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Microstructural Evolution in Fe-Cr-Al Alloys under Irradiation

Kodai Toyota® and Naoyuki Hashimoto
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Fe-Cr-Al ferritic steel is one of candidate structure materials for next-generation nuclear and fusion reactor due to its good
corrosion resistance by alumina layer formed on surface. While, the effect of aluminum on microstructural evolution under neutron
irradiation seems not to be clear. In this study, in-situ electron irradiation experiment was carried out for Fe-12Cr-5Al and Fe-12Cr
in order to investigate the difference of damage evolution between with and without aluminum. Electron irradiation to Fe-12Cr-5Al
resulted in less number density and larger size of dislocation loops compared with that in Fe-12Cr. This suggested that aluminum
in matrix would have a strong interaction with vacancy, leading to more interstitial flow into dislocation loops.
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DIETIFE 7 IS BRI AT BRI 2 2 2 I35 2 &
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HIRI e 2 BT H LB, AWFZETIE, Fe-Cr-Al 7 = 74
I D RS 2 SRl 5 720, WEEETHMEE v
BT HIRE E O BIE I 5 & RN gs 2 724 4 > g
FEREAT o 72, REBROF H L, Fe-Cr-Al 7 =5 4 M
Al O BBEHEBHIREZLICRIZTRETH Y, EBROR TR
BBRBE AL L - I SR 2B A HfiV — TR - REEH)
AL 7.
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Be L7

Table 1 The chemical composition of Fe-12Cr-5Al model alloy.
(mass %)

Fe Cr Al Si C N o
Bal. 11.82 6.82 0.01 0.003 0.0059 0.0013

Table 2 Electropolishing conditions.

Acetic acid : Perchloric acid

Electrolyte Solution

=19:1
Voltage (U/V) 35.0~100.0
Electric current (I/mA) 30~400
Solution temperature (7/°C) 15.0~17.0
Pump rate 7~20
Light sensitivity 17~40
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(TIARA) T® Fe £ & >, He A & » [lRE MR FZERICAE L 72
4 F v WG IEER S Table 4 1278 L7z,
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Fig. 112, 400C T2dpa ¥ TET-HMES %17 > 7 Fe-12Cr-
5A1 & Fe-12Cr @ MA ) 22 FEAGRAR % 7R 9.

Table 3 Electron beam irradiation conditions.

Irradiation temperature (7/°C) 300, 400, 500, 600

Accelerating voltage (U/kV) 1250

Dose rate (dpa-s™) 1.0x1073

Maximum dose (dpa) 2

Table 4 Ion irradiation conditions.

Irradiation temperature (7/°C) 300
Ion Fe*, He"
Dose rate (dpa+s™) 1.0x1073
Maximum dose (dpa) 3
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Fig. 2 The change in average diameter of dislocation loops
formed in Fe-12Cr-5Al and Fe-12Cr irradiated at 400C.
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Fig. 3 The change in number density of dislocation loops
formed in Fe-12Cr-5Al and Fe-12Cr irradiated at 400C.
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Fig. 1 The typical irradiation damaged microstructure in Fe-12Cr-5Al and Fe-12Cr irradiated by electron beam at 400T.
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Fig. 4 The typical irradiation damaged microstructure in Fe-12Cr-5Al and Fe-12Cr irradiated by electron beam at 500C.
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Fig. 5 The change in average diameter of dislocation loops
formed in Fe-12Cr-5Al and Fe-12Cr irradiated at 500C.
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Fig. 6 The change in number density of dislocation loops
formed in Fe-12Cr-5Al and Fe-12Cr irradiated at 500C.
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Fig. 8 The change in average diameter of dislocation loops
formed in Fe-12Cr-5Al and Fe-12Cr irradiated at 600C.

1x102
~o—Fe-12Cr-5Al
=o—Fe-12Cr
o 1%102
E E
S ;
3 -
2 1x100F ° N
S E
3 ;
2
g I
= 1x101}
1x1018
0 1 2

Dose , D/dpa

Fig. 9 The change in number density of dislocation loops
formed in Fe-12Cr-5Al and Fe-12Cr irradiated at 600C.
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Fig. 10 The typical irradiation damaged microstructure in
Fe-12Cr-5Al irradiated by electron beam and ion at 300C under
1 dpa. (a) electron beam irradiation, (b) ion irradiation.
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Fig. 11  Size distribution of dislocation loops in Fe-12Cr-5Al irradiated at 300C to a dose of 1 dpa (a) electron beam irradiation, (b)

ion irradiation.
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Fig. 12 The irradiation damaged microstructure of Fe-12Cr-5Al and Fe-12Cr to a dose of 1 dpa at various temperatures.
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