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Table 1 Chemical composition of Zr705 alloy (/%)

Nb Hf  Fet+Cr C N H (0] Zr+Hf

2.5 4.5 0.2 0.050 0.025 0.005 0.18 =955

K1 Bk Zr705 SR aH S SEM [ 5l EBSD 18
Fig.l1 Original microstructure of annealed Zr705 alloy: (a) SEM
image; (b) EBSD image
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B2 USRP AL 20 3 K5 Zr705 &4 MBI SEM I )7
Fig.2 Cross-sectional SEM images of Zr705 alloy after 20 passes of USRP: (a) panorama of gradient structure; (b) surface morphology of

USRP-Zr705 alloy; (c) morphology of USRP-Zr705 alloy at a distance of about 200 pm from the surface layer; (d) morphology of

USRP-Zr705 alloy at a distance of about 300 um from the surface layer

i c J——— d
B RS, P

-
\

& {1072} twin

1

B )

e = 41012}
Maftrix/’ N "\f_‘lane frace

N // e o

1120} 1072

K3 USRP-Zr705 44 RS
Fig.3 Microstructures of USRP-Zr705 alloy: (a) IPF diagram; (b) enlarged view of the rectangular box with black dotted lines in Fig.3a;

{1120} (c)and {1012} (d) PFsofthe {1012} twins
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Fig4 TEM analyses of USRP-Zr705 alloy at different depths from the surface: (a) 120 pm; (b) 80 pm; (c) 40 pm; (d) O um
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Fig.5 Stress-strain curves of original Zr705 and USRP-Zr705 alloy (a) and distribution map of residual stress along the depth of USRP-Zr705

alloy (b)
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Fig.6 Corrosion morphologies of original Zr705 alloy under different pre-corrosion conditions: (a—b) 1 mol/L LiOH solution; (c—d) 3.5%NaCl
solution; (e—f) 5%HCI solution

B7 AEPUEMEE T USRP-Zr705 &4 E IR
Fig.7 Corrosion morphologies of USRP-Zr705 alloy under different pre-corrosion conditions: (a—b) 1 mol/L LiOH solution; (c—d) 3.5%NaCl solution;
(e—f) 5%HCI solution

F2 Zr705 5% EDS ISR
Table 2 EDS scanning results of Zr705 alloy (w/%)

Pre-corrosion condition Sample Zr Nb Hf (0] Cr Fe Na
Zr705 80.31 5.11 1.55 4.53 0.32 0.24 -
LiOH
USRP-Zr705 87.57 4.28 1.64 6.28 0.17 0.07 -
Zr705 92.75 3.47 2.29 2.53 0.16 0.12 0.045
NaCl
USRP-Zr705 93.59 3.47 2.70 3.89 - 0.19 0.050
Zr705 93.72 4.00 2.63 1.57 0.12 0.05 -
HC1

USRP-Zr705 90.76 2.86 3.11 3.06 0.04 0.16 -
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Fig.8

Fatigue life of Zr705 alloy under different pre-corrosion conditions

Y

9 AFTEMAAE T EIRA Zr705 £ 4:H USRP-Zr705 4 429 % R EUF
Fig.9 Fatigue crack sources of original Zr705 alloy (a, ¢) and USRP-Zr705 alloy (b, d) under different pre-corrosion conditions: (a—b) without

pre-corrosion; (c—d) after pre-corrosion in 3.5%NaCl solution
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Fig.10  Fatigue fracture morphologies (a, c, e, g) and fatigue striation widths (b, d, f, h) of original Zr705 alloy (a—b, e—f) and

USRP-Zr705 alloy (c—d, g—h) under different pre-corrosion conditions: (a—d) without pre-corrosion; (e-h) after pre-corrosion in

3.5%NaCl solution
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Fig.11 Schematic diagram of corrosion process of zirconium alloy

in LiOH aqueous solution
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Fig.12 Schematic diagram of corrosion process of zirconium alloy

in NaCl aqueous solution
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Fig.13 Schematic diagram of corrosion process of zirconium alloy

in HCI aqueous solution
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Fig.14 Schematic diagram of fatigue crack initiation position of Zr705 alloy before (a) and after (b) corrosion treatment
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Fig.15 Schematic diagrams of corrosion morphology of USRP-Zr705 alloy under different pre-corrosion conditions: (a) 1 mol/L LiOH solution;
(b) 3.5%NaCl solution; (c) 5%HCI solution
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Fig.16 Fatigue fracture morphologies of original Zr705 alloy (a—b) and USRP-Zr705 alloy (c—d)
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Effect of Ultrasonic Surface Rolling Process on Pre-corrosion Fatigue Behavior of Zr705 Alloy

Ma Chi, Zhang Conghui, Zhu Wenguang, Zeng Xiangkang, Xie Zhuohang, Wang Xiyu
(College of Metallurgical Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China)

Abstract: The fatigue properties of Zr705 alloy in original state and ultrasonic surface rolling (USRP) state after pre-corrosion in 1 mol/L LiOH
solution, 3.5%NaCl solution and 5%HCI solution for 30 d were studied. The results show that the corrosion degree of the original Zr705 alloy is
the most serious in 3.5%NaCl solution, followed by in 5%HCI solution and the least in 1 mol/L LiOH solution. This is related to the different
corrosion mechanisms of Zr705 alloy in different media. USRP-Zr705 alloy is more susceptible to corrosion than the original Zr705 alloy because
of the high density dislocation defects in the surface gradient structure. After immersion corrosion treatment, the fatigue life of the original Zr705
alloy decreases obviously, which is mainly caused by corrosion damage on the surface of the sample during immersion corrosion. After immersion
corrosion treatment, the fatigue life of USRP-Zr705 sample in 1 mol/L LiOH solution is higher than that of the original Zr705 alloy, but it is lower
in 3.5%NaCl solution and 5%HCI solution. There is a competitive relationship between the corrosion environment and the surface gradient
structure on the fatigue properties of zirconium alloys. When the corrosion medium is weak, the surface gradient structure is the main factor
affecting the fatigue properties of zirconium alloys. When the corrosive medium is strong, the surface gradient structure is still the main factor
affecting the fatigue properties under high stress cyclic loading. Under low stress cyclic loading, corrosion environment is the main factor affecting
the fatigue properties.

Key words: Zr705 alloy; ultrasonic surface rolling process; surface gradient structure; corrosion behavior; pre-corrosion fatigue
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