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Ion irradiation behavior of a new type of nuclear grade FeCrAl alloy
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Abstract: A new type of nuclear grade Fel3Cr4 Al alloy was irradiated by 400 keV Fe" ions at 400 °C. Microstructure and microhardness of
the alloy before and after irradiation were analyzed by transmission electron microscopy and nanoindentor respectively. The results show
that a large number of dislocation loops are formed in the alloy matrix after irradiation by 400 keV Fe” ions and the vacancy cluster with
clear size is not formed. With the increase of the irradiation dose the size of the dislocation loop increases while their density increases
first and finally tends to a saturated value of 3. 1X10”/m’. The Fe" ions irradiation does not amorphize the alloy matrix but results in an
amorphization transition of the Laves phase. The content of Nb Mo Ta and Cr in the precipitated phase decrease with the increase of the
irradiation dose while the content of Si gradually increases. There is the obvious irradiation hardening in the depth range of 60—100 nm

and the critical depth value ( h,) is 100 nm. The irradiation—hardening value is in a powerHfunction relationship with the irradiation dose:

AH,, =0.4288(d) "®" and shows positive correlation with the microstructure parameter: AH,,, =55.36( ND) °.
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Fig.2 EDS results and selected area electron diffraction ( SAED) patterns of the as—received Fel3Cr4Al alloy
(a) EDS line scaning results; (b) and (¢) SAED patterns of matrix B and precipitate A in Fig.( a) ;
(d) and (e) EDS results of the matrix and precipitate in Fig.( a)
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Fig.3 Bright field TEM images and SAED patterns of the as—received and irradiated Fel3Cr4Al alloy
(a) and (e) as—received; (b) and (f) irradiation with 10 dpa; (c) and (g) irradiation with 20 dpa; (d) and (h) irradiation

with 60 dpa; inserted images (i) and (ii) are the SAED patterns of the matrix and the precipitate respectively
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Fig.4 Bright field TEM images of the Fel3Cr4Al alloy irradiated with different ion fluence
(a) and (d) irradiated with 10 dpa; (b) and (e) irradiated with 20 dpa; (¢) and (f) irradiated with 60 dpa;

(a) (b) and (c) underHocused images; (d) (e) and (f) overHocused images
1
Table 1 Parameters of dislocation loops of the alloy at different displacement damage
Displacement damage /dpa Average size N/nm Volume density D /( x10%* m™3) (ND) °3 /(%1072 nm™")
10 7. 66 2.16 1.27
20 8.52 2.72 1.52
60 13.00 3.11 2.01
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