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Introduction: cold rolled tungsten sheets ﬂ(“‘
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Hot rolled tungsten Cold rolled tungsten
Test temperature: RT Test temperature: RT

Why are cold rolled tungsten sheets ductile?
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Introduction: Microstructure of tungsten sheets ﬂ(“‘
1000 pm sheet 100 pm foil ==

Materials
hot rolled
ler
1000Hm | e —="=~rolling”| =
50(5L o == prom | "' | B
300 ”m A = 11000 coarsegralned : : : :
ler 900+ ]
200 pm E s00- :
L er (001)<110> texture c 700- -
S 6004 fine grained .
100 pm 2 L]
'-§ 500 i
(PLANSEE SE) ‘g 4004 \T\} J
8 3004 UFG 240 nm \ -
2 200+ >Y
©
5 100
0
1000 500 300 200 100
thickness (um)
6 S.Bonk, KIT (IAM-AWP), simon.bonk@kit.edu Published:

IGFRI-18, Aomori, November 2017 S. Bonk et al., Int. J. Refract. Met. H. 60 (2016), p. 92-98



7

Contents

|. Introduction
ll. Fundamental research

a) Ductility

b) Brittle-to-ductile transition

c) Recovery and recrystallization
lll. Joining technology

I\VV. Applications

S. Bonk, KIT (IAM-AWP), simon.bonk@kit.edu
ICFRM-18, Aomori, November 2017

It

sruher Institut fur Techno

KIT: Institute for Applied Materials
- Applied Materials Physics



Tensile ductility .&‘(IT
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Cold rolling:

® Increased strength at all testing temperatures
® Room temperature ductility
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Tensile tests .&‘(IT
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Increased cold rolling:

® Further increased strength and room temperature ductility
® Fast hardening & plateau for 100 pum foil (independent of T;.4;)
- Change in deformation mechanisms!
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Mechanical properties: yield strength over T
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® Cold rolling: significant increase of o ,
® Decreasing o, , With increasing T

- Screw dislocation still dominant!
® 100 um foil: atypical behaviour
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Imaging of dislocations in tungsten ﬂ(“.
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TEM 100 pm foil HR-EBSD GNDS%Q::E],

Hypothesis to enhanced uniform elongation without Taylor hardening

Ordered glide of screw dislocations that move along HAGBs channels
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Strain rate jump tests: procedure
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Strain rate sensitivity: low temperature behaviour .&‘(IT
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Kink pair mechanismen:

Screw dislocations dominant at low temperatures
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Strain rate sensitivity: high temperature behaviour .;\‘(IT
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Strain rate sensitivity: technical importance
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® Low temperatures: Anistropic deformation behavior under tensile load
® Temperatures > T,: Similar tensile behavior in RD and perpendicular to RD

- Anistropic deformation behavior under tensile load diminishes

- Attributed to the change in grain boundary — dislocation interaction
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The brittle-to-ductile transition (BDT)
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The brittle-to-ductile transition (BDT)
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The brittle-to-ductile transition (BDT)

S. Bonk, KIT (IAM-AWP), simon.bonk@kit.edu
ICFRM-18, Aomori, November 2017

SKIT

Karlsruher Institut far Technologie

4.1

» 18.75

285
37.5

[C. Bonnekoh]

KIT: Institute for Applied Materials
- Applied Materials Physics



Contents ﬂ(“.

sruher Institut fur Techno

|. Introduction
Il. Fundamental research

a) Ductility

b) Brittle-to-ductile transition

c) Recovery and recrystallization
lll. Joining technology

I\VV. Applications

20 S. Bonk, KIT (IAM-AWP), simon.bonk@kit.edu

KIT: Institute for Applied Materials
ICFRM-18, Aomori, November 2017

- Applied Materials Physics



SKIT

Thermal stabilization of UFG microstructure
K=60 ppm
pp cold low temperature
rolling rollin

1000pum (@ = 1.6) sl 200um (¢ = 3.1)

g
S50um (¢ = 4.6)

_—

10 ym
Production of K-doped tungsten sheets or
- Thermal stabilization by grain boundary pinning _
[P. Lied]
21 S. Bonk, KIT (IAM-AWP), simon.bonk@kit.edu KIT: Institute for Applied Materials

ICFRM-18, Aomori, November 2017 - Applied Materials Physics



SKIT

C o n te n ts Karlsruher Institut far Technologie

lll. Joining technology

22 S. Bonk, KIT (IAM-AWP), simon.bonk@kit.edu KIT: Institute for Applied Materials
ICFRM-18, Aomori, November 2017 - Applied Materials Physics



Joining technology: W-Cu and W-W ﬂ(IT
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Application: mock-ups ready for testing Q(IT
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W-Cu Laminate PipesL=1m HHF test for Divertor Component

(H.Greuner, IPP, GLADIS, H,0, 28 MW)

W-Cu Laminate Pipes
+

Tungsten Monoblocks
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Highlights ﬂ(".
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® Cold rolled UFG tungsten enhanced properties
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® New batch of cold rolled K-doped tungsten with (¢ = 4.7, 50 pm thin)

® Large scale production of W-laminate pipes

® Development of W-W laminates g/’g

26

S. Bonk, KIT (IAM-AWP), simon.bonk@kit.edu
ICFRM-18, Aomori, November 2017




SKIT

Karlsruher Institut fiir Technologie

Thank you for your attention!

special thanks to: Deutsche Forschungsgemeinschaft (RE 3551-2/1; RE3554-2/1),
PLANSEE SE,
University of Oxford,
Erich Schmid Institute of Materials Science,
Forschungszentrum Julich,
EUROfusion,
all involved colleagues at IAM (KIT).

— ) EUROfusion

\=?
UNIVERSITY OF ' N
OXFORD J JUL'CH
FORSCHUNGSZENTRUM
27 S. Bonk, KIT (IAM-AWP), simon.bonk@kit.edu KIT: Institute for Applied Materials

ICFRM-18, Aomori, November 2017 - Applied Materials Physics



