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Deuterium retention in tungsten exposed to high flux plasmas
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1 Introduction Irradiation damage W# 3 Plasma exposure

Fusion reaction: W+ ions (12.3 MeV) were used as proxy for neutron damage. Pilot PSI (linear plasma generator)
D+T1T — He+ n(14.1M6V) W4 ions were implanted at fluences up to 6.5-10%° ions m2 at the 3 MV Coils
tandem accelerator at IPP-Garching. o .
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e 0 dpa = only low energy peak at 550 K
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« Deuterium retention is significantly enhanced by W#*

pre-irradiation and increases with damage. 5.0E+20
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e Depth of increased D retention up to 1.5 pm.
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The D retention is in the same order of magnitude as experiments performed at much lower fluxes by Tyburska et al [2]. «The average effective damage of one W#* ion is 3¢104 nm3.

- High flux (>102 m2s-1) does not significantly affect the damage level where saturation takes place.

Assumptions simple fit:

saturation at ~2+10'7 W ion/m? Positron Annihilation Spectroscopy

e Each 12.3 MeV W# ion displaces many W atoms. e |
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Trapping and Annihilation S-parameter: low-momentum

e MeV ions hit target at arbitrary positions and
‘fill’ the whole volume.

OO Ces @0

S-parameter
o
(&)
|_\

o
&)
o

Total deuterium retained (D/m?2)

2% 1020 - mepaéssl.::lir:sent | | | defect I’iCh 1o :
R s13_s14_s1s | W-parameter: high-momentum ==
— — - A T S S S S S S S S S S S R R S Ty ¢ I 0.48
Dsat(F) Dmax 1 e TRIM Teff 0 1% 1017 1107 3% 1017 . Ax 107 551017 6% 1017 "'§' [ - defect free non-irradiated, no exposure
depth Fluence (W ion/m?) > 0.47 ‘ | |
5 0 5 10 15 20 25
~ 2.0 um Results: fit parameters 193 Mey W {,.xa..,* s positron energy (keV)
W < > . e ~0 o 6... [ . . . . . . L. .
e . Saturated volume of one W ion: > 0o .o | 8 . Nonj lr.radlated and irradiated ta.rgeifs show a ;lear distinct Doppler broadening
12.3 MeV W4* -6 V. ~ 3e104 nm3 9 o . | profile in the depth range of the ion-implantation.
> (o) ; o M sat T . 'l‘ . . .
.40 o > 1.9¢104 D/ion R SRR ' » Subsequent exposure - change in defect structure in the first 50 nm below surface.
=ro 12.3 MeV W4+ [-="0 - g
R ' 'A. (o Je) “n, A FHERIAS, B . L ] : e, R (T . . . .
. > o . 504 510 512 514 . .
R B, . TRIM (E,, = 90 eV): one 12.3 MeV ion :'%& ° & oty eneray [keV] All targets show a similar behaviour of the bulk material
> °/°\o-><;>"”‘“ makes ~ 3.6+104 vacancies "8
o s This work, supported by the European Communities under the contract of Association
Q.o
T . . Not filled to complete depth? between EURATOM/FOM, was carried out within the framework of the European ) 1. . .
2 Occupatlon degree is ~ 0.5 P F: Fusion Programme with financial support from NWO. The views and opinions e-mail: hoen@rijnhuizen.nl
2 larger fluences needed! expressed herein do not necessarily reflect those of the European Commission.

[1] G. Wright et al, Nuclear fusion 50 (2010) 075006
[2] B. Tyburska-Puschel et al., Journal of Nuclear Materials 395 (2009) 150-155



mailto:hoen@rijnhuizen.nl

