| S
Study of tungsten and tungsten compound coatings for magnetic fusion

research: damage, hydrogen retention and permeation

PhD Program in “Energy and Nuclear Science and Technology” (started Nov. 2013)

Motivations & Aims

State of the art

Neutronic and

lonic Fluences
 transmutation processes
» collisional cascades within material

Thermal loads

Sputtering processes

ITER Plasma Facing Components

A. Pezzol

Supervisors: Prof. M.Passoni, Dr. D. Dellasega

Dipartimento di Energia, Politecnico di Milano — Milano (ltaly).

Damage
1 Erosion

| Re/Co-deposition.

> Enhancement in Hydrogen isotopes retention and permeation
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W co-deposits with structure and morphology different
from bulk W

« W compound coatings: interaction with buffer (N,) and/or
impurity gasses (O,)

 Multi-layer deposition

» Loss in thermo-mechanical properties.

Aims of the research activity

Deposition approach

Pulsed Laser Deposition
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9 nanoscale coatings properties control

Substrates

* Si(100)
* polycrystalline W

« F=9+14 J/icm?
«E=710 <+ 815mJ

*A=532 nm
et=7-10 ns

Deposition parameters

* He, Ar, N,, O, pressure
* Target-Substrate distance d,; = 6+7 cm

Target
* Metallic W

* glass
 fused silica
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deposited an thermal annealed

« to produce, at lab-scale, W and W compound coatings resembling tokamak W and W compound layers
« to test these films in fusion relevant experiments to understand their retention and permeation properties,;
« to analyze their properties both pre- and post experiments (i.e. exposures, retention tests, thermal annealing treatments).

Research Project
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exposures to tokamak divertor-like high-flux D plasma
(PILOT-PSI, Magnum-PS)

exposures to tokamak divertor-like high-flux D plasma
(PSI-2)

Foreseen activities

Results analysis of

Production of further films to test:

samples: -> Exposed to PSI-2 (Julich)

- W and WO,
-> WN
- W charged with He and Ar
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Selecting parameters in PLD and post-deposition
treatments we can tune finely films properties:

- Depositing in vacuum (103 Pa):
e Columnar W films

—->Using different pressure of different gasses
(He and Ar):
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e Nanostructured W films (70 Pa He)

* Porous W films (50 Pa Ar)
- Exploiting proper post-deposition thermal
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XRD analysis: W films

Exposures to divertor-like plasma

Q 2EFER  SMagnum-psi
lon fluence ~ 10%° m-

lon flux ~ 1024 m=2 g1

Te ~0,5-2eV

Temperature ~ 300°C
Floating Bias

Samples exposed:

1 um

1 pum a-WO,

900 nm c-W + 100 nm a-WQO,
950 nm ¢c-W + 50 nm a-WO,
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Samples are exposed to D flux plasma in two linear plasma
generators (i.e. Magnum-PSlI, PSI-2) at ITER relevant conditions:
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lon fluence
lon flux

Te
Temperature

Floating Bias

~ 1026 m-2

~ 1022 m-2 S-l
~3eV

~ 220°C

Samples exposed:

1 pum Nano-W

3.5 um Nano-W
1 pum Porous-W

1 um Annealed-W

- Nano-W
- Thick-W

- Porous-W
- Annealed-W
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D retention (D/m?)

1017

f

1) EUROfusion

Y,
\=

annealing treatment of nano-W (vacuum 10
> Pafor 1 hat 750°C)

* Annealed W films

B WO, films e

Films Oxidation

100 Pa

60 Pa

15 Pa

M —

Miman S SSEVE RN

5 Pa

200 400 600 800 1000 1200
Raman Shift (cm ™)

Raman analysis: W and WO, films
deposited changing O, pressure

* nearly stoichiometric

Morphology and Structure

200nm 200nm

First row: WO, films deposited ranging O, pressure from 5 to 100 Pa
Second row: Multi layer structures with columnar-\W and a-WO,

By varying background reactive gas pressure (O,) IS possible to obtain:

* metallic W films with an high concentration of O not bonded (up to 30 Pa)

amorphous WO; (a-WO;) films with different

morphology: from compact to porous (above 30 Pa up to 100 Pa)

Post exposure films characterization
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- Morphological surface modification
- Oxide amorphization
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- Oxygen loss due to the combined effect of D and
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Atom Concentration O (%)

- Radial oxygen loss (a radial distance from sample center)
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- Nano-lamellae formation -2 Flattening of film surface

- Macro-bubble formation -2 Crystalline features

- Cracks formation
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- Retention and D bonding is different in W and a-WOQO,
- Retention in 1 pm and 0.1 pm a-WQO; film is almost the same

- 50 nm of a-WO;, influences retention of W coating
- Retention in a-WO, films could be underestimated due to heavy waters not

detected [2]
- D amount retained depends on coating thickness (Nano-\W and Thick-\W)

- PSI-2 results are consistent with Pilot-PSI [1] and Magnum-PSI results
(different flux)

- Porous-W retains less D than Nano-\W
* Open structure .
« Oxygen scavenging effect (??7?)

- Annealed W retains less D than other coatings (-=>similar to bulk-W
retention)
[1] M.H.J.t Hoen et al., Journal of Nuclear Materials, 463 (2015)

Bad thermal conductivity - Hotter surface(???)

[2] A. Pezzoli et al., Journal of Nuclear Materials, 463 (2015)

Conclusions

Using

PLD technique, W and WO, films were deposited:

« different morphology and stoichiometry
 multi-layer structures.

Annealing treatment allow to tune films properties.
These films could mimic various tokamak’s scenario.
Exposures have been performed at ITER relevant conditions:

« morphology, structure and stoichiometry modifications
occur

* D retention depends on W properties and on the presence
of oxide layers
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