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The Mechanism of Hydrogen Damage in Austenitic Stainless Steel

Synopsis:

Shigeo Nomura and Masayoshi HASEGAWA

The existence of clusterings of platelet tangled dislocations in 304 steel, produced at the grain boundary
or internal interfaces by the precipitation of atomic hydrogen, was demonstrated by the transmission electron
microscope. Futhermore macroscopic phenomena caused by this microscopic hydrogen defects were
observed in hydrogenated stainless steel, that is, 1)the increase of flow stress 2)anomalous behavior of recovery
process in hydrogen embrittlement 3) anomalous increase of intergranular corrosion loss.

The initiation sites of microcracks due to hydrogen embrittlement in austenitic stainless steel were grain
boundaries or carbide interfaces, and these were the sites of hydrogen defects. The propagation process of
the microcracks by hydrogen embrittlement depended on the austenitic stability to martensite trans-
formation under tensile stress, and the interfaces of martensite lath provided the most preferential path of

microcracks.
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a), b), c) as Solution Treated
d) Sensitized at 650°C for 0.5h

Photo. 1. Microstructures of 304 steel with and without hydrogenation at 400°C under 270~300
atm for 250h. a) Hydrogen free : 3 wtppmH, b)~d) Hydrogenated : 54~57 wtppmH.
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Photo. 2. Clustering of tangled dislocations of 304 steel hydrogenated at 400°C under 270
atm for 250 h.
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. 1. Nominal stress-strain curves of 304 steels
of three different grain sizes with and
without hydrogenation at 400°C under
270 atom for 250 h.
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Fig. 2. Hall-Petch’s plots of 304 steel at various
strain with and without hydrogenation.
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Fig. 3. Effect of strain on the Hall-Petch’s
parameter of 304 steel with and with-
out hydrogenation.
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Fig. 4. Recovery of ductility of 304 steels sensi—
tized at 650°C for 3, 30 and 100h and
hydrogenated at 400°C under 270 atm
for 250h with dehydrogenation at 650~
198°C..
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Fig. 5. Relation between hydrogen evolution
process (650, 390 and 198°C) and re-
covery of ductility (390°C) of 304 steels
sensitized at 650°C for 3, 30 and 100h
with dehydrogenation.
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Fig. 6. Relation between residual hydrogen
content after dehydrogenation at 650~
198°C and elongation of 304 steels
sensitized at 650°C for 3 and 100h.
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Fig. 7. Change of intergranular corrosion loss
(Strauss test) of 304 and 304L steels
sensitized at 650°C up to 100h and
hydrogenated at 400°C under 270 atm

for 240h.
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Photo. 3. Initiation of microcracks of 304 steel with and without hydrogenation at 400°C under 270 -
atm for 250h. a)~ c¢) Hydrogenated : 54 wtppmH, d) Hydrogen free : 3 wtppmH.

Micro aack

Photo. 4. Tensile fracture surface and schematic model of propagation of microcrack in hydrogen
embrittlement of solution-treated 304 steel. '
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Photo. 5. Region of 1mt1atioh (I) and propagation (II) o

intergranular microcrack on tensile

fracturc surfaces of 304 (a) and 316 (b) steels sensitized at 650°C for 100h with
hydrogenation at 400°C under 270 atm for 250 h.
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