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Analysis of the Corrosion Behavior According to the Characteristics of Sigma
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The corrosion behavior of super austenitic stainless steel was studied by examining the characteristics of
the sigma phase formed in the steel. A range of experimental and analytical methods was employed, including
potentiodynamic polarization tests, critical pitting temperature tests, transmission electron microscopy, and
energy-dispersive spectroscopy. Three steel samples with different sigma phase levels were obtained by
intentionally adjusting the manufacturing process. The results showed that the corrosion resistance of the
samples was strongly dependent upon the size and distribution of the sigma phase precipitated in the samples.
The larger the size of the sigma phase, the higher the Mo content in the sigma phase and the higher the
depletion level of Mo at the interface between the matrix/sigma phase, the more samples with a coarse-sized
sigma phase were susceptible to localized pitting corrosion at the interface. These results suggest that various
manufacturing processes, such as welding and the post-heat treatment of the steel, should be optimized so
that both the size and fraction of the sigma phase precipitated in the steel are small to improve the resistance

to localized corrosion.
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Fig. 1 Microstructures of three tested samples: (a) PP 1, (b) PP 2, and (c) PP 3.
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Fig. 4 Fraction of 0 phase in three tested samples, determined
by an image analyzer.
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Fig. 5 Potentiodynamic polarization curves of PP 2 and PP 3,
evaluated in a 6% FeCl; -6H,O + 1% HCI solution.
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Fig. 6 Critical pitting temperature curves of three tested samples,
evaluated in a 1 M NaCl solution.

Fig. 7 (a) SEM images showing the pitting morphology of PP
3 after the potentiodynamic polarization test, and (b) magnified
view of (a).
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Fig. 8 Macro-observation of (a, b) PP 2 and (c, d) PP 3 after
immersion test in a 6% FeCl3 solution for 72 hours: tested at
(a, ¢) 45 °C and (b, d) 50 °C.
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Fig. 9 TEM image and EDS line scanning of (a, ¢) PP 1 and (b, d) PP 3.
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Fig. 10 Difference in PREN values between matrix and 0 phase in (a) PP 1 and (b) PP 3.
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