures were appropriate* Some delegates expressed the view 
that environmental interactions were not as important as some 
laboratory experiments indicated because, in a real reactor, the 
helium environment would be more benign than in some laboratory 
experiments* This view held that the chemical nature of an HTO 
under such conditions would never be decarburizing* It also held 
that water levels would be high enough and methane levels low enough 
that 00 would be the dominant carburizing species* Since 03 inter
action produces oxide and carbide simultaneously it is further 
argued that CO-induced carburization will only occur to a limited 
depth and then essentially slip* 

The alternate view was that we cannot rely upon the obtainment of 
a benign environment and that emphasis should be placed on taking 
engineering actions to mitigate interaction consequences* In this 
view the possibility of carburization and decarburization should be 
recognized and protective actions taken including the use of coatings 
and the development of resistant alloys* 

During the discussion of this topic the question was raised as to 
whether sufficient benefit is being derived from review of the 
histories of the primary coolant environment in past and current
ly operating gas cooled reactors* The view was also expressed that 
an overall review of the primary coolant gas chemistries to be 
expected in HTR should be undertaken and an attempt made to develop 
an international consensus on this issue* 

(3) Other Issues 

There was some discussion of the general difficulties involv
ed in life prediction in elevated temperature components* Thia is 
believed to result from the variability of materials properties, the 
impact of environmental interactions and the loss of toughness that 
occurs in most alloys as a result of aging and other degradation 
processes* 



The importance of non-destructive examination methods 
was noted - with particular emphasis on the impact of material 
selection on HDE feasibility (e.g. coarse grained cast alloys 
are difficult to examine using ultrasonic techniques). 

Overall Conclusions 

While no clear consensus regarding overall conclusions emerged, 
some delegates expressed the view that we currently know enough 
to build a 950 0 HTR plant provided the hottest components are 
designed for a fairly short lifetime (30,000 hrs) and rigorous 
in-service-inspection procedures are employed. Others expressed 
the view that the construction of such a plant was highly desirable 
in order to allow the HTR programme to find out what the key 
problems and conditions of a real plant are as opposed to trying 
to deduce all the problems in advance on the basis of theory and 
laboratory experiments. 
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