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Fig.1 Distributions of Ar® irradiation damage dose and implanted
Ar" concentration as a function of the target depth of

Zr-0.75Sn-1Nb-0.35Fe-0.15Cr alloy
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Fig.2 EBSD analysis results of Zr-0.75Sn-1Nb-0.35Fe-0.15Cr alloy
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Fig.3 Microstructures (a—e) and size distribution of second phase particles (f) of Zr-0.75Sn-1Nb-0.35Fe-0.15Cr alloy before irradiation:

(a—b) TEM bright field (BF) images; (c—d) images of second phase particles and the corresponding SAED patterns; (e) image of the second

phase particles selected
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Table1 Chemical compositions of the second phase particles in Zr-0.75Sn-1Nb-0.35Fe-0.15Cr alloy before irradiation

Chemical composition/at%

Marked point in Fig.3e Fe/Cr Nb/Fe
Zr Sn Fe Cr Nb
a' 443 0.2 23.3 10.3 22.0 2.26 0.94
b' 51.8 0.3 20.5 115 16.0 1.78 0.78
c' 54.7 0.3 17.7 9.5 17.8 1.86 1.01
d 60.2 0.5 15.8 7.9 15.6 2.00 0.99
e' 63.9 0.5 14.9 7.0 13.6 2.13 0.91
f' 58.9 0.3 19.3 8.9 12.7 2.17 0.65
g 81.6 0.9 6.3 3.7 7.6 1.70 121
h 62.4 0.5 15.8 7.4 13.8 2.14 0.87
i 64.7 0.4 14.4 7.2 13.3 2.00 0.92
j 86.1 0.5 4.9 3.3 51 1.48 1.04
k 56.4 0.3 19.5 7.8 16.1 1.21 0.83
| 62.0 0.5 15.3 8.6 13.7 1.78 0.89
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Fig.4 TEM images of <a>-type dislocation loops formed in Zr-0.75Sn-1Nb-0.35Fe-0.15Cr alloy after irradiation
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Fig.5 Structural and EDS element analysis results of the second phase particles in Zr-0.75Sn-1Nb-0.35Fe-0.15Cr alloy after 1 dpa irradiation:
(a) TEM-BF image; (b—c) second phase particles and the corresponding (HRTEM) images; (d—g, h) EDS element mapping and EDS
element line scanning of the 2# second phase particle circled in Fig.5a and Fig.5d, respectively
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Fig.6 Structural and EDS element analysis results of the second phase particles in Zr-0.75Sn-1Nb-0.35Fe-0.15Cr alloy after 5 dpa irradiation:
(a) TEM-BF image; (b—c) second phase particles and the corresponding HRTEM images; (d—g) EDS element mappings of the 3# and 4#

second phase particles; (h) EDS element line scanning of the 3# second phase particle circled in Fig.6a and Fig.6e
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Fig.7 Corrosion mass gain curves of unirradiated and irradiated
Zr-0.75Sn-1Nb-0.35Fe-0.15Cr alloy
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Fig.8 Fracture morphologies of the oxide films formed on the unirradiated and irradiated Zr-0.75Sn-1Nb-0.35Fe-0.15Cr alloy after corrosion

for 90 d: (al-a3) unirradiated, (b1-b3) 1 dpa irradiated, and (c1-c3) 5 dpa irradiated



© 1648 -

L E A e

53 3%

&I 90 d J5 AL IR TSR . TLLE H, REEIRRE
sty S B 2 ST 5 o IR S 2R, S AR T AL
FEAMU L 5 BRI, AR S A T AR B Py L R,
T PR i A R O R SR AL 4. A, RARIRAE
il B0 BN AR AE SR I O/M FHIH 0 X35, 1 4 R b
LB o3 AT T HEAFER i X
2.4 FHESHEIRMAR

9 AR EARFER Zr-0.755n-1Nb-
0.35Fe-0.15Cr A4 i1k 90 d J& I A A MRk 1] S A 4L 211
TEM & FTLLE H, ARG RERE i 1 A I M AR AR A
(A5 5 X, T 1 dpa A1 5 dpa £ i AU Ak I 4 3 AR
B o A HERE UL B ) S il SR A )N, AFTERR 2 AL
B, AR SR, FEE W E AT T O/M Fim R i)
TS, T HERE i S A TR o5t X PN A ) S B i b
TR . RIRGE RN, R AR E A 55
B o EERIAEIR B N RS, T e R R
i7" Zr-0.75Sn-1Nb-0.35Fe-0.15Cr & 4> Ji& 1Ay 1 (0 Ji fnh

10~K 12 43 5l A oA FEORN 4R BRURE S R85 1t 90 d
Je A AT 1) s RS 3 (HAADR) 2 55 Aot
A5 & HRTEM 1 FFT Zdrss . nfUUEH, BT E
FEM O/M FIHIINE AT SR, 150 T REAN S AL IR AR Kk
BN B TR IR o AR 8 A AT
(RSZ I, 3 A 2 FE AR 2 RS o S A A ) X sl ) 28
AT T AR S B T

M 100~10g AT PAE H, A% EFE ity S H X

-
II -
-
\ -

1 .Columnar grain-zone: ws
. T . ¢

P1 P RSHICR I EE A AL FI A4 4t B35 0 T L4 fk
Yy, BACERIEMT, RS EUNY A2 FT A3 B AR S
JE AR, B8 AR R X3k P2 HET A1)
S ARAT BER e T R B ALY, RRERIE M, ULEHEE A
JUT 8RB B O/M FHBkil, S FE I I, I\ EDS
MR LA, BT P1H A3 24 Zr-Nb 5 — 4,
HAB#H Zr-Fe-Cr-Nb 25 —AH, HFTAH PR
513 A, AEEAE Zr TR BOLR . EERIX
P1 " IEE A0 AL, A3 FIXIH P2 #1255 —4H A5. A6
HEAT G, RILX IR P14 — A0 AL KER9 N3E
mgEN, LG XIRE A m-ZrO,, 1A —AH A3
AN m-NbOs; XI5k P2 HHEE 25 O/M FrTHI Bz 2 —
FH A5 EB AL m-ZrO,, TR ES O/M FrIHIHGT 158 —
HH A6 KK AEA, 54 hep-Zr(Fe,Cr,Nb),.

MK 11b~11g AT LUEH, 75 1 dpa %8 HEFE 5 AR
PR, X3k P3 A P4 Py 14 35— AH 5 1 S AL P 4t P A
eh, BLACERAORE, U0BASE T ARAAR R S . AR T 4
HgER, AP Fe. Cr. Nb TEBSN M, AF
TEAE Zr JUE M AR AR (4 SO 5 o %o 58— AH AT 45
M R, 5 AN AERE, Bl B AHE A
fce-ZrO, i B2 & — il %N t-Zr0,.

M 12b~12g HATLAE i, 7E 5 dpa 4@ MEAE AL AL
JE, SEITANRIRIIX 4K P5 N 55 A5 A B AL At
AR, ECA AR ER, TR B O/M FLIRIHEL X 3k P6
PRI 2R AR BEARE R B B 5, ELEC RIS, R AE
I A A RAN R T 25 AR &, T EE S O/M Fiim

BF .

Equiaxed grain
/f \\
N J :

olumnar grain zone

Matrix’

U
o
« 'Equiaxed grain zong¢
» I

\’l
Ny gl
B

/
Columnar grain zene

Matrix

/Columna,; grain.zong

245

B9 RiEHFFEE Zr-0.755n-1Nb-0.35Fe-0.15Cr £ 4 7E /& 1k 90 d (4L LAk TEM B, A%
Fig.9 Cross section TEM bright field (al-cl) and dark field (a2-c2) images of the oxide films of the unirradiated and irradiated
Zr-0.75Sn-1Nb-0.35Fe-0.15Cr alloy after corrosion for 90 d: (al-a2) unirradiated, (b1-b2) 1 dpa irradiated, and (c1-c2) 5 dpa irradiated
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Fig.10 High angle annular dark field (HAADF) image (a) and the corresponding element mappings (b—c); HRTEM images and the fast Fourier

transformation (FFT) analysis results (d—g) of the second phase particles in different regions of the oxide film formed on the unirradiated

Zr-0.75Sn-1Nb-0.35Fe-0.15Cr alloy after corrosion for 90 d
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Fig.11 HAADF image (a) and the corresponding EDS element mappings (b—c); HRTEM images and the corresponding the FFT analysis results (d-g)

of the second phase particles in different regions of the oxide film formed on the 1 dpa irradiated Zr-0.75Sn-1Nb-0.35Fe-0.15Cr alloy

after corrosion for 90 d
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Fig.12 HAADF image (a) and the corresponding EDS element mappings (b—c); HRTEM images and corresponding the FFT analysis results (d-g)

of the second phase particles in different regions of the oxide film formed on the 5 dpa irradiated Zr-0.75Sn-1Nb-0.35Fe-0.15Cr alloy

after corrosion for 90 d
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Table 2 Oxidation behaviors of the second phase particles in the oxide films formed on the Zr-0.75Sn-1Nb-0.35Fe-0.15Cr alloy

irradiated with different doses after corrosion for 90 d

Irradiation dose/dpa Second phase particle

Distance from surface/pm Structure of second phase particle

Unirradiated A3 1.46 m-Nb,0s
1 B2 1.36 Amorphous, periphery t-ZrO,
5 C2 1.20 Amorphous, periphery m-ZrO,
#5 dpa FEAR AR EE A0 C2 (FEERTH 1.20 um) 1538 2021: 478
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Effect of Ar lon Irradiation on Microstructure and Corrosion Resistance of
Zr-0.755n-1Nb-0.35Fe-0.15Cr Alloy

Gu Zhiyuan®, Wu Yue?, Lin Xiaodong™?, Yao Meiyi*, Hu Lijuan®, Liang Xue?, Li Yifeng?, Peng Jianchao?,
Xie Yaoping', Zhou Bangxin*
(1. Institute of Materials, Shanghai University, Shanghai 200072, China)
(2. Laboratory for Microstructures, Shanghai University, Shanghai 200444, China)

Abstract: Zr-0.75Sn-1Nb-0.35Fe-0.15Cr (wt%) alloy plates were prepared by smelting, hot rolling, cold rolling and annealing techniques
successively. The samples were then irradiated on an electrostatic accelerator with Ar* to a influence of 1.02x10" and 5.1x<10" ions/cm?
(corresponding to 1 dpa and 5 dpa, respectively) at 300 °C. Both the unirradiated and irradiated samples were exposed to 360 °C/18.6 MPa/
0.01 mol/L LiOH aqueous solution for 90 d. The microstructures of the alloy matrix before and after irradiation and the oxide film formed after
corrosion were characterized by SEM and TEM. The results show that before irradiation the alloy is fully recrystallized and the grains are
equiaxed. The second phase particles are mainly Zr(Fe,Cr,Nb), with a fcc or hcp structure, and their size is within the range of 50-100 nm. After
irradiation, <a>-type dislocation loops were observed in the irradiated region of the alloy, and the second phase particles are completely
amorphous, but the element diffusion from the second phase particles to the matrix is not found. After corrosion for 90 d, the oxide film of the
irradiated samples is thinner than that of the unirradiated sample, indicating that Ar*irradiation decreases the corrosion rate of the alloy to some
extent at early stage of corrosion. This can be explained by the fact that Ar" irradiation could delay the microstructural evolution of oxide film,
including reducing the proportion of equiaxed grains and the number of cracks in the oxide film, as well as slowing down the oxidation of
amorphous second phase particles induced by irradiation, thus enhancing the protectiveness of the oxide film.
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