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Motivation: trapped D concentration in W vs. damage dose
irradiation near room temperature
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Motivation: trapped D concentration in W vs. damage dose
irradiation near room temperature
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Motivation: microstructure of W vs. irradiation temperature

« Vacancies in W are mobile at
temperatures > 600 K and can
agglomerate into clusters

« Microstructure of W at high
temperatures is dominated by
nm-sized voids

« Limited data at doses > 1 dpa

« Dose dependence of defect
density and trapped D
concentration at high
temperatures?
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MeV self-ion irradiation
to simulate displacement damage produced by fusion neutrons

1. Creating displacement damage

20 MeV W-ion irradiation to different damage doses (dpa) at 1350 K
raster-scanned (1 kHz) focused beam (2 mm), average dose rate: ~3x10-° dpa/s
20 MeV W

x dpa
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MeV self-ion irradiation
to simulate displacement damage produced by fusion neutrons

1. Creating displacement damage

20 MeV W-ion irradiation to different damage doses (dpa) at 1350 K
raster-scanned (1 kHz) focused beam (2 mm), average dose rate: ~3x10-° dpa/s

20 MeVW D plasma 2. Decorating damage with deuterium
_§ + Tsample =370 K, E,,,<5eV/D,
- [, < 102° D/(m?s), ®,,, > 102> D/m?

3. Quantitative analyses

- D(®He,p)a nuclear reaction analysis
= Trapped D concentration

- Thermal desorption spectroscopy
0 = D trapping mechanisms
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D retention in W irradiated at 1350 K
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D retention in W irradiated at 1350 K
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D retention in W irradiated at 1350 K
Literature: 0.2-0.45 dpa, D loading at 370-470 K
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D retention in W irradiated at 1350 K
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Microstructure of W irradiated at 1350 K
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Microstructure of W irradiated at 1350 K
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Results from DFT and ab-initio MD simulations

« D atoms adsorbed at a void surface
* D, molecules in a void volume

 Different D retention mechanism .
compared with single vacancies Slirface
(irradiation at low temperatures),
where only D atoms are trapped!

J. Hou et al., Nature Materials 2019 (18), 833
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Reaction-diffusion model of D trapping and releas

e from voids

Microscopic volume at coordinate x

« Diffusion equation for interstitial D including trapping:

oC d%C

Erin D(T) P Apoia(x, t)

« D trapping/release from voids:

Avoia(x,t) = 4TRD(T)Nyoiq (¥)[C(x, 1) = Co(x, 1]

Co

— .
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C > Cy: D trapping Q
C < (Cy: D release
o trapping
C = C,: Equilibrium Co ¢
C equilibrium C
 Need to relate ¢, with D content in a void 0 /
release
Co C
M. Zibrov, K. Schmid, Nucl. Mater.Energy 30 (2022) 101121 O
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D potential energy landscape near a void surface

Distance from void center

« States of D void vqumeI void surfacel bulkI

1. D, gas in void volume (n

mol)

2. D atoms at void surface (o)

3. Subsurface interstitial D (C,)
— coupling with diffusion eq.

o——0 [¢ p
O+—O0 Ijjfr
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D potential energy landscape near a void surface

Distance from void center

« States of D void vqumeI void surfacel bulkI

1. D, gas in void volume (n )
2. D atoms at void surface (o)

3. Subsurface interstitial D (C,)
— coupling with diffusion eq.

Potential energy
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D, equation of state
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Simulation results: D depth profiles
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Desorption flux (10" D/(m?s))

Simulation results: TDS spectra

(@)
L

O.ldpaII R IExberirlnenlt

—— Simulation

O_SdpalI R IExberirlnenlt

—— Simulation .

N
1

Desorption flux (10" D/(m?s))

o

400 500 600 700 800 900 1000
Temperature (K)

400 500 600 700 800 900 1000
Temperature (K)

Reasonable agreement with experimental TDS spectra
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Simulation results: composition of TDS spectra
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Simulation results: composition of TDS spectra
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Simulation results: composition of TDS spectra
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Simulation results: discussion
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Summary

» Formation of nm-sized voids after self-ion irradiation of W at 1350 K
» No clear saturation of void swelling up to 2.3 dpa
» No clear saturation of trapped D concentration

» TDS indicates different D trapping mechanism compared with irradiation
at 290 K

» Can be explained by assuming that D is trapped as D, gas in void volume
and as D atoms at void surface
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