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ABSTRACT: The work aims to study the stress corrosion cracking (SCC) behavior of 316L stainless steel welded joints in high

temperature and high pressure water with different Zn injection concentrations, to provide a technical support for Zn injection
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technology of nuclear power plants. The SCC initiation behavior of a stainless steel welded joint was studied by slow strain rate
tensile tests. The SCC propagation behavior in the zinc injection water was compared according to the direct current potential
drop (DCPD). Microstructure characteristics of SCC crack initiation locations and propagation paths of welded joints were ob-
served and analyzed by scanning electron microscopy, energy spectrum analysis and electron backscatter diffraction. The SCC
crack initiation test results showed that under all zinc injection concentrations in high temperature and high pressure water envi-
ronments, the cladding metal zone had the most cracks, followed by the heat affected zone, and the fusion line was not cracked.
The crack propagation test results showed that the effect of zinc injection on the SCC initiation behavior and propagation be-
havior of the stainless steel welded joint is insignificant. The crack propagation rate was lower than 8.0x10™ mm/s (1.6 mm/a).
In conclusion, 316L stainless steel welded joints have low stress corrosion cracking sensitivity in different zinc injection con-
centrations.
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Fig.1 Dimension of slow strain rate tensile specimens
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Fig.2 Crack propagation experiment process
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Tab.1 Water chemical parameters of crack propagation experiment

Frs a3 Wiy K/(MPa-m'?)
1 1 200 mg/kg B+2.2 mg/kg Li, DO<5 pg/L, DH=30 mL/kg, %%JEHRHE N 100 pg/L 25
2 1 200 mg/kg B+2.2 mg/kg Li, DO<5 pg/L, DH=30 mL/kg, %kl 100 pg/L 30
3 1 200 mg/kg B+2.2 mg/kg Li, DO<5 pg/L, DH=30 mL/kg, B ¥KEE N 100 ug/L 35
4 1 200 mg/kg B+2.2 mg/kg Li, DO<5 pg/L, DH=30 mL/kg, 4FBiERWEIE N 40 pg/L 35
5 1 200 mg/kg B+2.2 mg/kg Li, DO<5 pg/L, DH=30 mL/kg, $¢FiR#IE N 10 ng/L 35
6 1 200 mg/kg B+2.2 mg/kg Li, DO<5 pg/L, DH=30 mL/kg, BBk H 0 35
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Fig.3 Stress-strain curves of SSRT tests under different Zn concentrations and elongation: a) stress-strain curves; b) elongation
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Fig.4 Surface SEM-EDS observation of stainless steel welded joint after SSRT tests in high temperature water with different Zn

concentrations (a, d, g, j are low magnification SEM images of weld metal; b, e, h, k are high magnification SEM images of cracks in

weld metal; c, f, i, | are SEM images near the fusion line on the left, and EDS composition distribution maps on the right)
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Fig.5 Crack propagation curve of weld zone of stainless
steel welded joint
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Fig.6 EBSD analysis of crack in weld zone of stainless steel welded joint: a) crack morphology; b) grain orientation;
¢) residual strain
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Fig.7 Crack propagation curve of heat affected zone of
stainless steel welded joint
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Fig.8 SEM-EBSD analysis of crack in heat affected zone of stainless steel welded joint: a) SEM morphology of crack;
b) grain orientation; c) residual strain distribution
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Fig.10 TEM figure of crack tip and elemental distribution maps of oxygen, chromium, iron, nickel and zinc

Kl 10
80
Hepk L+ AL Heik
MM%“ -*h..g ﬂl..ﬁ AA*MA‘%
60 F Al
=0 b .
e Cr
s 4Fe *
] L v N
ﬁ 40 02:11 k|
i
e A W R oA NP OY B

0 100 200 300 400
P B /nm

B 11 #HaRimn®E g R

Fig.11 Elemental distribution line-scans result at crack tip
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