Vol. 46 No. 6
Jun. 2018 pp.19—26

446 & %6 H
2018 4 6 H 4 19—26 1T

£ B = S D

Journal of Materials Engineering

R LU REREEITEN
Evaluation of Irradiation Properties for Fusion

Structural Materials

- B5 AR AL BRI AR

Ch E AR BT IS BE A RHOTE Br, 1)1 713 621908)

HE Pei, YAO Wei-zhi,LYU Jian-ming,ZHANG Xiang-dong
(Institute of Materials,China Academy of Engineering Physics,
Jiangyou 621908, Sichuan, China)

FEE : I B8 MR R IR A o B T R AR b R R O TR R D ORI R R BT T R IER TR
) 256 8 I R AN B . ZEIRE TR 14MeV rp—F J A 85 s 4 AR o IO b R D R B DL 3R AR b et TR
BN ST b B R R AR A VE A . DA o R 24 A op P sl 2 v T o RS A 1 SR 5 S R b T e R SR R
MK R B SR ) 14MeV 53l i rh 4R IR (A IFMIE) JRHIESE . THRBSR K L 4 U M A7 1) SR A8 b kL4 FR A B el K &2
TR A ASE UL 1 e S 3R A b ek O ) R A HE o P 1 o o 2 B

KEEWR: R SRR B TR TR

doi: 10. 11868/j. issn. 1001-4381. 2016. 001564

hESES: TL34 XERARIRED : A TEHES: 1001-4381(2018)06-0019-08

Abstract: On the basis of specific irradiation conditions in fusion reactor, the advantages and limita-
tions of the main proposed irradiation facilities including ion irradiation, fission neutron irradiation,
spallation neutron irradiation and fusion neutron irradiation were compared and evaluated. Ion acceler-
ators, fission reactors and theory and modeling are expected to continue to play an indispensable role
in studying the irradiation effect of fusion materials before the 14MeV neutron source is available. The
corresponding relation between irradiation data from real fusion neutron and irradiation data from ion,
fission neutron or spallation neutron irradiation has to be verified by irradiation using 14MeV high flux
neutron source (e. g. IFMIF). The construction of powerful, economy-efficient fusion materials irra-
diation facility and the development of multi-scale numerical simulation are the inevitable choices to fa-
cilitate the commercialized application of fusion materials.
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Table 1 Candidate materials and their irradiation
condition in fusion reactor!*?!
Zone Material Irradiation condition

Ferrite/Martensitic(ODS) steel 250-650C ,150dpa

Vanadium alloy 350-650C ,150dpa

High flux . . . .
SiC;/SiC composite 600-1100C ,150dpa
Refractory metal (W alloy) 650-1100C ,80dpa
Ceramic insulating material RT-500C,0. 1-10dpa
. RF window material RT-400C,0. 001-1dpa
Medium &.
Ceramic breeding material 300-700C ,1-60dpa
1OW flux

Neutron multiplication (Be alloy)  300-900°C ,1-60dpa

Superconducting material 80-100K,<Z0. 1dpa
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Fig. 1 Effect of primary knock-on atom damage energies
on the surviving defect fraction (normalized to the NRT
displacement damage value) ,as calculated by

molecular dynamics simulations!J
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Table 2 Comparison of He transmutation/implantation

rate in different environments'?”

He transmutation/
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~10"2h~!

Fast breeder reactor(n,a)
Fusion reactor(n,a)
Spallation source(p,a)
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Table 3 Irradiation of ferritic/martensitic steel in different neutron irradiate facilities'?®
Displacement damage Capsule individual
Facility He/ (10 % /dpa) H/ (105 /dpa) Totalvolume/L
rate/ (dpa/fpy) volume/L
DEMO 1st wall,3. 5MW/m? 30 11 41
IFMIF high flux test module 20-55 10-12 35-54 0.035 0.5
HFR fission reactor, position F8 2.5 0.3 0.8 2.2 37
HFIR fission reactor,target 24 0.35 5 0.1 3.7
BORG60 fast reactor, position D23 20 0.29 0.7 0.4 5
ESS spallation source, target hull 20-33 25-30 250-300
SNS spallation source FMITS,5cm 5 20 100 0.02 0. 04
SNS spallation source FMITS, 3cm 10 75 310 0.02 0. 04
SINQ spallation source, center rod 1 <10 <70 <470 0. 006 3
MTS spallation, fuel positions,15cm 17.5 29 — 0.001 0. 04
MTS spallation, fuel positions,5cm 32 16 — 0.001 0. 04
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