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Fig.1 Distribution curves of Ar" irradiation damage dose and injected
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Fig.2 TEM brightfield images and structural analysis of as-received Zr-1.0Sn-1.0Nb-0.1Fe plate samples: (a, b)TEM brightfield image; SAED

patterns of two ribbon axes corresponding to the second al~a2 and P2; SAED patterns of two ribbon axes corresponding to the second b1~b2 and
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Fig.4 HAADF image and second-phase line scan results after irradiation of Zr-1.0Sn-1.0Nb-0.1Fe alloy at 5 dpa (b~e,(a)Second phase line scan
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Fig. 5 The second-phase TEM brightfield images shown in Fig. 4 (a, b, ¢, d) and corresponding HRTEM images/FFT patterns in (al/a2, bl/b2, c1/c2,
d1/d2)
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Fig.6 Corrosion weight gain-exposure time and double logarithmic coordinates of Zr-1.0Sn-1.0Nb-0.1Fe alloy in aqueous solution of 360 °C/Li+B
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Fig.10 Cross-sectional microstructure and structure analysis of the oxide film of Zr-1.0Sn-1.0Nb-0.1Fe original plate sample corroded in aqueous

solution at 360 °C /Li+B for 70 days(a, TEM brightfield image; b, TEM darkfield image; c~d, Partial magnified TEM brightfield image of Fig. a,

Partially enlarged HRTEM image and FFT image of OP1; e~f, Partial magnified TEM brightfield image of Fig. a, Partially enlarged HRTEM image

and FFT image of Fig a; g~i, Partial magnified TEM brightfield image of Fig. a, Partial magnified HRTEM image and FFT image of OP3)
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Fig.11 Cross-sectional microstructure and surface scan analysis of oxide film corrosion of Zr-1.0Sn-1.0Nb-0.1Fe-irradiated plate samples in aqueous

solution at 360 °C/18.6 MPa/Li + B for 70 days(a, HAADF like; b, EDS surface distribution diagram of the corresponding element)
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Fig.12 Cross-sectional microstructure composition and structure analysis of oxide film corroded by Zr-1.0Sn-1.0Nb-0.1Fe irradiated sheet samples

in 360 °C /Li + B aqueous solution for 70 days(a, TEM brightfield image; b. c¢. f, TEM brightfield, enlarged HRTEM image and FFT pattern and

line scan EDS analysis results of OP4; d. e. g, TEM brightfield, enlarged HRTEM image in circle area and FFT pattern and line scan EDS analysis

results of OP5)
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Fig.13 Microstructure and elemental distribution of oxide film in the original Zr-1.0Sn-1.0Nb-0.1Fe plate sample corroded at 400 °C/steam for 70
days(a~b, HAADF image and enlarged image of local oxide film cross-sectional microstructure; c~g, the corresponding surface scan of Figure B;

g~h, line scan results corresponding to line 1 and line 2 in figure b)
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Fig.14 Microstructure and structure analysis of oxide film of Zr-1.0Sn-1.0Nb-0.1Fe plate sample in its original state corroded at 400 °C/steam for



70 days(a, TEM brightfield image of oxide film cross-sectional microstructure; b~c, TEM brightfield image of SPP1; d~e, HRTEM image of OP6

and its SAED pattern; f, local magnification of the cross-section of the oxide film; TEM brightfield images of g, OP7 and OP8; h~i, OP7 and OP8

HRTEM images)
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Fig.15 Microstructure and structure analysis of oxide film of irradiated Zr-1.0Sn-1.0Nb-0.1Fe plate samples corroded at 400 °C/steam for 70 days(a~b,

TEM brightfield image of oxide film cross-section and local magnified image; c~d, TEM brightfield image, HRTEM image and FFT pattern of OP9;

e~f, TEM brightfield image of OP10and local magnified image; g~h, HRTEM image of OP10 and FFT pattern; i~j, line scan analysis of OP9 and

OP10)
3 Sth5iTThe

3.1 Ar'4gB8%} Zr-1.0Sn-1.0Nb-0.1Fe
e

B EMARNF

7f Zr-1.0Sn-1.0Nb-0.1Fe &4, 5 MM o 32 2
A Zr(Nb,Fe), LA J B-Nb 5 —#H, 7E4IL 5 dpa [ Ar'%R
WS, fRERAEN 1.14 dpa 1) Zr(Nb,Fe), 2 M5 44
et (B 5(c1)), Ti%E 77 &h 4.93 dpa (1) B-Nb 25 —AH
SRR B AR EE ) (B 5(b1)). HET, BFRENINT
IR NETREEEWHRENRE, &
T ) d b S 1S L R S 2 B R A e Rl A,
Ekg%ﬂ;%ﬁ@ﬁﬁ%b PaAnERiE, I BTG X 37

A AR B SR A R P US) [E I, AR RS Zr-

1.0Sn-1.0Nb-0.1Fe & 4:7F 360 °C/Li+B 7K H & 70
d Ja, TERRRSSALIEANRTE 1.40 pm CRREFEFEIRG N
0.01dpa) Y Zr(Nb,Fe), 5 — A kML, HMIZHE
ML (B 9(hy) TN, HE S AL R IR S8
HEEX Zr-4 5401 Zr(Fe,Cr), #5147 Ne & T 548
MR, KIC4ERIRAEL R 2.7 dpa B, Zr(Fe,Cr), 5
TARTFAR R A R SR AL ISITI01 T AE AR I‘J{mﬁ?ﬁﬁ% 2
MeV i F4E % 7 dpa B, Zr(Fe,Cr), fH R FERAS,
fﬁﬁﬂi%%%ﬂiﬁ%mE@iaaﬁﬁﬂlzamxk%- Yan %m]ﬁ%ﬁ
SERRME ArEIBAMET, MRBIREZLN 100 K
H‘]L7 Zr(Fe,Cr), 3 “MHIAESMAHIRG FIEL A 1 dpa, 5
AR EL, 7E 770 K fEIRFR 2N 11 dpa IR R e
TSR ERFRSE B, I SER R G AR RS IR E A %,



RIRFRIR TN, SREGEEZS 5 RH 20 SHE 3 5 B8 A
SRR, [FIRTA R P, R IR S B R AL
AAEEA FHESI h-ZrO 451, 145 M7E R dpa BT
FIRVER N, B P R AR N T T s 1Ak, Zr(Nb,Fe),
PLK Zr(Cr,Fe), 2% Fe 2 _MHH T HIR Fe B MK
(3R fr A SE M AE R RS B AR 224, R, 4560k
WHFL, S3HT Ze(Nb,Fe) 7= A AR f A0 SR R AT g2 B T
R ol (A I VR IR T A N M o e
360 °C/Ar M T 3T, B3R 1 RIUEE AR ARG I SHR
JERWAREAHZEAK, XATReRF SR Ar B+
5B AN KA AR 55 A 52 B R A o A AR 1 5 T
N, A RT AR IE AR A  TA ih B Y B T I T
TR

TERF UL R AR, AT LRSS MR AR T ARk,

A S AR AR AL RN FEREE TR Y L, AR ETT
RYECRAA TR 1P, ZWESEESSEEBGTHERN
Hpdo MR AR, B oMPEERET Feo Nb Y
B, HAROCHERIRIE T Fe A9 BIGERLEL Nb BEHREIZ S
(251, T 2 R A £ 5 — B BOR 5 — AR R A R O R
tREGTEER, Bl Fe JuRP, [Ny, 85 A5E —AREM
SR T HERE DA S AR € A 5 S A B S T 2 TR ) 5 15
KIFFEEEAEN, MRS G SRm e, 5 M
IR S LA H 2 Fe S5 T0K A 45 —AHAMT B 4R IR 45
15 CA S B A S R B8 AR AR E I, it — b R
BOLW M. AR, 255 MM LIRS
DX, it AL R R A ARG gt i 5| e 4 T A
UL LA S S P Ve BE T B

R1BH70dHERNEMEESHALFE_BENXITA

Table 1 Oxide film microstructure and second-phase oxidation behavior of samples for 70 days of corrosion
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Table 2 Oxide film thickness of Zr-Sn-Nb alloy in unirradiated and irradiated states in different corrosive media within 300 days of corrosion

Oxide film thickness (um) of different corrosion time (d)

Experimental conditions
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Effect of Ar" irradiation on microstructure and corrosion resistance of Zr-Sn-Nb alloy

Hu Lijuan'", Qiang Yuanyuan', Xin Yong?, Zhou Mingyang?, Gu Zhiyuan', Shi Jin', Xie Yaoping', Xu Shitong', Yao Meiyi',
Zhou Bangxin!
(1. Institute of Materials, Shanghai University, Shanghai 200072, China)
(2. National Key Laboratory of Nuclear Reactor Technology, Nuclear Power Institute of China, Chengdu ,610213)

Abstract: Irradiation can induce the formation of a large number of defects in the matrix and oxide film of zirconium alloys, thereby facilitating the
migration and diffusion of O% and corrosive media and accelerating the corrosion of zirconium alloys. To investigate the influence of irradiation on
Zr-Sn-Nb alloys, Ar* was implanted into the alloys at an irradiation fluence of 5.1x10'° ions/cm?. The original and irradiated samples were subjected
to corrosion tests in an aqueous solution of 360 °C/18.6 MPa/3.5 ppm Li + 1000 ppm B (alkaline water) and in steam at 400 °C/10.3 MPa (neutral
water), respectively. The microstructure was analyzed using XRD, SEM, and TEM characterization methods to study the effect of Ar” irradiation on
the corrosion resistance of Zr-Sn-Nb alloys in different corrosion environments. The results indicate that irradiation can lead to the amorphization of
the second phase particles, among which the hcp-Zr (Fe,Nb)2 second phase is more likely to form an amorphous state than the bce-B-Nb second
phase. Furthermore, the second phase undergoes amorphization at the same time as element diffusion, and during the oxidation process of the second
phase it experiences lattice mismatch with the oxide film, resulting in cracks extending from the top of the second phase to its sides. Within 300 days,
the damage dose of Ar ion irradiation at 5 dpa has little effect on the corrosion resistance of Zr-Sn-Nb alloys in the aqueous solution of 3.5 ppm Li
+ 1000 ppm B. In contrast, in steam at 400 °C/10.3 MPa, the stress relaxation during the irradiation process results in a reduction in defects, which
subsequently slows down the oxygen diffusion within the oxide film and decelerates the corrosion process. Therefore, irradiation has a certain
improving effect on the corrosion resistance of zirconium alloys.

Key words: Irradiation, Zr-Sn-Nb alloy, Corrosion resistance, Oxide film, Second phase particles
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