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Effects of absorbed hydrogen on low cycle fatigue life and
deformation behavior of austenitic stainless steels
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Summary

Effects of hydrogen pre-charge on fatigue lives were examined on various austenitic (y) stainless steels and
discussed in relation with the stability of y phase. Effect of strain rate was also examined on those steels. They
give some information about hydrogen embrittlement of y stainless steels. First, hydrogen pre-charge, though its
penetration depth is limited to about 0.1mm because of small diffusion rate in vy stainless steel, has dominating
effects on fatigue lives. The metastable 304 stainless steel, whose austenite is not so stable, produces both o’
and & martensite phases gradually from ¢’ hydride, which appears at earlier stage by cyclic strain and hydrogen
pre-charge. On the other hand, the 316L stainless steel, whose y phase is stable, produces only o’ martensite but
not ¢ martensite; the proceeding €’ hydride formation is almost unaffected. The pronounced degradation of
fatigue live found in the 304 stainless steel can be explained by the o’ martensite; minor degradation found in
316L stainless steel should be related to the formation of € martensite. These degradations being come up with
phase transformation, they are originated by the constrained deformation along the phase boundary between
different crystal structures. Second founding is the degradation under no hydrogen pre-charging condition, when
the strain rate is slower than 0.03%/s. The stainless steel contains about 3 mass-ppm hydrogen in solution. This
hydrogen combined with cyclic straining forces to form o’ martensite. The o’ martensite tends to yields vacancy
type defects with slower strain rate than 0.03 %/s and leads to the hydrogen embrittlement like the case of bcc

steels. The process of embrittlement is different depending to the mount of hydrogen pre-charging.
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Table 1 Chemical composition of various austenitic stainless steels (mass% )

Symbol | C Si Mn P S Cu Ni Cr Mo \ Nb Ti Al N
316 0.05 | 0.24 | 1.37 | 0.032 | 0.025 | 0.34 | 10.0 | 17.1 | 1.98 | 0.09 | 0.04 | 0.002 | 0.005 | 0.050
304 0.07 | 0.41 | 1.11 | 0.032 | 0.029 | 0.43 | 8.1 18.1 | 0.24 | 0.07 | 0.01 | 0.002 | 0.003 | 0.051
316L | 0.01 | 0.30 | 1.68 | 0.029 | 0.011 | 0.38 | 12.0 | 16.8 | 213 | 0.10 | 0.02 | 0.002 | 0.001 | 0.033
310S | 0.02 | 0.30 | 1.00 | 0.034 | 0.010 | 0.35 | 19.1 | 24.2 | 0.19 | 0.07 | 0.01 | 0.002 | 0.008 | 0.035
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Fig.1 Stress-strain response for the first tensile cycle
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Fig.3 Coffin-Manson plot for the fatigue test results.
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Fig.2 Change in stress amplitude for SUS316steels
according to strain cycles.
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Fig.4 SEM fractographs of SUS316 steel. (a) without hydrogen pre-charge and (b) with hydrogen pre-charge.
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Fig.5 Correlation between fatigue lives with/without

hydrogen pre-charging for various austenitic stainless
steels.
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Fig.6 Change in stress amplitude for various austenitic
stainless steels according to strain cycles.
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Fig.7 Relation between fatigue life ratio and Md(30).
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Fig.8 X-ray diffraction from surface of SUS304 specimens.
The specimens are strain cycled for various cycles and
hydrogen charged.
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The specimens are strain cycled for various cycles and
hydrogen charged.
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Fig.14 Change of permeability at 2000 Oe according
number of cycles. Permeability was measured by
vibrating sample magnetometer (VSM).
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Fig.15 Thermal desorption spectrum od SUS304
specimen. It was not hydrogen pre-charged
before measurement.
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