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Table 1 Chemical composition of H1, H2, and H3 alloys (/%)

Alloy Cr Ni Mn Si C S Fe
H1 19.84 2494 225 0.85 <0.03 <0.03 Bal
H2 19.89 25.06 226 2.63 <0.03 <0.03 Bal
H3 1829 23.06 2.10 4.08 <0.03 <0.03 Bal
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Fig.1 Sampling of CT specimens from alloy plate
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Fig.2 Grain sizes, phase diagrams, and grain boundary types of three alloys: (a) H1, (b) H2, and (c) H3
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Fig.3 TEM-HAADF images (a—) and EDS line scanning results (d—f) of three alloys: (a, d) H1, (b, ) H2, and (c, ) H3
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Fig.4 Variation curves of crack length and water chemistry conditions with time of three alloys: (a) H1, (b) H2, and (c) H3
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Table 2 Crack lengths and corrected K values of three alloys in

different regions

Actual/
Actual DCPD
DCPD Corrected
Alloy Area crack crack
crack  K/MPa-m"’
length/pm  length/um
length
Fatigue 766.0 629.9 1.22 22.0-22.3
H1  Transition  432.4 396.8 1.09 22.2-22.4
SCC 1535.9 931.7 1.65 22.3-239
Fatigue 795.5 659.9 1.21 22.0-22.3
H2  Transition  673.7 469.1 1.44 22.3-22.9
SCC 660.5 2479 2.66 22.4-23.6
Fatigue 491.5 593.6 0.83 21.7-22.0
H3  Transition  800.6 482.6 1.66 21.9-22.8
SCC 2481.7 1511.8 1.64 22.8-25.8
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Fig.5 SEM images of fracture morphologies of three alloys: (a) H1, (b) H2, and (c) H3
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Fig.6 Panoramas of crack propagation path of three alloys: (a) H1, (b) H2, and (c) H3
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Fig.7 EBSD inverse pole figure maps (a,—c,), grain boundary maps (a,—c,), and kernel average misorientation maps (a,—c;) of crack tip of three

alloys: (a,—a,) H1, (b,~b,) H2, and (c,—c,) H3
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Fig.10 SEM images of crack tips of three alloys: (a) H1, (b) H2, and (c) H3
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Effects of Si on Stress Corrosion Cracking Properties of Austenitic Stainless Steel

Gong Weijia', Chen Shuai', Liu Lupeng’, Du Donghai'
(1. Clean Energy Research Center, Yangtze River Delta Research Institute, Northwestern Polytechnical University, Taicang 215400, China)
(2. CSSC Huangpu Wenchong Shipbuilding Co. , Ltd, Guangzhou 510715, China)

Abstract: Irradiation-assisted stress corrosion cracking (IASCC) of austenitic stainless steel in reactor core is one of the most important factors
affecting the safety and lifetime of nuclear reactor. Numerous studies have shown that IASCC of austenitic stainless steel is related to irradiation-
induced Si enrichment at grain boundary. To explore the influence of Si enrichment at grain boundary on the stress corrosion cracking rate of
austenitic stainless steel, the crack growth rate (CGR) of model alloys with different Si contents in water at 320 °C was measured, and the crack
propagation paths and fracture morphologies were analyzed. Results show that CGR of Si-containing alloy is higher in the oxygenated water
environment, showing no obvious dependence on Si content; while in the hydrogenated water environment, CGR is increased with the increase in
Si content and reaches the level in the oxygenated water environment. Stress corrosion cracks mainly propagate along large-angle grain
boundaries, and the higher the Si content, the sharper the crack tips. The oxide film generated by oxidation of enriched Si at grain boundary in
high-temperature water is easily soluble in water, resulting in a decreased strength of the grain boundary oxide film, which is more likely to crack
under stress, and leading to an increased sensitivity to stress corrosion cracking.

Key words: austenitic stainless steel; Si segregation; stress corrosion; crack growth rate
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