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IEA WORKSHOP AND WORKING GROUP MEETING ON FERRITIC STEELS
JET Headquarters, Culham, UK

24-25 October 1996

Thursday 24 September 1995

08.20 Welcome and Introduction
Work on IEA Heats and Other Heats

08.30 K. Ehrlich “Summary of Milestone 2 of EU Program

09.30 A. Kohyama, “Summary of the Irradiation Data on JLF-1"

10.00 K. Shiba, “Current status of Round-Robin tests in Japan: Unirradiated and
Irradiated Results” :

10.30 ~ Break

10.45 D. S. Gelles, “Mixed-Mode Fracture Toughness in F82H”

11.15 A. Hishinuma, “Miscellaneous Results on F82H: Effects of Ti, N, Ta on Grain
Size, Vacuum Properties, etc.”

11.45 G. R. Odette, “An Integrated Approach to Assessing the Fracture Safe Margins of
Fusion Reactor Structures”

12.30 M. Horsten, “New Information on Irradiated Modified 9Cr-1Mo Steel”

13.00 Lunch

14.00 Tour of JET

Work on IEA Heats and Other Heats (Continued)

16.00 P. Spattig, “CRPP Data on Irradiation Programme in the PIREX Facility to 0.7
dpa/He: Effects on Radiation Hardening




16.30

17.00

17.30

18.00

A. Kohyama, “Recent Results on the Second Heat of JLF-1"

D. S. Gelles, “Recent Results on Impact Behavior of Irradiated Low Activation
Steels”

R. L. Klueh, “Summary of Tensile and Charpy Properties of Irradiated ORNL
Reduced-Activation Ferritic/Martensitic Steels”

Adjourn

Friday 25 October 1996

09.00

09.45

10.15

10.30

11.00

11.30

13.00

General Status of Fusion Materials Programs

W. Dietz: “Reorientation of the EU material programme

A. Hishinuma, "Present Status of JAERI Program on LAM Development"

Break

A. Kohyama, “Present Status and the Future Plan on JLF-1 and the Japanese
University Activities”

R. L. Klueh, “Status of U.S. Program

Discussions and Recommendations for Future Cooperation

Adjourn




REPORT OF THE IEA WORKSHOP/WORKING GROUP MEETING

ON FERRITIC/MARTENSITIC STEELS FOR FUSION

JET Headquarters, Culham, UK, 24-25 October 1996

R. L. Klueh
Executive Summary

An International Energy Agency (IEA) Working Group on Ferritic/Martensitic Steels for Fusion
Applications, consisting of researchers from Japan, the European Union, the United States, and
Switzerland, met at the headquarters of the Joint European Torus (JET), Culham, United
Kingdom, 24-25 October 1996. At the meeting, preliminary data generated on the large heats of
steel purchased for the IEA program and on other heats of steels were presented and discussed.
The second purpose of the meeting was to continue planning and coordinating the collaborative
test program in progress on reduced-activation ferritic/martensitic steels. The next meeting is
planned to be held in conjunction with the International Conference on Fusion Reactor Materials
(ICFRM-8) in Sendai, Japan, 23-31 October 1997.

Introduction

The IEA Working Group on Ferritic/Martensitic Steels for Fusion under the auspices of the IEA
Executive Committee for the Implementing Agreement on Fusion Materials met at JET
Headquarters, Culham, UK, 24-25 October 1996. Researchers from Japan (3), the European
Union (4), the United States (3), and Switzerland (1) participated. Russian Federation
participation was invited, but no one from there attended the meeting. The objective of the
Working Group is the establishment and coordination of an international collaborative test
program to determine the feasibility of using ferritic/martensitic steels for fusion.

This was the sixth meeting of the Working Group, which was formed as a result of a workshop on
ferritic/martensitic steels in Tokyo in October 1992. At the first meeting following the Tokyo
workshop, the Working Group developed specifications for large heats of reduced-activation-
steels and outlined a collaborative research program. Two 5-ton heats of the IEA-modified F82H
steel and two 1-ton heats of JLF-1 steel were produced, fabricated into plates, and distributed to
the participants of the collaboration. Subsequent meetings were used to plan a test program and
to coordinate the acquisition of the data needed to prove feasibility for the steels for fusion.

The Cutham meeting was a follow up to the meeting at Baden, Switzerland, 19-20 September
1995, at which the first data on the new large heats were presented; the Culham meeting was
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planned to expand on the review of data on the new heats, since the amount of data generated
was expected to increase during the following year. The meeting was also set to review the status
and future direction of the programs in Japan, Europe, and the United States in a continuing effort
to coordinate the collaborative program. Working Group members who participated in the meet-
ing and the meeting agenda are shown in the front of this report. '

Research and Development Activities .

The first day of the Culham meeting consisted of a workshop on research results obtained on the
large IEA heats of F82H and JLF-1 and research results on other ferritic/martensitic steels that
have an impact on the objective of the Working Group. A range of properties have been
examined for the large modified IEA heats of F82H and JLF-1 reduced-activation martensitic
steels. These presentations are discussed in the first section below, followed by a section
summarizing the work on other reduced-activation steels and non-reduced-activation steels.
Copies of handouts of viewgraphs used for the presentations are attached to this report.

Experimental Work on IEA Heats

K. Ehrlich reviewed the studies of nine institutes throughout Europe that had combined to
evaluate the homogeneity of chemical composition and mechanical properties of the plates from
the IEA F82H heat. The plates are homogeneous, with little variation in grain size, hardness, and
tensile properties through the thickness of the 7.5-and 15-mm plates produced from the large heat
(the 15-mm plate is slightly stronger than the 7.5-mm plate). Heat treatment characteristics were
determined for the steels in an effort to ascertain how optimum properties can be developed.
Included in these studies were determinations of austenitization and tempering behavior, and a
continuous cooling transformation diagram was determined. The properties of the IEA F82H steel
was compared with other reduced-activation steels and the MANET conventional Cr-Mo steel.
The IEA modified F82H heat had better Charpy properties than the MANET, but creep-rupture
strength and the yield and tensile strength below 500°C of the IEA F82H were slightly less than
those for the MANET. The ductility of the IEA F82H exceeded that for the MANET.

K. Shiba reported on the range of mechanical and physical properties planned and being carried
out on the modified IEA F82H heat by JAERI. The planned mechanical properties test matrix
includes tensile, creep, Charpy impact, fracture toughness (K, and J, ), fatigue, and hardness
tests. These properties are being determined on the as-heat treated base metal and on weldments;
tensile, Charpy impact, and fracture toughness data are also being determined on thermally aged
base metal and weldments. The following physical properties are also to be determined: density,
specific heat, thermal conductivity, thermal expansion, electrical conductivity, melting point,
Young’s modulus, Poisson’s ratio, and magnetic hysteresis. As the handouts show, much of this
characterization work has already been accomplished.
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Other JAERI studies on the modified F82H were presented by A. Hishinuma. These included
studies that showed the effect of tantalum and titanium on grain size and Charpy impact behavior.
There were also studies on radiochemical analysis of impurities in the steel, vacuum properties
(gas desorption), and corrosion behavior in high-temperature water. The corrosion tests were at
250 and 280°C and showed the effect of dissolved oxygen on the behavior. (A European paper
on this subject presented by M. Maday/ENEA during the recent SOFT conference was
transmitted to Dr. Shiba in accordance with an action item of the previous working group
meeting.)

D. S. Gelles reported on mixed-mode fracture toughness of the modified IEA F82H and
compared the results with previous results reported on in Baden on a small heat of F82H with a
different heat treatment that he The previous results indicated that there was an effect of crack
angle, and the toughness in the mixed mode is less than for either Mode I or Mode III. The IEA
heat gave similar results for Mode I fracture toughness tests, but there were differences for
mixed-mode I/III for the two materials. Tests are continuing to determine the cause of the
differences.

P. Spatig reported on a program to study the effect of helium on the properties of the IEA F82H.
To determine hardening effects, helium is to be injected into tensile specimens in either the PIREX
facility in Switzerland or the duel-ion beam in Karlsruhe. For comparison, pre-injected specimens
will be irradiated in the Studvik reactor in Sweden. Specimens irradiated in PIREX have been
tested, and specimens are presently being irradiated in the Studvik reactor. Spatig also discussed

~ studies under way to determine activation volumes for irradiated specimens using stress relaxation
tests.

A. Kohyama reported on the extensive studies of the large heats of the JLF-1 steel. Just as is the
case for the F82H, Monbusho researchers have conducted a range of microstructural and
mechanical properties studies on the base metal and on TIG and EB weldments. Tensile, Charpy
impact, and creep tests were conducted.

In general, the results of these tests indicate that the new IEA heats have properties comparable
or better than those of the commercial steels they would replace.

Experimental Work on Other Heats of Steel

Several reports concerned information gathered on irradiated properties of other heats of
reduced-activation and conventional steels, including F82H and JLF-1 heats other than the large
IEA heats.

A. Kohyama summarized irradiation studies of Cr-W-V steels containing 2.25-12% Cr (including
JLF-1 and F82H) irradiated in the FFTF/MOTA experiments. Tensile, Charpy, irradiation creep,
and microstructural studies were conducted at 370-600°C and up to 60 dpa. One interesting
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observation was that hardening as measured in a tensile test appears to go through a maximum
with dose, which was also reflected in the shift in the transition temperature of the Charpy tests.

D. S. Gelles reported Charpy impact data for PNNL reduced-activation steels containing 2-12%
Cr and different levels of manganese irradiated to 10 and 30 dpa in FFTF/MOTA at =370°C.
There was no change in properties between 10 and 30 dpa. Manganese additions in the 9-12% Cr
steels caused a change from cleavage to intergranular fracture. It was concluded that the 7-9Cr
steels show the most promise.

K. Shiba reported on the tensile and fracture toughness properties of a heat of F82H irradiated in
HFIR over the range 200-500°C. Experiments to asses helium effects using boron doping were
also reported. Different levels of !°B were added to F82H, and the steels were irradiated in the
JMTR to 0.05-0.6 dpa at 400 and 550°C. No effect of helium was observed on tensile properties,
but there appeared to be a slight effect on the Charpy behavior.

A. Kohyama reported on work by Kimura, Morimura, and Matsui of Tohuku University who
studied the effect of helium implantation on the DBTT of a 9Cr-2WVTaB steel. TEM disks were
implanted with 120 appm He in a cyclotron at 36 MeV at =220°C to 0.048 dpa. A small punch
test was used to estimate an increase in yield stress of =104 MPa and a shift in the DBTT of
=50°C. The changes were attributed to the possibility of enhanced hardening by helium.

M. G. Horsten reported on irradiation studies of tensile and fracture toughness measurements of
modified 9Cr-1Mo and Sandvik HT9 irradiated at ~80 and 300°C in the High Flux Reactor
(HFR) at Petten. Tensile tests from room temperature to 600°C showed that the high-
temperature damage (300°C irradiation) was more stable than low-temperature damage (80°C
irradiation). The toughness of the modified 9Cr-1Mo was superior to that of HT9.

R. L. Klueh reported on the tensile and Charpy impact properties of the ORNL reduced-activation
steels with 2.25-12% Cr irradiated in FFTF/MOTA to 27-29 dpa. The 9Cr-2WVTa steel
continued to show excellent impact properties. The shift in transition temperature was only 32°C
after =28 dpa, although there appeared to be a slight increase in the shift with increasing fluence.
However, even after the 32°C shift, the DBTT after irradiation was lower than the DBTT of
modified 9Cr-1MoVND or Sandvik HT9 before irradiation (these steels showed shifts of =45 and
160°C, respectively, for these irradiation conditions).

K. Ehrlich presented the latest Charpy impact data from-a continuing irradiation experiment in
HEFR, in which the conventional steels MANET I and II and the reduced-activation steels
OPTIFER Ia and II, F82H, and ORNL 9Cr-2WVTa are being irradiated. Data obtained after
irradiation to 2.5 dpa at 300°C were reported; previously, data were reported to 0.8 dpa. The
reduced-activation steels again performed better than the MANET steels, and the 9Cr-2WVTa
steel again showed the smallest change in Charpy properties.




Fracture Assessment

An integrated approach to assessing fracture-safe margins of fusion power plant structures was
presented by G. R. Odette. The types of data on irradiated and unirradiated specimens required
to apply the methodology were outlined, and examples of the application of the technique were
described. This approach has been formalized in a paper that was the subject of an action item
from the Baden meeting.

Collaboration: Planning and Status

On the second day of the meeting, the status and future direction of the programs in Europe,
Japan, and the United States were reviewed by W. Dietz, A. Hishinuma, A. Kohyama, and R. L.
Klueh, in a continuing effort to coordinate the collaborative program. Copies of the viewgraphs
used for these presentations are attached.

A major question concerning the use of ferritic/martensitic steels for fusion has concerned the
interaction of a ferromagnetic structural material with the magnetic fields of a fusion power plant
and how the ferromagnetic material will affect plasma control. Up until now, this question has
been addressed by design studies. In his discussion of the JAERI program, A. Hishinuma
presented information on JAERI plans for an experimental study of this problem. JAERI will
produce a simulated ferritic steel vacuum vessel by covering the inner surface of the vacuum
vessel of their JFT-2M with F82H. Using this vessel, they hope to measure the effects of the
ferromagnetic material on the operation of the machine. They also have plans for simulating a
ferritic steel blanket module. Diagrams of the JFT-2M vessel with the proposed F82H
modifications are shown in the attachment.

During the discussion of the proposed JAERI program, it was recognized by the Working Group
that a timely assessment of the effect of a ferritic steel blanket structure on the ability to control a
plasma is of utmost importance in verifying the feasibility of using ferritic steels for fusion. The

. program will also provide invaluable information on the development of large-scale fabrication
technology of martensitic steels, because the project will require studies on the production of
large heats of steel and the welding and joining of large structures. The Working Group and the
fusion community will look forward to seeing the results of the JAERI study, because of the
important contribution it will make toward our understanding of the martensitic steels for fusion
applications.

Areas requiring coordination by the Working Group in the future were discussed. These include
work on corrosion and hydrogen embrittlement and on creep-fatigue studies being carried out in
the different programs. Action items were recommended on these subjects. In the near future,
the Japanese and the European Union programs intend to purchase new large heats for
component studies, and they intend to coordinate the specification effort for these heats. The
need for a compilation of the data being obtained on the new heats of steels was considered. A
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data base for F82H already exists at JAERI, and an action item was proposed for investigating the
use of this data base.

Next Meeting

The next meeting was tentatively set for 3-4 November 1997 in Japan in conjunction with
ICFRM-8 (23-31 October 1997). The Japanese delegation suggested that the meeting be held
near the site of a Japanese steel plant, so that a tour of the facility could be made, thus providing
an opportunity for the group to become informed on the technology of steelmaking to be used to
produce ferritic/ martensitic steels for fusion applications. A. Hishinuma will make arrangements
for the site of the next meeting.

Action Items
The following summarizes the action items developed as a result of the meeting:

1. K. Ehrlich is presently compiling a report on the results of the European Union tests to study
the homogeneity of the large IEA heat of modified F82H. To broaden the scope of the report,
Ehrlich is willing to include any Japanese and U.S. data on this subject in the appendix of the
report. The data must reach Ehrlich in the next month to be included.

2. Corrosion and hydrogen embrittlement test programs are being conducted in Japan and the
European Union. In accordance with an action item from the previous meeting, Dietz and Shiba/
Hishinuma exchanged program plans to ensure maximum information is derived from the tests.
The corrosion programs are evolving and expanding, and the coordination of the two programs by
these individuals will continue.

3. The European laboratories successfully conducted round-robin tests of miniature Charpy
specimens during the last year. Three U.S. organizations agreed to participate, and specimens
were distributed to them by Karlsruhe. These organizations are urged to test the specimens to
expand the scope of the test comparisons.

4. As the present meeting demonstrated, considerable amounts of physical and mechanical
property data have been collected and will be collected in the future on the large heats of modified
F82H and JLF-1 that are part of the IEA collaboration. For these data to be of maximum use to
the materials community and to designers, the data must be compiled and easily accessible. The
Japanese (JAERI) have established a data base for this purpose, and Shiba will circulate to
members of the Working Group information on the data base, including how data can be input,
used, and exchanged by e-mail.

5. The European Union and Japanese fusion materials programs have plans to conduct
component testing on F82H. To carry out such a program, new large heats of steel will need to
be purchased. To assure that the quality of these new heats is maximized by taking into account
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the information derived from the IEA program and other work, the purchasers of the new heats
will consult within the Working Group in determining the specifications for the heats. The
European Union will draft a specification by the end of January 1997.

6. The European Union has generated a test matrix to study the thermal fatigue of F82H. The
matrix will be circulated to members of the Working Group for comment and an indication of
interest in participation by other parties so that a detailed study of fatigue, including creep-fatigue
interaction, can be completed as soon as possible. Tavassoli will comment on the program based
on his knowledge from recent studies on this topic in the framework of the FBR program.

7. The effect of irradiation on the fracture behavior of ferritic/martensitic steels is the chief
concern for the application of the steels to fusion. Odette has proposed a methodology to assess
the fracture characteristics to allow for the prediction of the changes to be expected due to
irradiation. For the system to be evaluated, it is necessary to obtain the appropriate data on
unirradiated and irradiated material. To aid in that evaluation, it is proposed that the irradiation
programs in progress be examined for ways to develop the data required for such an evaluation.
Odette is already in contact with CRPP, and test plans for that program may be of interest for all.




VIEWGRAPHS OF PRESENTATIONS




IEA-Working Group Meeting
on Ferritic-Martensitic Steels

JET-Headquarters, Culham UK
24-25 Oct 1996

Summary of the Milestone 2 - Meeting
of the European Programme

Compiled by Karl Ehrlich |
Contributions by CEA-Saclay, CIEMAT-Madrid,
ECN-Petten, ENEA-Casaccia, EPFL-Villigen,
FZK-Karlsruhe, HMI-Berlin, RNL-Risg, VTT Espoo

References:

R. Lindau (Ed.): Homogeneity Tests of European Laboratories on Alloy F82H-mod.FZK-Report
5814, November 1996

E. Daum, K. Ehrlich, M. Schirra (Eds.): Milestone 2 - Meeting on F/M - Steels in the European
Programme, FZK-Report 5848, November 1996
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Forschungszentrum Karlsruhe
Technik und Umwelt

s
r

New Results from the Homogeneity Tests on
F82H mod. in Europe

Chemical Composition

- New analyses by Adelhelm, Daum (FZK) with different methods show
that the manufacturer’'s analysis concerning Nb and Mo is correct.

Tensile Tests
- No difference in tensile properties within one plate.
- No texture in tensile properties.

- 15 mm plate is slightly higher in strength and slighly lower in ductility
than 7.5 mm plate.

- Tensile results of diferent labs show good agreement.

- Deviations in total elongation are due to different specimen geometry.
- Strength is below 500 °C lower, above 500 °C equal MANET II.

- Ductility is comparable to MANET II.

Impact Bending Tests

- Round robin tests reveal rather little scatter in upper shelf energy
(USE: 9.3-10.4 J)

and

- large scatter in DBTT, (-45 °C - 80 °C).
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Tensile Test Results / MATRON / Tensile (S)

Dose dependence of uniform and total elongation
in JLF series steels and F82H following irradiation
at 683K in the FFTF/MOTA
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m Relatively larger total and uniform elongation in
7-9Cr steels than in 2.25Cr, 12Cr steels |
m Elongation seems to reach saturation over about 35dpa.
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TEMPERATURE DEPENDENCE OF
AVERAGE CREEP COEFFICIENT
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THE PROGRESS OF
ROUND-ROBIN TEST
IN JAPAN

K. Shiba
JAERI

IEA Working Group Meeting
on Ferritic Steels
- 24-25, October, 1996




JAPANESE [EA ROUND ROBIN TEST PROGRAM ON F82H

1. Metallurgical tests (Base Metal) (1995 - 1996)
Test Schedule

Remarks

CCT curve 1 1995 - 1996

2. Mechanical properties (Base Metal) (1995 - 1997)
Property Test condition Schedu_l_e Remarks
00; 95 199

Fracture toughness(Kic, Jic){ RT, 100, -30°C | 1995 - 1996

Creep -
Creep Rapture 500 - 850°C | 1995 - 1997 jmax: 50000h
Creep Rate 500 - 650°C | 1995 - 1997 Imax: 3000h
Creep Curve | 500-650°C |1995 - 1997 imax: 3000h
_ Creep Fatigue | 500-650°C | 1985 - 1997 |holding time: 0,1,3,10,30min
Fatigue . =~ .1 RT-600°C | 1995 - 1997 |e:0.5 - 1:5%(push/pull)

3. Aging tests
Aging condition: (400), (500), 550, 600, 650C; 1000, 3000, 10000, (30000) h

Property . Test condition Schedule
Metailurgical tests A 1 - , 1995 -
[Mechanical properties {Tensile . . ‘RT, 550°C | 1995 -
R " ICharpy Impact ' ‘Full curve 1995 -
Fracture toughness(Ki, Jic) |RT, 100, -30°C 1995 -




4. Weldments (TIG/EB)

Metallurgical tests
Test Schedule Remarks
Macro/Micro structure 1995 Optical, SEM, TEM microscopy
Hardness 1995
CCT curve 1995 - 1996
Mechanical properties
Property Test condition | Schedule Remarks
Tensile |  RT-800°C 1995 - 1996
Charpy Impact 1 Full curve 1995 - 1996
Fracture toughness(Kic, Jic)| RT, 100, -30°C | 1995 - 1996
Creep Rapture 500 - 600°C | 1996 - 1998 max: 10000h
Fatigue 550°C 1995 - 1997 |e:0.5 - 1.0%(push/pull)
Aging tests
Aging condition: 550, 600, 650C; 1000, 3000, 10000 h
Property Test condition| Schedule
Metallurgical tests 1995 -
Mechanical properties [Tensile RT, 550°C 1995 -
Charpy Impact Full curve 1995 -
Fracture toughness(Kic, Jic) |RT, 100, -30°C 1995 -

5. Physical properties (1995 - 1996)
Property Temperature | Schedule
Qensity RT - 700°C 1995

Electrical conductivity | RT-700°C | 1995

6. Other properties
Property Measurment Schedule |IRemarks

les|Releasedgas . 1005-1986) oo

.| measurement B ol
Carrosion - |Corrosiontest .. 11995 --1996 |Corrosion loss
“Resistance - [|in high temperature water| - -~ " |SSRTtest
Hydrogen Test Tritium pemmeability 1995 - 1996 |[Hydrogen solubility
after aging

Hydrogen cracking 1995 - 1996 [SSRT test
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Physical Properties of F82H IEA Heat
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Hysteresis Curve of F82H (RT)
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Magnetic Properties of F82H (IEA heat)

F82H Magnetization Curve Measurement
(Vibration Sample Magnetometer)
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Tensile Properties of F82H IEA Heat

>»—Ultimate tensile stress
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[Ref]: FRMSemi-annual DOE/ER-0313/20 (to be published)




Charpy Impact Test Results of F82H IEA Heat
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Larson-Miller Plot of Creep Rapture Data
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TYPICAL STRESS-STRAIN CURVES
~ AFTER HFIR IRRADIATION
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EFFECT OF HELIUM ONCHARPY
IMPACT PROPERTY
(JMTR/JRR-2: 550°C Irradiation)
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O '°B-doped showed the difference in
transition behavior after 550°C

irradiation.
O The same transition behavior was

observed on the 50 and 320appmHe
specimens. |
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Miscellaneous Results on F82H :Effects of Ti, N, Ta
on Grain Size, Vacuum Properties , etc.

A. Hishinuma and K. Shiba

Material Science & Engineering Dep.
JAERI, Tokai

IEA Workshop on LAM
Culham, U.K.
October 24, 25, 1996

1. Effects of Ta, Ti, N on DBTT of F82H
2. Radiochemical Analysis of Impurities in F82H

3. Vaccum properties-Gas Desoprptibn properties of FB2H

4. Corrosion Behavior of F82H




1. Effects of Ta, Ti and N on DBTT of F82H

(1) Samples used

€ C Si Mn P S Cr w \Y
F1 0.095 ] 0.11 | 0.49 10.001240.0032] 7.83 | 1.91 | 0.19
F2 0.095§ 0.11 | 0.49 10.0010/0.0032| 7.86 | 1.92 | 0.19
F3 10096 | 0.11 | 0.48 {0.0011]0.0033| 7.88 | 1.91 | 0.19
F4 0.094 | 0.11 | 0.49 10.0010{0.0033| 8.08 | 1.96 | 0.20
F5 10.095] 0.12 | 0.50 10.0008{0.0032| 8.02 | 1.95 | 0.20
F6 | 0.096 | 0.12 | 0.49 |0.0007]0.0033! 8.01 | 1.96 { 0.20

a& Ta Ti T.N. | Sol.Al {Total. A} O Fe
F1 0.04 | 0.008 [0.0082] 0.012 | 0.017 [0.0035] bal.
F2 0.04 | 0.010 {0.0084] 0.014 | 0.020 |0.0027| bal.
F3 0.04 | 0.030 [0.0093| 0.014 | 0.019 [0.0029| bal.
F4 0.12 | 0.005 |0.0092] 0.014 | 0.020 [0.0039| bal.
F5 0.12 | 0.010 [0.0095] 0.016 | 0.018 [ 0.0038] bal.
F6 || 0.12 | 0.030 }0.0097! 0.015 | 0.019 |0.0034| bal.

(2) Effe cts of Normalizing temp. on Grain size

10 T L S 1 § ‘ L] r“‘ | SERED SN A § ] L SR 1 L) ] 1 1 i ]
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8- -\ | W Ti:0.03% F3 |+
t O\:)
oL Ist ©X\ | o Ti:0.005% F4 | |
8 N A Ti0.01% FE5
S 6 Ta-004% 0 Ti:0.03% F6 ||
= A\
o 8- TN\ .
ZI | ' TR -
g ZnI;\' '
St o o
O 3rd ©
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Normalizing temperature , 7/°C




(3) Effects of Grain size on DBTT
- DBTT strongly depends on grain size;

10
Norm:1040°C
0+ Tmpr: 740°C
Ta: 0.04%, 0.12%
Ti: 0.005-0.030%
-10 L

DBTT (°C)
N
o

-50 I 1 ]
2.0 4.0 6.0 8.0 10.0

Gain Size Number

(4) Effects of Ta on Grain size _
- Ta content gives large effects on grain size

10.0

Norm:1040°C
Tmpr: 740°C
8.0 I Ti: 0.005-0.030%

6.0

Grain Size Number

40 r

2.0 L '
0o . 0.05 0.1 0.15

Ta content (%)




(5) Effects of Ti on DBTT
- Ti content gives large effect of DBTT behavior
- Itis important to keep Ti contentless than 0.01% or N contentiess than 0.004%

to prevent Ti(N,C) precipitaiton

10
—
ot //

G -10} /
& -20} J
= {
> / .

-30t / Tempering—

O 740°C
-40 ® ® 780°C
% 0.01 0.02 0.03 0.04

Ti content (%)
Realationship between DBTT and Ti content (0.04%Ta, 1040C Normalizing)

(6) Ta precipitates .
- Ta was detected in Ti(N,C) precipitates or Ti related inclusions

1

=" 2K ch Si12= - 11% cts
MEM1:3-1182

SEM-EDX analysis of inclusions




(6) Conclusions

1) DBTT of ferritic steels depends strongly on grain size; smaller grain
size shows lower DBTT.

- 2) The grain size decreases with increase in Ta content, and therefore
DBTT decreases with Ta content

3) Ta co-precipitates with Ti(N,C), which precipitates when Ti content
is larger than 0.01% or N content larger than 0.04%.

4) The differnce in DBTT among large heats is considered to be effects of nitrogen
which may easily form TiN(Ta) and decrease in Ta solution in the matrix; the 1st
heat contain small amount of N comparesd with 2nd and 3rd heats and then, their
DBTT show low. .




2. Radiochemical Analysis of Impurities in F82H

Impurity analysis of F82H after fusion neutron irradiation in FNS
(Preliminary resulits)

(1) Neutron Irradiation Experiments

Irradiation time :7.25 days

Total fluence :2.70 x 1018 ,cm?(En=14.9 MeV)
Cooling time :214 days

Measuring time : 1428 hr

(2) Nuclear reactions and nuclear data

- Radioactivity from 54Mn is the maximum afte r cooling time of abouta half- year, which
is generated mainly from 54Fe. The result corresponds the calculated one.

- The relatively large radioactivity came from 5'Cr and 57Co.

- Other nuclides with high radioactivity from impurities were not detected at this stage.

Radio- halflife yray Emmision Radioactivity Activation Cross
nuclide (y) (KeV) Rate (%) (Bqg) Reaction  Section (mb)

46Sc 83.83 d 889.3 = 99.984(1) 0.015+£0.003  46Ti(n,p) 210(14)
4TI'I(n np) 80.0(59)

54Mn 31220 d 8348  99.975(2) 240+7 55Mn(n,2n)  803(45)
54Fe(np) __272(13)

58Co 70916 d 810 8  99.5(3) 0.56£0.02  59Co(n2n)  801(a2)
' 58N|(n p) 269(15)

182Ta 1150d  1121.4  27.3(5) 0.036+0.002 181Ta(n.7)
182W(n,p) 6.653)

183W(n,np) <0.34)




(4) Measured y -Ray Spectrum

1173.2, 1332.5 ®°Co 7]

Count/Channel
4.-—-[]10993 S8
* g 48

l‘llll'llJllllllllllllIlll'll

500 1000 1500 2000 2500 3000 3500 4000

Channel Number

(5) Results of Radiochemical Analysis

- Impurities in F82H are within a range or less than limtational values

Elements Radiochemical Range of F82H
Analysis (Wt.%) (wt.%)

0.0057+0.0011 0.004-0.012
0.10£0.02 0.05 -0.20
0.021x0.001 <0.10
0.00203:0.0005 <0.01
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3. Gas Desorption Properties of F8B2H (by K. Suzuki. etal, (Hokkaido U)) .

To inve stigate gas desorption properties and change in surface
compositions

(1) TDS spectra for major gas species

- Major gas species desorped are CO, H20, CO2, H2,CxHx in order of
desorption volume.

- The desoprtion of H20 was firstly observed at 400 K, and that of all
species were observed at 600 K. Around 850 K, a large amountof CO
desorption was observed. ‘ '

- The sum of CO and H20 is larger than 80 % of total desorption volume

- Two or three peaks in TDS spectra were observed in all of the gas
species.

Compared with 316 stainless steels,

- The desorption rate of gas species with oxygen is large

- The sum of desorption volume is comparable

- The activation energy for desorption is small and then, the 2nd peak of
desorption rate is shifted to 100-200 K lower temperature
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(2) Change in Surtace Compositions as a Function of Heating Time

- At 423 K,
oxygen concentration decreases and carbon increase inversely with
holding time. The decrease in oxygen is due to desorption of H20.

- At 623 K,

Iron concentration is about 60 % and carbon decreases rapidly with hold
time. This decrease is due to desorption of CO and CO2.

And Chromium segragation is found after 10 min or so.
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Corrosion Tests of F82H

Subject

Obtain the corrosion property of F82H in high temperature water.

Test Procedure
In-loop Corrosion Loss Measurement

Material: F82H IEA heat, HT9, Chromized F82H
Temperature: 250, 280°C
Dissolved Oxygen: 0.8 ppm

Result

F82H-01
F82H-02
HT9-01

HT9-02

Crmz-01
Crmz-02
(after Yamanouchi)
(after Yamanouchi)
(after Yamanouchi)

Weight |Weight loss

Weight
initial
{9)
40.3733
40.3944
39.4329
39.5460
39.0386
39.0551

after test

(9) (mg)
40.3728
40.3958
39.4321
39.5476
39.0387
39.0552

(g/cm?®s)

-3.1E-11
8.63E-11
-4.9E-11
9.84E-11
6.24E-12
6.24E-12




x10"

O F82H IEA
1001 A HT9 o
J Chromized F82H !
v 8r ¥
£ 0.8 ppmDO !
> O 0.66 Ms !
~ . ]
% 4r l'l
c Gain F
S 2L T !
S Dt
<2 I D — L.
8 ° i ]
oL ,,’
Loss ]
4t i
A |
-6 ] ] |
200 250 300

Test temperature (°C)

Temperature Dependence

« More corrosion loss were observed at 250°C than at 280°C in both F82H and HT9, while
chromized F82H did not change the weight at both temperature.
—The Oxidized film formed at 280°C is more protective ?

Cr content dependence
- F82H showed much weight loss than HTO.

(Yamonouchi,et al., JNM 191-194 (1992), pp.822)
250°C; 0.2 ppmDO; 0.9 Ms in water
F82H: -1.7x10° g/lcm’s
HT9: -1.1x10° g/em’s
18Cr-4W: -3.0 x 10™*° g/cm’s
- Corrosion rate of F82H is 50 times higher than present result at 250°C.

—0.2 ppmDO is not sufficient to form a protective film ?

To be confirmed
- Time dependence:

Obtain the corrosion rate in a steady state
+ Temperature dependence: '

200 - 280°C
- Effect of DO:

0.2, 1, 3 ppmDO
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400

1

T L
| (a) Ductile tearing, J-da|
300 |

\

Ductile tearing to
cleavage, J,c

200

\

Elastic-plastic -
cleavage, K ¢ T

Ke (MPavm)

100 |

Elastic cleavage, K
0 . avage, Ryq,

-300 0 300 600
T(°C)

1.5

(b) Ductile tearing to

d (agy)

Elastic-plastic

cleavage
0.5

Elastic cleavage, K|,

B Cleavage fracture
0 1

0] 5
A(Aq)

10

Figure1  Schematic illustration of a) a K.(T) curve showing various fracture

regimes; and b) the corresponding macroscopic applied su'ess-deﬂecnon (or
strain) curve for a test specimen or structure,
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CRPP Data on the Program of the

Effects of Radiation Hardening and
He/dpa effects on F§2H

P. Spitig

CRPP - Fusion Technology
PIREX Materials Group
EPFL -Switzerland

IEA Working Gfo_up on Ferritic Steels

Jet Headquarters, Culham, UK
24-25 October 1996




Objectives

* Study of the effects of radiation hardening and helium in a
low activation steels. In the PIREX facility we have a bulk
helium production

%

Create a large irradiation and testing matrix in which we
will attempt to separate the helium effects from those of
radiation hardening. The KfK Dual Beam, the “reactor
and PIREX facilities are involved. Shudod

*

Effects of radiations hardening at different doses and four
temperatures 40°C, 250°C, 350°C and 450°C

* Post-1rradiation tensile properties

Baw reactor: radiations hardening on pre- -irradiated PIREX
specimens and virgin specimens ( Studwek - Swedes

d

IREX: The 590 MeV creates dpa and He appm in
such a way that for a dose of about 1 dpa
corresponds a creation of 100 appm He in
ferritic/martensitic steels

KfK dual beam: dpa and controlled amount of He




PIREX facility

Beam line optics provides beams in the range 46, =1 to 3

mm and 46, = 3 to 10 mm. Uniformity is improved by the
use of a beam wobbler.

Extraction of the deposited heat in the target (3 to 11
kW/cm®) with helium gas cooling.

0.7m

Switch and
clamping device

™~ Flange

Biological
shielding

3m

<—— Heat exchanger

| Heater

J__— Head pivot point
Movable tube holder
| Sample cooling tubes
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PIREX tensile specimens

Geometry of the PIREX specimens which are irradiated at the présent time
(e.g. low activation steel F82H)




800 Unirradiated - T = 293K
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Irradiation hardening Ac (MPa)
Ac measured at room temperature

200
i [ ]
° . = (.5dpa
160 - . o 03dpa
.1
. 120 - .
3]
(oW J °
2
o 30—
< [
40 -
0 ' I T T T T ‘ |
0 100 200 300 400 500

Irradiation temperature °C

* at these doses (0.5dpa and 0.3 dpa) the production of helium
is about 20 and 30 appm. A small effect of helium is expected.




Force on the moving dislocations

,Ag " T)
TN —— — -
AN F

Schematic representation of the variation of the force on a
dislocation with distance along the slip plane. The small peaks
corresponds to thermal obstacles.

- F, or (1,) long-range force varies slowly with the position of
R _the-dlslocaUQn_on_the shp_plane. Due to large obstacle such as
second phase particles, dislocations on parallel slip planes, etc...

- F* or (t%) short-range force which acts over a few atomic
diameters only due for instances to the forest dislocations, point
defects, tetragonal defects, etc

Decomposition of the applied stress T :

T, = T, T) + 1,(Y,)




Thermal activation - Energy of activation
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Interaction between the

dislocation and a localised

Energy and force as a function
obstacle

of the distance

The force of the obstacle is defined by: % = .

(%)

Xe

and the Gibbs free energy is: ACA; 5 (Vo) 7 - )R AW,
- X,

>

X .
Let us define: boy T vY) = J % () Ve A

X

The t* dependence comes from X(t*,T) = X -X,




Strain-rate sensitivity of the flow stress

. AG(T*,T)
Thermally activated plastic flow: Yp = 0P bV = Yo exp(- KT )

Activation volume: Ve« ’)—;33

-*:)V \; = “c\ivu\iov\ ares K‘O

S LXO

Verp = KT ég’f = kT [

diny, 0AG dt*
at  9t* ot kT

oy, | ., o G
Vexp— kTT + VeffFa Veff: =- I
s gu? s
o K4

Veff is characteristic of a given rate confrolling process as well
as its stress dependénce.

Veff essentially represents the number of atoms implied durins
the thermally activated events.




Simple relaxation test:

.................................

Y @ | L)
t = ’

Duriag the test: v, = 0 or:

p=-Te=- 2= 0pu(Tbv(ATY)

M is the elastic modulus of the specimen-machine assembly




Activation volume measurement by repeated
stress relaxation (Spitig ef al. 1993)

4"C(MPa)
Tw Ty Yin 'Yx(n+1)
E : i - T
N 1
: e |
: e gl
: sl
P i ¥
P »
| &
[ —— - . .::
[ I
| |
i . i >
Y(%) - t Y(%)

First relaxation yields:
| A‘ta(t)z-li—;[m(l-k-é—) ol Va=V¢ﬂ(l+ﬁ)(l+B)

a

Repeated relaxations:

Q

=(1 + K/IM)(1+B) = (. -_kLln eXp( - AT,V /KT) - 1)

V M

v Z At exXp( - ATV, kT) - 1)




Example of stress relaxation test at Y.S

i Irradiated at 523K and 0.3 dpa
0 - . . .
-5 4. A - -

= {% o - -
¥ A - -~ -
S 10 < - -
o - - - -
< - .- -— —-

-15 - ‘-...:_ -

-20 T T T T T ] T I T [ T

T 1
0 20 40 60 80 100 120 140




Irradiated at 523K and 0.3 dpa




I T
3 4

n number of the repeated relaxation
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Table 2 JLF1-HEAT2 Fabrication Data

Melting 300kg VIM Furnace ~
(0. 1C-0. 05Si-0. 45Mn-9Cr-2W-0. 2v-0. 08Ta-0. 025N)
Casting 300kg Ingot(240tx240wx640h*)x5  *Except hot top
Forging* Homogenizing @ 1250°Cx1h
Forging to 100tx330wx1100h *After cutting hot top
Slab 100tx330wx1100h ——> 100tx330wx550h (for 15mmt plate) xbslabs
Cutting
' —> 100tx330wx550h (for 25mmt plate) x5slabs
Hot Homogenizing : 1250°Cx3h
Rolling (TReduction to 15mmt
@Redubtion to 25mmt
Plate @15tx33wx450h 25 plates
Cutting @25tx330wx500h 15 plates (Saw Cut)
Normal izing 1050°Cx1h/A. C.
Tempering 780°Cx1h/A. C.
PWHT 740°Cx3h/F. C.




300
600°C s NT
_ 1000004 —o—
=200 - T RHHT
= welded joint(TIG)
+PWHT
o X\ —o—
2100 2N
j% 20 T Plate thickness : [5mm
%0 1 H 1 'l n ] L 1 i
8000 30000 32000 34000 36000 38000
Larson-Miller parameter, T(35tl0st)
300
- 600°C as NT
100000k e
25200 s U N | R N
= rwelded joint (TIG)
, +PWHT
w +
= 100 |
s | | °
ig 20 T Plate thicknesg : 25mm

19000 30000 32000 32000 36000 38000
Larson-Miller parameter, T(35+logt)_

Fig 2 Creep rupture strength of JLFI-HEAT2 steel and its TIG-weldments.
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Table 4 Concept for determining chemical compositions

Element

Optimum
concentration

Notice

*less { : Tends to &-ferrite — decrease of tbughness

C 1007 ~0.1% | +Excess C : decrease of toughness in steels and welds
degradation of weidability
 Improves creep strength
vV 02X
+Excess V addition tends to cause deterioration of creep strength
and toughness
+Less and Excess Cr decreases stability of microstructure and
Cr {7~9% strength during neutron irradiation
- Improves creep strength
Ta [0.07 ~ 0.1% |- Imoroves toughness ( presumably due to grain refinement )
+ Excess Ta tends to cause deterioration of toughness
N |tobe * Improves high temperature creep strength
determined

»Less N is desirable from low activation consideration
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Photo.3 Cross sectional microstructure of TIG-welded joints (Plate thickness
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'Photo.4 Cross sectional microstructure of TIG-weided joints (Plate thickness




Table 12 Tensile properties of weld metal.

Plate 0.2¢.5.{ T.S. | T-EL | RA
thickness | (MPa) | (WPa) | (X) | (¥
15mm 856 755 | 23.7 | 76.5
25mm 669 158 | 2.8 1 76.2

PWHT : 740°Cx3h/FC

Table 13 Tensile properties of welded joint.

Plate Temperature 0.2%.S.| T.S. | T-EL | R.A ]lLocation
thickness (C)] (WPa) | (WPa) | (X | (X |of fracture

RT 447 610 | 18.9 | 74.8 BM

15mm 448 611 | 20.1 | 79.7 BM

- 600 250 293-) 19.3 | 89.4 BM

256 234 | 20.3 | 89.8 BM

RT 464 619 | 21.7 | 77.3 BM

Z25mm 466 619 | 19.6 | 75.1 BM

600 256 308 2.2 8.3 BM

260 { 3071 21.01 87.8 BM

PWHT : 740°Cx3h/FC
Table 14 Charpy impact test results at 0°C of welded joint.

Plate Notch  |Absorbed energy|{Crystallinity] FATT
thickness |location|at 0°C () jat0C__ (%) 1 (C)
W 287 0 <0
- 199 10
15mm FL 242 0 <
240 0
HAZ imm 2n 11 ]
_ 216 0
W 60 60 =0
) 63 56
25m FL . 250 0 <0
257 0
HAZ 1mm 196 19 <0
209 20 PWHT:740°Cx3h/FC
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Table 16 List of JF1-HEATZ steels and weidments (Plate thickness 15mm)

Symbol Plate size | Welding®| Heat treatment Notice
1{HEAT2-1-1-1 |15x340x450mm| BM as NT
2 -2 " TIG PYHT
3 ~3A| 15x340x220mm| BM PYHT HEAT2-1-1-3 —(ut
4 -38 ” EB as welded HEAT2-1-1-3 —Cut
5 -4A ” BM as NT HEAT2-1-1-4 —Cut
6 -48 ” BM NTHPWHT HEAT2-1-1-4 —Cut
7 -5 |15x340x450mm| BM as NT
8|HEAT2-2-1-1 ” BM as NT
9 -2 ” BM NT+PWHT
10 -3 ” TIG PWHT
A -4 ” TIG PWHT
12 -5 ” BM as NT
13{HEAT2-3-1-1 ” TIG PWHT
14 -2 ” EB PAHT
15 -3 ” BM as NT
16 -4 ” BM as NT
17 -5 Lo BM NT+PWHT
18|HEAT2-4-1-1 ” BM NTHPWHT
19 -2 ” TIG PWHT
20 -3 ” TIG PWHT
21 -4 ” EB as welded
2 -5 ” BM as NT
23|HEAT2-5-1-1A| 15x340x220mm| BM NT+PWHT HEAT2-5-1-1 —Cut
24 |HEAT2-5-1-1B ” TIG . |PWT HEAT2-5-1-1 —Cut
5 -2 |15x340x450mm| BM as NT
2% -3 ” TIG ~  |PWHT
27 -4 ” BM as NT and NT+PWHT  |Already used for
28 -5 ” TIG . PWHT mechanical properties

* BM:Base Plate (without welding) TIG:TIG welding EB:Electron beam welding




Table 17 List of JFI-HEAT2 steels and weldments (Plate thickness 25mm)

Symbol Plate size | Welding Heat treatment Notice

1{HEAT2-1-2-1 [25x340x500mm| BM as NT

2 -2 ” TIG PYWHT

3 -3 ” 8M as NT

4|HEAT2-2-2-1 ” TIG PWHT

5 -2 ” BM as NT

6 -3 ” BM NT+PWHT

7{HEATZ2-3-2-1 ” TIG PWHT

8 -2 ” BM as NT

9 -3 ” BM NTHPWHT

10{HEAT2-4-2-1 ” TIG PYHT

1 -2 ” TIG PWHT

12 -3 ” TIG PWHT

13|HEAT2-5-2-1 ” BM NT+PWHT
14 -2 ” BM as NT and NT+PWHT |Already used for
15 -3 # TIG PWHT ~ |mechanical properties

* BM:Base Plate (without welding)

TIG:TIG welding EB:Electron beam welding
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ORNL-PHOTO 1720-86

MICROSTRUCTURES OF ORNL LOW-CHROMIUM Cr-W-V STEELS

21/4Cr-2W 21/4Cr-2WV

® NORMALIZED MICROSTRUCTURES OF 2 1/4CrV, 2 1/4 Cr-1 WV, AND 2 1/4
Cr-2 WV STEELS CONTAINED 30, 35, AND 8% FERRITE, RESPECTIVELY,
BALANCE BAINITE. 2 1/4Cr2WWAS 100% BAINITE
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ORNL-PHOTO 1721-86

MICROSTRUCTURES OF ORNL HIGH-CHROMIUM Cr-W-V STEELS
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5Cr-2 WV

9Cr-2WVTa 12 Cr-2 WV

® NORMALIZED MICROSTRUCTURES OF 5 Cr-2 WV, 9 Cr-2 WV, AND 9 Cr-2
WVTa ARE 100% MARTENSITE

o NORMAL ZED 12 Cr-2 WV CONTAINS 25% &-FERRITE, BALANCE
MARTENGITE
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Re-orientation of the EU Material Programme in 1996 for the Period 97/98
W. Dietz*, EU Commission, DG 12, Fusion Directorate

The long term material program within the European Fusion Technology Program was reviewed in
1996 on request by the Fusion Technology Steering Committee (FTSC) and programmatically due
to Program Milestone NR. 2. In this paper the status of this review is presented. Final approval of the
draft proposal of the revised material program by the FTSC will be in November 96.

The material program was established in 1994 by the Task Force Material (nominated representatives
of European laboratories for the Fusion Program). Details of the material program have been
presented during the IEA Working Group meeting in Feb. 1995/ORNL, US. The selection of a
primary candidate alloy from a group of reduced activation (RA) ferritic/martensitic(F/M) steels was
defined as the main goal. In parallel some limited scoping activities on other potential low activation
materials such as a Vanadium alloy V-4Cr-4Ti and the ceramic composite SiC/SiC are part of the
program to allow an evaluation for the constraints on the use of these materials in a DEMO blanket.
The overall budget for the period 95/98 is about 29 MECU.

In the EU Fusion Technology Program up to 1995 four different DEMO blanket concepts have been
considered. During the Blanket Selection Exercise in 95 the four concepts were reduced to two
options, the Water Cooled Lithium Lead (WCLL) concept and the He Cooled Pebble Bed (HCPB)
concept. It was decided by the Fusion Technology Steering Committee (FTSC-P) that after the
blanket selection exercise the blanket and the material program should merge in a European Blanket
Project (EBP). The main objective of the EBP will be the construction of the DEMO relevant blanket
test objects in ITER. A survey about the common material and blanket program was recently
presented during the SOFT-19 conference in Sept.96 in Lisbon by Giancarli et al.( a copy of the
invited paper was distributed to the participants of this WG meeting at Culham/JETfacilities).

The re-orientation of the long-term material program means that the previously elaborated and
approved program in 94/95 was reviewed and separated in two elements with a different schedule and
different technical boundary conditions . i) The program related to the EBP with the near-term ITER
Test Modules (ITM) characterized by environmental condition of 3-15 dpa (dose levels not finally
detailed for the Extended Performance Phase / EPP), operation temperatures in the range of 250-
500°C, pressurized water or He as coolant and ii) the Advanced Material Program (AMP) related to
long term requirements of a Fusion Reactor (characterized by high neutron dose e.g. 100 dpa or even
much more and high temperatures of about 550°C.

All tasks on advanced metallic and ceramic LA material (V, Ti,SiC...) have been grouped in the longer
term AMP (working package WP2 and WP3 in the 95 approved program). Tasks on
ferritic/martensitic steel related to DEMO (e.g. high dose irradiation in Phenix, or basic investigations
with neutron scattering on microstructure) will however be grouped under the EBP project in a
specific working package (WP 6) for DEMO relevant tasks. In the attached chart (draft) a survey is
presented for the common material and blanket development program for the EBP (in this chart
ferritic/martensitic activities with longer term aspects have been included also in the long term
advanced material program with regard to high dose IFMIF irradiation).

*)Work performed under Contract NET/95-886 of the European Commission to IKL, D-51503 Roesrath / FRG




A survey about the new working packages of the material program is attached too.

The new work break down structure was oriented on EBP project related tasks and the needs to verify
the materials performance for the EBP operating conditions and fabrication of components of the
ITMs. The selection of a primary candidate alloy for end of 98 was defined as a main goal in the
already approved program for 95/98. This objective will be also a milestone for the qualification of
the F/M steel for ITMs. All ongoing activities for this objective can be fully integrated in the new EBP
program with its working packages, tasks and subtasks(contributions of laboratories to the tasks).
Re-orientation of the program means therefore that we have three categories of activities: I) Activities
which are not changed (the bulk), II) Activities with adaptations (minor modification due to new
technical conditions or postponement due to lower priorities), III) Activities which are new.

In the attached chart the additional subtasks have been indexed (see foot note in the table). In total
the changes in the program are about 15 % of the EBP related budget.

In the following the Working packages in the new EBP material program are briefly described and
commented. ’

All the subtasks and activities of EU laboratories related to the selection of the primary candidate alloy
(PCA) will only be re-ordered without a change technically as mentioned. This selection process for
a PCA will follow the guidelines of the previous planning from 1994/95 and will be based mainly on
the results of the new working packages

WP1 Irradiation experiments for RA_F/M steels and
WP2 Metallurgical and mechanical and characterization of RA_F/M

It was anticipated from previous experiences that variations in alloy chemistry (e.g. content of Ta or.
W, Ta or Ti,.. ) may have a significant impact on the mechanical behavior, also the thermo-
mechanical treatment respectively the fabrication process. There is presently no reason in reducing
the number of the F/M options in the program.

Neutron fluence in the experiments in.WP 1" will go in 1998 up to 2.4.dpa and will cover the range
of ITM in the first operational phase. The alloy selection will be based mainly on results from tests
on the low temperature toughness measured by impact tests in the range of 200 - 450 °C after
irradiation.

The mechanical and metallurgical characterization of the steels in WP 2 will be based on tensile and
hardness tests with some spot type testing for fatigue and creep behavior, also for comparison with
the previous reference material MANET and on the mod. 9 .Cr steel - the code approved F/M steel
in the frame of the FBR program. Present designs are based on data mainly of MANET.

Working Package 3 (WP 3): Compatibility of the F/M steels in the Fusion environment

WP3 contains testing in water, liquid Pb-Li and for increased hydrogen concentrations in the F/M
material (H-sources are e.g. corrosion and nuclear reactions,..). An increase on efforts in this technical
area is due to the fact that the 8-9 CrWTaV steel are a new category of steel for which the general
corrosion is not known. Checking the risk of fast crack propagation (liquid metal embrittlement of the
irradiated hardened structure, hydrogen cracking,..) need sophisticated approaches. For an effective
use of experimental tools joint tests will be performed between the material and the WCLL sub-
project. In 1994 only some generic activities were started for corrosion waiting for further definition




of a corrosion program. after the blanket selection exercise with more precise boundary conditions
for tests.

. Corrosion in He environment was not considered as a critical issue for the HCPB system which means
that no corrosion tests presently have been planned in He atmosphere.

Working package (WP4): Qualification of Fabrication

In WP 4 additional efforts have ben integrated especially for welding related tasks for the ITMs.
Generic tests on weldments were already an extensive part of the existing 1995 - program (Electron
Beam and Tungsten Inert Gas , TIG- welds, provided by JAERI in the frame of IEA implementing
agreement). New will be the actions for filler metal development both for the F/M steel and the
transition-weld between F/M steel and the austenitic steel in the WCLL. These tasks will need
permanent interaction with the WCLL system engineers.

Working Package (WPS) : Rules for mechanical design and design data

This WP includes activities which were already a significant part of the planning 1994. Some
adjustments have been made following the requirements of the systems which needed some additional
recourses such as aspects of quality control of weldments. Material for component testing will be
provided under this topic uniquely for the both sub-projects WCLL and HCPB, also to verify a
preliminary specification for RA_F/M steel. The definition of design data will need a continous
interaction with design engineers.

Working Package (WP6): Qualification of RA_F/M steel for DEMO

In WP 6 all the lomgterm tasks (high dose, basic investigations,.. ) have been grouped in a separate
package, considering the different needs for a DEMO and the ITMs. Due to the delay of the Phenix
irradiation it was proposed to finalize the experiment with its target dose of 30 dpa in 1999. This WP
includes also investigations for the understanding of deformation mechanisms (fatigue) under radiation
(Ion Beam) and structural stability for high dose rates under heavy ion irradiation.

From a programmatic point of view a further review of the material activities will be made with the
next Milestone (NR 3) in late 1997 with the available data after irradiation. This review will give
further input for the confirmation of the direction of the program. After the selection of the PCA in
1998 material with the selected alloy composition and process requirements will be investigated in
depth considering the conditions for operation and fabrication in more detail.. It is anticipated that for
2005 the selection of the RA_F/M steel will be validated based on present assumptions for the ITER
schedule. _ '
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Microthermo
(20mmt)

Vacuum Vessel — Ferritic Steel (F82H)
(20mm?)

Figure 1 Simulation of Ferritic Steel Vacuum Vessel
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Sham Blanket Module
(F82H)
Microthermo
(20mm?)
Vacuum Vessel — Ferritic Steel (F82H)
(20mm?)

Figure 2 Simulation of Ferritic Steel Blanket Module
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JLF-1 (2nd heat: IEA heat)

15mm thick

# Piate ID Plate size |R Weid/Heat treatment Experimantal

1 | HEAT2-1-1-1 | 15x340x450 ORNL As NT ORNL-OCT, 173-CVN, Ful-CVN ek.
2 | HEAT2-1-1-2 | 15x340x450 ORNL TIG/PWHT ORNL-DCT, 1/3-CVN, Ful-CVN etc.
3 | HEAT2-1-1-3 ] 15x340x450 ORNL As PWHT, EB ORNL-DCT, 1/3-CVN, Full-CVN etc.
4 | HEAT2-1-1-4 | 15x340x450 PNNL As NT, As PWHT Microstructural identification etc.

5 | HEAT2-1-1-5 | 15x340x450 EU As NT Fatigue, Toughness, Creep

6 § HEAT2-2-1-1 | 156x340x450 EU As NT Precipitation identification

7 | HEAT2-2-1-2 | 15x340x450 EU As PWHT Faigue, Toughness, Creep, Microstructural inspection
8 | HEAT2-2-1-3 | 15x340x450 EU TIG/PWHT Fatigue, Toughness, Creep

9 | HEAT2-2-1-4 | 15x340x450 EU TIG/PWHT Precipiiation identification

10| HEAT2-2-1-5 | 15x340x450 KU As NT Baseline mechanical properties

11} HEAT2-3-1-1 | 15x340x450 KU TIG/PWHT Baseiine mechanical properties

12| HEAT2-3-1-2 | 15x340x450 KU EB/PWHT Baseiine mechanical properties
13] HEAT2-3-1-3 | 15x340x450| KU(reserve) As NT Reserve

14} HEAT2-3-1-4 | 15x340x450} KU(reserve) As NT Reserve

15] HEAT2-3-1-5 | 15x340x450} KU(reserve) As PWHT Reserve

16| HEAT2-4-1-1 | 15x340x450| KU(reserve) As PWHT Reserve

17] HEAT2-4-1-2 | 15x340x450] KU(reserve) TIG/PWHT Reserve

18} HEAT2-4-1-3 | 15x340x450} KU(reserve) TIG/PWHT Reserve

191 HEAT2-4-1-4 | 15x340x450{ KU(reserve) EB Reserve

20§ HEAT2-4-1-5 | 15x340x450] UT/Tohoku As NT Magnetic properties, Creep rupture elc.
21] HEAT2-5-1-1 | 15x340x450] UT/Tohoku [As PWHT, TIG/PWHT] Magnetic properties, Creep rupture etc.
22| HEAT2-5-1-2 | 15x340x450 NIFS As NT Chemical properties (compatibility) etc.
23] HEAT2-5-1-3 |} 15x340x450 NIFS TIG/PWHT Chernical properties (compatibility) etc.
24] HEAT2-5-1-4 | 15x340x450 NSC As NT, As PWHT Base material/Baseline properties
25| HEAT2-5-1-5 | 15x340x450 NSC TIG/PWHT - Welded joints/Baseline bos
25mm thick plates

# Plate ID Plate size {Responsibili Heat treatment Exparimental

1 | HEAT2-1-2-1 | 256x340x500] ORNL/PNNL As NT Full-OCT, Full-CVN etc.

2 | HEAT2-1-2-2 | 25x340x500f  ORNL TIG/PWHT Full-DCT, Full-CVN efc.

3 | HEAT2-1-2-3 | 25x340x500 EU As NT Fatigue, Toughness, Creep, Hicrostructural inspection
4 | HEAT2-2-2-1 | 25x340x500 EU TIG/PWHT Fabgue, Toughness, Creep, Microstructural inspection
5 | HEAT2-2-2-2 | 25x340x500 KU As NT Baseline mechanical properties

6 | HEAT2-2-2-3 | 25x340x500 KU As PWHT Baseline mechanical propefties

7 | HEAT2-3-2-1 | 25x340x500 KU TIG/PWHT Baseline mechanical properties

8 | HEAT2-3-2-2 | 25x340x500} KU(reserve) As NT Reserve

9 | HEAT2-3-2-3 | 25x340x500§ KU{reserve) As PWHT Reserve

10§ HEAT2-4-2-1 | 25x340x500{ KU(reserve) TIG/PWHT Reserve

11] HEAT2-4-2-2 | 25x340x500] KU(reserve) TIG/PWHT Reseive

12] HEAT2-4-2-3 | 25x340x500| UT/Tohoku TIG/PWHT Magnetic properties, Creep rupture etc.
13] HEAT2-5-2-1 | 25x340x500 NIFS As PWHT Chemical properties (compatibility) etc.
14] HEAT2-5-2-2 | 25x340x500 NSC As NT, As PWHT Base material/Baseline propertios
15] HEAT2-5-2-3 ] 25x340x500 NSC TIG/PWHT Welded joints/Bassline ios

ORNL/ R.L. Klueh
PNNL/ D.S. Gelles
EU/ K. Ehrdich

KU (Kyoto U.)/ A. Kohyama

UT (U. Tokyo)/ Y. Kohno, K. Asakura, M. Uesaka, K. Morishita
Tohoku (Tohoku U.)/ A. Kimura, T. Shibayama

NIFS/ A. Nishimura, Y. Katoh, T. Muroga

NSC (Nippon Steel Corp.)/ T. Hasegawa, H. Mabuchi
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U. S. FERRITIC STEEL PROGRAM

R. L. Klueh

Oak Ridge National Laboratory
Oak Ridge, Tennessee USA

IEA Working Group Meeting on Ferritic Steels for Fusion

Culham, UK

19-20 September 1995




GENERAL STATUS OF U.S. FUSION PROGRAM

R. L. Klueh

. Budget for FY 1996: $240M
. Fusion Advanced Materials Program budget FY 1996: $8M
. Expected budget for FY 1997: $220M

. Expected Fusion Advanced Materials Program budget FY 1996: $5M




U. S. PROGRAM WILL EMPHASIZE FRACTURE STUDIES

. Unirradiated studies
Micromechanics of fracture
Size effects/crack geometry effects, advanced fracture mechanics
Low-cycle fatigue
Sub-critical crack growth
Composition optimization

Thermal stability

. Irradiated studies

Tensile, Charpy, compact tension, and TEM

Microstructure-hardening-fracture correlations

Helium effects




U. S. FERRITIC STEEL PROGRAM -- THE FUTURE

Budget uncertainty has hindered program planning
Ferritic steels in the U. S. program are not top priority

U. S. program expects to put less emphasis on ferritic steels than either
Japan or Europe

Essentially all of U. S. work will be part of the IEA collaboration

Irradiation experiments in the U. S. program will be part of
collaboration between the U. S. and Japan -- JAERI and Monbusho

No irradiation experiments are presently planned beyond those in the
two Japan collaborations

Two HFIR RB* capsules are being built for the Japan/U.S.
collaboration for insertion in FY 1997

Two HFIR target capsules containing tensile and Charpy specimens
were irradiated in FY 1995-1996, and the specimens are ready for
testing
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