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Introduction

For developing high power advanced spallation neutron
targets, it iIs necessary to understand:

(1) the synergistic radiation effects of displacement damage,
He and H on the hardening and embrittlement, and

(2) liquid metal corrosion and embrittlement effects of
structural materials (under irradiation).
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Irradiation experiments at SINQ (STIP)

Materials STIP- STIP-II STIP-III STIP-IV STIP-V
Austenitic < 12 dpa < 20 dpa < 20 dpa < 20 dpa 20 dpa
steels < 400° C < 400° C <400° C | <400° C(?) 400° C
FM steels < 12 dpa < 20 dpa < 20 dpa < 25 dpa 20 dpa
(FMS) < 360° C < 400° C < 800° C < 600° C(?) 400° C
FMS-ODS < 20 dpa < 20 dpa < 25 dpa 20 dpa
<400° C < 800° C <600° C(?) 600° C
Ni-alloy < 12 dpa < 20 dpa
< 400° C < 400° C
Al-alloy < 3 dpa < 6 dpa
<60° C < 60° C
Zr-alloy < 22 dpa < 35dpa < 35dpa
<300° C <300° C <300° C
Ta < 30 dpa Yes
< 350° C
Mo, W, alloys Yes (no Yes (no Yes Yes
results) results)
SICf/SiC, CMC Yes (to be Yes (to be Yes
tested soon) tested soon) 800° C

PIE has been performed on the specimens under irradiation conditions marked in red colour.
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Irradiation induced effects In
austenitic steels

SS 316L, SS316LN, SS 316F, JPCA
In SA, CW and weld conditions




SS316LN

PAUL SCHERRER INSTITUT

Austenitic steels

[ 113,980, 309-364% [

' , . : i
9.7,770, 265-311%% | EC316LN

\ 1

| 7.6,535,204-240% |

Ti=22%

1000

-
\,
‘\
\
\
;

800 |

[ 53,335, 142-167 |
4, 265, 107-126% |

= i | 3,195, 77-915 | |
as .
= 600 " Unirr
%)
%)
o
& 400 -
200 | -
0 L 1 :n 1 1 1 L 1
0 10 20 30 40 50

Strain (%)

Stress (MPa)

800 -

s,

600

400

200

T T T T T T T

EC316LN
Tt=Ti

[ 4007, 17.3, 1735, 300-391% (L-type) |

350/, 17.3, 1735, 300-391 (L-type) |

1007, 4, 265, 107-126 |

3504, Unirr
2504, Unirr

| 3507, 11.3,980, 314-370% |

| 300%,9.7,770, 269-316%F |
| 1

[ 2505, 7.6, 535, 207-244%5 |

1504 , Unirr

[ 1509, 5.3, 335, 142-167

1

|

[ 1
l

AN

1 1

30 4

0

50

Strain (%)

Y. Dai et al. / INM, 377 (2008) 109

IWSMT-10, Beijing, Oct 18-22, 2010, Y. Dal

i, etal.



SS 316L

J. Chen et al./ JNM,
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Austenitic steels

Stress (MPa)
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Austenitic steels
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Austenitic steels
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Irradiation induced effects In
ferritic/martensitic steels

T91, T92, EM10, HT-9, EP823, MANET, F82H, Optimax —-A & -C,
Optifer-V & -I1X, Eurofer-97....
in N&T, EBW, TIG-W conditions
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Tensile properties of FMS after irradiation
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O Brittle fracture observed at doses >~10 dpa (800 appm He) in

different FM steels (F82H, EM10, EP823, HT-9
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O Brittle fracture observed at doses >~10 dpa (800 appm He) in
different FM steels (F82H, EM10, EP823, HT-9)
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Tensile properties of FMS after irradiation
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DBTT shift after N-irradiation
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Fig. 3. Comparison of i1mpact properties of EUROFER,

OCr2WTaV and 9Cr1Mo steels in the unirradiated condition
and after irradiation in BOR60 reactor at 325 °C for 32-42 dpa.
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DBTT shift of T91 after P-N irradiation
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FM steels — DBTT shift
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FM Steels
HFIR data
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O Less embrittlement at higher irradiation temperatures (>400° C)
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Dose and T range for FM steels for spallation target applications
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Results of ODS steels

G96 Gol
1600
I 262C, 7.7dpa 255C, 8.8dpa
1400 LT =RT 282C, 7.7dpa 274C, 8.8dpa|
[ —462C, 11dpa - 475C, 13dpa
1200 - ———499C, 11dpa - 514C, 13dpa
‘< _
& 1000 |- T=250C m
>
> 1 0 T,=400C
® 800 |- ]
S - T=500C
N 600 |- |
400 |-
200 |-
O ! | 1 1 1 ] l: 1 :| 1
0 5 10 15 20 25 30 35 40

Strain (%)

Hamaguchi et al. IWSMT-9

IWSMT-10, Beijing, Oct 18-22, 2010, Y. Dai, et al.




L,‘_: PAUL SCHERRER INSTITUT

Results of ODS steels
MA957: Impact Properties
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Results of ODS steels
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Irradiation induced effects In
pure Ta
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Pure Tantalum (Ta)

Ta from ISIS target Chen et al, JINM 318(2003)56.
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Pure Tantalum (Ta)

Tensile stress-strain curves of unirradiated Ta specimens
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Pure Tantalum (Ta)

Tensile stress-strain curves of unirradiated Ta specimens
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Pure Tantalum (Ta)

Tensile stress-strain curves of unirradiated Ta specimens
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Pure Tantalum (Ta)

Tensile stress-strain curves of unirradiated Ta specimens
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the H content. The STIP Ta samples showed very high H content
(35000 appm H @ 17 dpa).
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Summary

© A rather comprehensive materials database for spallation

target applications has bee established by conducting
iIrradiation experiments in SINQ targets and PIE.

@ Inthe low temperature regime (<350° C, temperature range
for all existing spallation targets), at high concentrations (>~500
appm), He can induce significant hardening and
embrittlement effects. Fracture toughness may decrease to
below the lower shelf value. DBTT of FM steels may easily
Increase to the operation temperature of a target.

@ Irradiation effects on Ta needs further studied in order to
understand He and H effects.
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Thank You !
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