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Table 1 Parameters of target materials CLAM and F82H.

JLER 7 P4 JEE IR I [Red:ta iR H

Element Atomic number Molar mass / g-mol™" Delocalization energy / eV Mass fraction / %
CLAM F82H

Fe 26 55.847 17.4 88.69 90.01

Cr 24 51.996 28 9.0 7.46

C 12 12.011 31 0.12 0.9

Mn 25 54.938 40 0.5 0.21

P 15 30.973 25 0.03 0

S 16 32.061 25 0.02 0

N 7 14.006 25 0.02 0

W 74 183.85 44 1.6 2.23

Ni 28 58.701 28 0.02 0
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D+D —n(245MeV)+ *He(0.82MeV) (1)
D+D - ‘T(1.01MeV)+'H(3.03MeV)  (2)
D+T —n(14.06MeV)+ *He(3.52MeV)  (3)

D+ He — 'H(14.67MeV) + *He(3.67MeV)  (4)
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W50 AR SRR R AR A, B
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Fig.2 DDR distribution as a function of depth in three
materials (CLAM, F82H and a-Fe) after neutron irradiations at
14.1 MeV (a) and 2.45 MeV (b).
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Fig.3 DDR distribution generated by non-ionizing effect of

neutron as a function of depth in three materials (CLAM, F82H

and a-Fe) after neutron irradiations at 14.1 MeV (a) and
2.45 MeV (b).
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Table 2 Data of neutron damage to a-Fe.

Hf Ry T RER WA VR 5 DDR I&AH Wit HEE R PR

Type of damage Neutron energy ~ Depth of peak  Peak of DDR Average order of Depth of damage
/ MeV / mm /107! dpa-n"-em? magnitude of damage / mm

SSE gV 2.45 28.32 244.7 107" 109

Total damage 14.1 24.28 186.1 107" 113

AR EH 2.45 20.22 14.11 107 125

Non-ionizing damage  14.1 36.38 1.378 1072 162

22 JRFFHEHR DDR IR E S

221 JRFPAAH DDR BEIR > Af

FIH Geantd 7 HTHE T RAHEH D-T =
A1) 14.67 MeV 1 3.03 MeV Jii % CLAM 4.
F82H . o-Fe — MM BIRIHAIEN . AR IKITHH
JRTFECES 1004, HUaIH— B BA TR X G
I . B 4 & XA RS A DDR BER
REERrAifh il . 22 3 FFIH T 7 XA RHE b
R4 — L BARRHE R -

HE 4 al%n, AFEREE T X =Fhph ki &
IR FE 11535 2 Bragg W Hh & A, MR ifnalee
HHTERRLIR Z . A R g & 15 75 =Rk 45
R LM 456K 4 5% 3 A, fEIX =Ff
ok, 3.03 MeV i T A5 IR B N T
14.67 MeV i, {H/2& FiI 34 1& A% 1) DDR U&{E i KT
Ja#, M 3.03 MeV 575 MM A AN o] 240
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Fig.4 DDR distribution as a function of depth in three
materials (CLAM, F82H and a-Fe) after proton irradiations at
14.67 MeV (a) and 3.03 MeV (b).

R3 RPN =FEEMRLE ARG BE
Table 3 Proton damage data in three materials (CLAM,
F82H and a-Fe).

Y HEMEL IE(EIREE DDR IEE iR B

fiE®  Target  Depthof  DDR peak Depth of

Proton materials peak /pum  value /107! damage

energy dpa'n'-cm? / um

/ MeV

1467 CLAM  501.75 10.12 534.32
F82H 503.05 10.04 537.11
o-Fe 499.72 9.913 534.25

3.03 CLAM 35.16 199.6 38.92
F82H 35.36 198.0 39.11
o-Fe 35.06 199.7 38.74

222 JRFUIRIRE AR

T B Ja U TS WA E A WITRRTEM B
W, I M RS AL AT K R T S AE AR
DIRMIE A A EER L. AR T 14.67 MeV
3.03 MeV ()i T 7EARFH JURR 1R BE Bl R B 1) A%
PR, g5l 5 B, R RFAE 3540 s
x4 FoR,

é 35
< (a) 14.67 MeV .
o 3.0 3
t \
~ 25}
=
.Q
220} i
815k | -- cLam 14
g - F82H d4
o l | — - %
Z 1.0 a-Fe i
2 !
Z 05 J: :
=3 ,
= |
S . . . " 40
= 0 100 200 300 400 500 600
Depth / pm
£
£ 25
= (b) 3.03 MeV
s 20}
=
2
5T
g - - CLAM
£ 10 | ---- F82H
=)
Q — a-Fe
=
=]
£ S5F
g
=
D
a " A
= 0 10 20
Depth / pm

5 14.67 MeV (a)5 3.03 MeV (b)ii 7-7£ CLAM. F82H,
a-Fe ZMUbpRE e 77 4 1) H J0RA B B VR FE 43 AT
Fig.5 Deposited H concentration as a function of depth in
three materials (CLAM, F82H and a-Fe) after proton
irradiations at 14.67 MeV (a) and 3.03 MeV (b).

R4 FFMRANEEMRIE R IR BE
Table 4 Deposited H data in three materials (CLAM,
F82H and a-Fe).

FiTRERE AUAR IR AR W Xof 2
Proton Target Peak of deposition IR
energy materials  concentration Depth of
/ MeV /10" appm peak / pm
14.67 CLAM 3.011 507.3
F82H 3.143 512.7
o-Fe 2.910 507.3
3.03 CLAM 23.37 36.06
F82H 24.68 36.22
o-Fe 24.94 35.99

H 5 f1Z& 4 ] LA HL, 14.67 MeV #13.03 MeV
() 50 DU B BB VR B 23 A BB R IARIE TR, (H
FEYUAR B WA 55 WA A T 82V 52 77 T 200 282 0 B K o
14.67 MeV i ¥ 7= A S E EPURTEFE NS
KR ZE 480-540 pm JEHEIA, 3.03 MeV it 177 A1
A FH LT AU R E 34-38 um U P
3.03 MeV Jit - %f B ) &L T B 0 R
14.67 MeV Jii 177 A MR F IR R IEET 8 £iF,
DRt oo 2 B AR SR - AE AP RER T DR, B 1k 5
ECAPRHE RE IR AL o
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Fig.6 DDR distribution as a function of depth in three
materials (CLAM, F82H and a-Fe) after a particle irradiation
at 3.67 MeV (a) and *He ion irradiation at 0.82 MeV (b).
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Damage mechanism of typical metal engineering materials in fusion reactor under irradiation

TANG Xiaobin'? LIU Jian' CHEN Feida' HUANG Hai' LI Huan' CHEN Da'?
1(Department of Nuclear Science and Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

2(Jiangsu Key Laboratory of Nuclear Energy Equipment Materials Engineering, Nanjing 210016, China)

Abstract Background: It is significant to maintain the safety and reliability of nuclear engineering materials under
a neutron irradiation environment. Purpose: This paper aims to investigate the irradiation damage mechanisms of
CLAM, F82H and a-Fe under the bombardment of neutrons, protons and heavy ions respectively with the aspects of
material displacement damage rate and impurities deposition. Methods: The model of material damage under
irradiation of reactor was established using the Monte Carlo package Geant4. Results: Irradiation damage caused by
neutrons was mainly displacement damage. The distribution of displacement damage caused by protons and heavy
ions corresponded to Bragg peak curve, whose incident depth and damage area were concentrated in the surface of
material. 14.67-MeV protons had an incident depth of 512 um while 0.82-MeV *He ions were 2.1 pm only.
Conclusion: The damage forming mechanism of metal engineering materials under extreme irradiation environment
was systematically analyzed, which provided a theoretical basis for further research of material changes of
macroscopic properties and microstructure after irradiation.
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