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Fig. 1 Schematic diagram of pipeline crack defects
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Fig. 3 X-ray inspection results of cracks in the pipeline
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Fig. 2 Macroscopic morphology of cracked seawater inlet bend
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Fig. 4 X-ray inspection results of the intact part of the pipeline
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Fig. 5 Casting defects inside the failed pipeline
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Fig. 6 Microstructural morphology of the substrate
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Tab. 1 Compositions of alloy phase in the substrate ~ wg/%

No. Cr Fe Ni Mo
1 32 55 4 9
2 26 64 7 3
3 27 66 4 3
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Fig. 7 Composition analysis of substrate microstructure
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Fig.8 Microstructure of typical casting duplex stainless steel
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Fig. 9 The fracture appearance at the crack position of the failed
pipeline
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Fig. 10 Microstructure morphology at the crack position of the failed
pipeline
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Fig. 11 Composition analysis of the microstructure at the crack position
of the failed pipeline
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Tab. 4 Tensile test results of the failed pipeline
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Fig. 12 Impact fracture morphology
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Tab. 5 Impact performance of failed pipeline
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Failure Analysis of ZGOOCr25Ni7Mo2N Seawater Pipeline Crack

YU Wen-juan®?, LI Mao-mao®, SHENG Nan’, WANG Xiao-lan®, NIU Jian-min’, JIANG Feng-chun'
(1. Harbin Engineering University, Harbin 150006, Heilongjiang, China; 2. Shanghai Shipbuilding Technology Research Institute, Shanghai
200032, China; 3.Yantai Research Institute and Graduate School of Harbin Engineering University, Yantai 264000, Shandong, China)

Abstract:

Duplex stainless steel (ZGO0Cr25Ni7Mo2N) seawater pipeline cracks appeared at the position near the flange
after half a year of use. By means of macroscopic morphology inspection, microstructure analysis, mechanical
property test and finite element numerical simulation of galvanic corrosion, the cracking causes of seawater
pipeline were analyzed. The results show that there are obvious casting defects inside the failed pipeline, and
the defects such as shrinkage porosity and cavity can be as crack sources to cause pipe cracking. The structure
composition near the pipeline crack is basically the same as that of the matrix, which is composed of three
phases (ferrite, austenite, phase). The cracks have no obvious effect on the phase composition of the matrix,
but the ferrite 6 volume fractions at the crack sites decrease, while the brittle ¢ phase increases, which leads
to the deterioration of the material's performance, and the charpy-impact absorption energy of the pipeline is
only 4.6% of the design standard lower limit. The average post-fracture elongation and section shrinkage are
only 44% and 13.2% of the design standard, respectively. According to the finite element numerical simulation
result of galvanic corrosion, the galvanic corrosion may affect the crack propagation, but it is not main cause
of the crack formation.

Key words:
duplex stainless steel; seawater pipeline; crack; galvanic corrosion; failure analysis
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