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Fatigue Crack Initiation Behaviors of Nuclear Power Plant Main Pipe Stainless
Steel in Water with High Temperature and High Pressure
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Abstract The behaviors of fatigue crack initiation of 316 LN and Z3CN20.09M austenite stainless steels (ASSs) were studied
by corrosion fatigue test system in high temperature water. The results indicated that the fatigue cracks were mainly initiated at the
persistent slip bands (PSBs) on the surface of 3161LN ASS., Only a few cracks were initiated at the sub-grain boundaries. While the fa-
tigue cracks were sequentially initiated at PSBs, phase boundaries and corrosion pits of the Z3CN20.09M ASS containing a little part
of ferrite, and they were also mainly initiated at PSBs. The crack initiation mechanism at PSBs was analyzed based on composition of
oxide film and morphology of cross section of the specimens tested in high temperature water. Moreover, the difference of the crack
initiation mechanisms for two kinds of stainless steel was analyzed. Finally, the effect of the ferrite phase on corrosion fatigue proper-
ty was summarized.
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Table 1  Chemical compositions (mass fraction/ %) of 316LN and Z3CN20.09M ASSs
Element C Si Mn P S Cr Ni Mo N Fe
316N 0.02 0.75 2.00 0.045 0.030 17.01 12.53 2.48 0.14 Balance
Z3CN20.09M 0.024 1.09 1.11 0.023 0.039 20.16 9.06 0.26 0.033 Balance
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Table 2 Test conditions and high temperature water chemistry

Wave shape Strain amplitude Strain rate Temperature Pressure  Dissolved oxygen pH Conductivity
Triangular wave +0.5%,+1.0% 0.1% s} 320/290 C 11/8 MPa 10 mg/L 6.6 0.15 uS/cm
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Fig.1 Cracks morphologies at PSBs on the surface of the
316N ASS at different strain amplitudes in 320 ‘C water
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The XPS spectra peaks collected from the oxide films of the 316LN ASS tested in 320 C water:

(a) Fe 2p3/2.(b) Cr 2p3/2,(c) Ni 2p3/2.(d) Mo 3d3/2
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Fig.3 Model of the corrosion fatigue crack initiation

process at PSBs
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surface of the 316LLN ASS at different strain amplitudes

in 320 C water



. 376 - MEFIR AR

2018 2 A(AYE 32 4% 2 1

2.2 73CN20.09M AENEI R G BEAEITA

BT Z3CN20.09M A& H L 16 %01 IRk R ik, H
20y AR 316LN B R AR SR E A . 5%
K. Z3CN20.09M RNFEMIE 290 °C 5 iR K I T i bl 55
FEGORNALAE B B B Ak W B L 38 25 7E A FE R S il B b
M, S5 SR, Z3CN20.09M AN G5 4N 1 9% 55 2L 4 76 5 7
WREW NS 316LN REEMIEA —B, RITRFHER,
2.2.1 FLEARRLH L

&l 6 & Z3CN20.09M REEMAE 290 “C KR I T 9% 57 3
SUAEAH AL B A BT 00 . AT J A, 5k 3R IR A 5 B IR AR A 1Y
ot VR 455 #4158 B AS (] 7 98 55 N T 0 B 3 AR o, T A 1 AR T
SHBAYMAB LD, ST s R IE B Y A LI R
T R 3X 23 3 A0 AR Bt A 9 L 7 oBR 2 3 R IN R 24 B0 A U
DTS ERARE T R AR S kA E RIS, A
FAH R R A B B 0 B R X T RE A 2%, IR R R
KIS T R A & ik — b s M e ik, S H%RE
AR R AN B AR AE 95 55 T2 00 3 R vh , B QAR AR N TR B 1 B R O
T TEA A 205 1k S 1, RIRE B AE D i ad 7 vh 3 B Bk
AR k-, DR LA v 1 1 2 B BELRS AT AEZE R

(2) = 0.5% (08 \

(b)  1.0%

Bl 6 Z3CN20.09M AREERLE 290 CKFREE T I il 55
SLECAE AR S AL W A I

Fig.6 Cracks morphologies at phase boundary on the surface

of the Z3CN20.09M ASS at different strain amplitudes

in 290°C water
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of the Z3CN20.09M ASS at different strain amplitudes

in 290 °C water
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