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Analysis of crack formation mechanism in 309L transition layer of stainless

steel cladding on inner wall of nuclear power pressurizer vessel

WANG Weiming''?,ZHANG Mingming®, YU Chun®, YANG Miaosen', LUO Qing?,SUN Zhiyuan?,
HU Guangmin®, LU Hao®, ZONG Hai*,ZHANG Maolong®
(1.Department of Materials , Shanghai Dianji University , Shanghai 201306, China;
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3.College of Materials Science and Engineering, Shanghai JiaocTong University  Shanghai 200240, China)

Abstract: To address the problem of microcrack defects in the 309L transition layer of the stainless steel cladding on the inner
wall of a nuclear power pressurizer vessel , methods including scanning electron microscopy (SEM) , X-ray diffraction (XRD) ,
optical microscopy (OM) , and energy dispersive spectroscopy (EDS) were used to conduct in-depth research on intercepted
samples with cracks. The results show that these microcracks are high-temperature ductility-dip cracks, characterized by
intergranular propagation accompanied by grain boundary sliding , with a large amount of oxides present at the grain boundaries.
Through reproduction tests and combined with actual working conditions , it was found that the main cause of crack formation is
insufficient protection of the welding zone during the welding process ; leading to the precipitation of grain boundary oxides , which
subsequently initiate and propagate under welding stress. The developed reproduction test method for high-temperature
ductility-dip cracks effectively verified the nature and cause of the cracks, providing an important theoretical basis for the
improvement and optimization of cladding processes in nuclear power equipment, which is of great significance for ensuring the
safe operation of nuclear power equipment.

Key words:nuclear power pressurizer;stainless steel cladding layer; cracks
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Fig.1 Defect indication area in cladding layer on inner wall of pressurizer vessel and PT indication
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Fig.5 Fracture XRD spectra of cracked specimens
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Fig.7  OM images of the microstructure of the cracked
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Fig.8 SEM images of the microstructure of
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Fig.14 SEM images of the crack characterization of the
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