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| What can be done with these elements? ﬂ(“‘
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Pure Tungsten

Tungsten Tungsten
Compounds Alloys

« W+{Nij-Fe (Densimet) * WV
« W-Cu (Elmet) + W-Ta

© (W-Ag) + (W-Mo)

Potassium
Doping

e.g. WVM * La, 0, (e.g. WL10)
= Bulb Wire » ZrO,
" CEOZ
(ThO, )
(HIC)
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I Tungsten Material Production Routes AT
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Melting &
Forming

+ Real Alloying

Powder-
Metallurgy

Sintering &
Forming

+ Mass Production

+ Density _
Mechanical - Expensive
f% Qp@@'ﬁ@, aniso- A"OYiﬂQ & (% EB. Arc.
tropic micro- HIP | Vacuum, ...)
struciture
+ Fine Particles + Mass Production
+ Homogenous + Nearly Finished
Microstructure Producis
+ Homogenous
- Small Quantliies Microstructure
- Porosity
- Brittleness? - Porosity

- Severe Britileness
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| Rods: Fracture Characteristics AT
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| Charpy Tests,|Plate Materials AT
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| Where are we today? AT
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Important Design Criteria

Thermal \,\ 100 W/mK Present Situation
Conductivity @ 1200 °C . Geal
. hﬁD 1 ll
Creep \\\ 55 MPa, 20kh| . 3 7 mm WLm rod
Strength @ 1200 °C = “'-ir ~~~~~ -
ES |
E a0 | > = |
DBTT \\, 300 °C, un- 3 : *—-‘TNT::I
. unnoltchad ' ||'|'ﬂd|ﬂtﬂd ?ﬁj 30 WEId electrode ;::IH‘:--.E___HHJI
B 3. mmW rod 200 b
N 4m - 110 W
Recrystallization . 1300 °C, for o o 10
Temperature 20 kh | 3‘9?“:: e Pa < oR
<x°

F h trum Karlsmuh i HE=
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Module
body (Steel)

Il |dea !!
Produce pipes

from rods
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The result

Thé ty.pic”:al- falluremode

b N
[also In other case of “new i =
RPN . 1 Michael likes
promising material” ] this picture
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Facility needs

How to simulate 14 Mev neutrons
-Transmutation products

-< Leave this mainly to the I[FEMIE
presentation>
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Performance under component specific loading Stage IV
JFNT(S)F? CTF???
Not any facility existing

Qualified materials, full demonstration of performance Stage Ill
14 MeV neutrons or fusion specific n-spectra >>> |FMIF
To some limited extend ITER-TBM

Demonstration of performance limits Stage |l

Fission reactors (MTR of next generation like Jules-Horowitz)

(IFMIF)

Materials “Design” R&D Stage |

Fission reactors (MTR)

Multi-ion-beam irradiation facilitiers

Complementary Modelling essential m




Transmutation
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Where are main gaps in present knowledge
1) Effect of Helium
2) Complexity of operational conditions

Hel/dpa effect
addressed in
IFMIF

Thermal fields
Gradients, Inhomogeneous
Time-temperature history,

Multi-axial,
Which experiments can be performed in MTR Tritium, magnetic field,
-To validate models Multi-effects (

-To reduce risk of operation in FPP
-To identify the most critical condition / L
unknown failure modes
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Strategy of the neutron irradiation effect

prediction technigue development

Fusion neutron irradiation data cannot be acquired until IFMIF will be in operation

v'The initial DEMO design target should be within the range where fusion neutron irradiation data is
no too far off from the data trend obtained from fission irradiation experiments.

» Accumulation of “rich” fission irradiation database within above range is essential.

» It is critical to characterize and estimate materials performance under high does fusion
neutron irradiation using simulation experiments and computational modeling to predict
the range

Irradiation data by fission reactor tests

Elongation

Non-irradiation data ission data

Fusion neutron
irradiation data (ZFMIF)

Data needs to be
obtained in early stage
of IFMIF

Prediction from
It is important to predict simulation
where the He/H effects experiments and

become critical computational

30~50dpa/ ~700appmHe? modeling
Dose (dpa), He (appmHe), log




Strategy on the address

fusion neutron irradiation effects

. I (Mh'lndrtnd'n\
Experimental understanding echanical understanding

Dislocation damage, He effects, H effects, etc.

Theory of
Irradiation effect

Neutron irradiation (fission) lon beam irradiation)

/Mechanical icrostructur\e
property evolution
\ model model y.
anical property dats: l/licrostructure datel " Structure deformation )
7 model
Hardness Nano TEM L )
(Hv) hardness
(Hm) SEM Theoretical prediction
< Residue Computational
\_ leulnfmn -/

Others —— L (dpals, PKA)

Point defect migration, agglomeration
Evaluation of
fusion neutron

Microstructure evolution
Etc.
irradiation effects on

mechanical property

Interpretation
of mechanical
properties

IFMIF Irradiation
H. Tanigawa, Vienna Dec 2011, IAEA, modified




Some thougnts

Instead of a summary
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“Material” Issue Strategy /
Mitigation
RAFM steel sLimited by He transmutation Limited margin
«~700 / 1000 appm for improvement
Use NCF/ODS
SiC/SiC sLimited thermal conductivity after n-| unclear
irradiation
ODS steels Procurement of material DEMO/FPP needs | unknown
1000 tons (today typically 10-100 kg at best)
Manufacturing of complex components
(blanket box)
Irradiation *The future availability of fission reactors with | Only at political
facilities high fluence (~20 dpaly) is not ensured level
IFMIF volume sLimited volume. Limited capacity to qualify in | Pre-selection
short time more one (max two) structural | preferable
materials in time before DEMO voluntary
«Joints and welds need also qualification ! cooperations




Resources for MD were limited are limited and will be limited

« |ITER running out of budget, financial crises (EU US JP)

 “Tradition “: in aworld of decision makers and committees populated with
plasma physicists & (over)confidence in parts of the material science community

> New effort in coordinated activities of partners willing to share effort,
resources and results (exchange), respecting rules of IPR.

» Bi-/tri-lateral agreements or revival of IEA agreement
Objectives:

» Reduce no. of variants (chem. compositions)

» Focus on the key issue (either a property or technology)

» Seek for solutions in reasonable time (eg NCF ready in 10-15 years,
W-divertor in 15y. [Minimize the risk to fail

» Easy to start with: standardization of SSTT, development of design
methodology, development of software (link mechanical data from data
bases to microstructure), common data base development or handbooks
(mainly in future, today some data is classified of difficult to identity
owner) >> Proceed after gain in experience and confidence in partnership
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Thank you for you attention
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