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1. Over 400 nuclear power plants worldwide,
most reliant on nuclear energy countries:
France, Lithuania, Belgium, Slovakia and
Ukraine

Materials for nuclear waste
@ covering and storage

2. nuclear fusion is more safe and clean, but it is :>
still on the research s'tag'i'.
i
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.Application of ion beam in nuclear materials research

Dual Beam Facility @ HZDR
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- Positron annihilation spectroscopy
Mono-energetic slow positron beam
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main parameters s
- 22Na source => measured 102 e*/s below 511keV & e
- positron energy: 30 eV < Egyron < 37 keV g
=> (1nm < d < 5um) penetration depth s 1e51
- energy resolution at 511 keV: ;
DB 1.09 keV and cDB 0.78 keV 1e6 - i — o8 V
- signal to noise ratio: DB 102 ; CDB: 104 - 105 (a) e
- beam spot: d =4 mm 1e-7 ' : . : '
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BITRIM Monte Carlo Simulation
Zr/l and He irradiation on ZrO,
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- Positron annihilation spectroscopy
Results: Zr* & He* implantation
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i Positron annihilation spectroscopy
Results 1: I* & He* implantation

0.60 0.60
© only He" @ only He'
0:589 ® e onlyl 0.58 - ° A sequen.l I’ & He'
8 e Zr0, a A  sequent. He" &I
E 0.56 - ® 5 0.56 - ® onlyl
[T} ® ¥ & e Zr0,
E . £ A& simult. I & He*
| |
g 0541 o000 o g 0.54 :."§ °
YN
»n :'o.o. ® o n :.0%0. 42
® ]
0.52 - ° . ° 0.52 - . R4 8
L] @ @ ® L] (oI5 [4)
oo.o"'..=°l ) S 8 ooo."oo=°. ) 8 ﬁ
0.50 - 0.50 - ¢ °
0 10 20 30 40 0 10 20 30 40
positron energy E (keV) positron energy E (keV)
0 10 20 30 40 0 10 20 30 40
0.075 : . ' L 0.075 . . . :
0 . ° . .
0.070 - ."..'0'0'03 ® o 8 0.070 - ."..‘-'0"' 2 A8
o P o’ o A 3
[ ] o]
0.065 | o ° . ° 8
E ...0. ° E 0.008 .oazzzﬁ A & 3
[+H] @
E .... L] ° E lﬁ.... [ ] °
© 0.060 - 0® © 0.060 - @°
g g
L]
= 0.055 - 2 0.085 | £
L] L]
L ]
0050 { § 0.050 1 ;

0'045 0.045 concept w - -_Di !
P g



i Positron annihilation spectroscopy
Results: I*, Zr* & He* implantation
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Summary

- DB and cDB positron spectroscopy is a suitable tool to characterise vacancy-
type defects and delivers information about the He release in ZrO, :

- Zr* or I implantation creates the same vacancy-type defects (straight line
between virgin YSZ and the SW pairs of Zr and | in S-W-plot)

- only higher damage by I* implantation could be detected in comparison to Zr*
implantation (atomic numbers: Zr:40 and 1:53; different implantation energy),
chemical surrounding of defects unchanged

- He is released after simultaneous Zr* and He* implantation, empty vacancies
remain, vacancy-supported He diffusion

- no significant difference of damage between simultaneous and sequential I*
and He* implantation

- He is embedded into open volume created by simultaneous or sequential I*
and He+ implantation, in contrast to Zr* & He* implantation, model of vacancy-
supported diffusion process not working ?

Thanks!
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