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Effect of Hydrogen on Crack Propagation Behavior and
Microstructures around Cracks in Austenitic Stainless Steels

Yoshihiro HosOYA, Akihisa INOUE, and Tsuyoshi MasumMOTO

Synopsis:

The effect of hydrogen on the crack propagation behavior and the microstructures around cracks in SUS
304H type and SUS 310 type austenitic stainless steels was examined by means of the tensile tests and micro—
scopic observations. The results obtained are summarized as follows:

(1) For austenitic stainless steels, the yield strength and 29, flow stress are hardly dependent on the
hydrogen content, whereas the fracture strain and the total energy on plastic deformation decrease remark—

ably as the hydrogen content increases.

(2)  According to the notch tensile tests, the force for crack initiation does not change with the hydrogen
content very much but the elongation by crack opening and the amount of work required for the fracture
decrease remarkably with increasing the hydrogen content.

(3) An increase of absorbed hydrogen suppresses the strain induced transformation of o' martensite, while
it promotes the formation of ¢ martensite due to a lowering of the stacking fault energy by hydrogen.

(4) It is concluded that the hydrogen embrittlement of austenitic stainless steels is mainly due to the
formation of & martensite in the vicinity of cracks by the absorption of hydrogen and the easy propagation
of cracks along the boundary between austenite and & martensite.
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Table 1 izRI(LAFH R 2 HOHR 18Cr-8Ni #egzsg
=27 F4 bRAF LR (BLF SUSS4H 4 &
B 5) X 25Cr-20Ni HEF —ZAFF4 FRRA T
VA (BUF SUS3I0 $fE#d 5) %, BhEl i

GEEZ VRS ek > 0. lmm Eoiz & L
7#%, Fig. 1(a), (b)R{IE 8 mm, FF7E 10 mm
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— 89 —



770 $% & W

% 64 45 (1978) 1556 %

Table 1. Chemical composition of specimens
(Wt%).
(a) SUS 304H stainless steel

C Si Mn P S Ni Cr Fe

0.083) 0.49 | 1.45 | 0.024] 0.013} 8.51 | 18.5 | bal.

(b) SUS 310 stainless steel

C 1Si Mo | P | s | Ni|lar | Fe

0.060’ 0.74 | 1.43 | 0.029| 0.010] 19.7 | 24.8 | bal.

=

(mm)

(a) Unnotched smooth specimen

=0.8% =0,05% 01

g
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0059 (mm)

(b) Notched specimen

Fig. 1. Shape and size of the specimens for
tensile test.
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Fig. 2. (a) Tensile stress-strain curves of SUS
304H unnotched smooth steel deformed at
various current densities. (b) The change
of yield stress, 29, flow stress, clongation
and area under the stress—strain curves
with current density.
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Fig. 3. The effect of current density on the tra-
nsitional point from stage I to stage I
for tensile stress-strain curves of SUS
304H unnotched smooth steel.
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Fig. 4. Relation between cross head displacement
and tensile crack length of SUS 304H not-
ched steel deformed at various current
densities.
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Photo. 1. Optical micrographs showing the structure around the tip of a tensile
crack formed in SUS 304H .notched steel.
(a) no charge, (b) 0.3mA/cm?, (c) 3mA/cm?2
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Photo. 2. Transmission electron micrographs sho-
wing the structure near a tensile crack
edge in SUS 304H notched steel.
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100mA/ cm2. ‘
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o a-madartensite
* E-martensite

g (a) Bright field image

& (b) Dark field image

€ -martensite

(c) Dark field image

d- martensite

Photo. 3. Transmission electron micrographs showing the structure near a tensile crack edge

in SUS 304H notched steel.

(a) bright field image, (b) dark field image taken

from the 11.0 reflection spot of ¢ martensite, (c) dark field image taken from
the 200 reflection spot of a' martensite, (d) selected area diffraction pattern, and

(e) its schematic key diagram.
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Photo. 4. Transmission electron micrograph (a) showing the structure near a tensile crack
edge in SUS 304H notched steel deformed at the current density of 3mA/cm?,
diffraction patterns (b) and (d) taken from the regions marked A and B, in (a)
- respectively, and their schematic key diagrams (c) and (e).

Photo. 5. Scanning electron micrograph showing the tensile fracture appearance of SUS 304
H notched steel deformed at the current density of 3mA/cm2 Arrows in this mi-
crograph show econdary cracking.
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(a) o SUS 310 (Ynnotched smooth specimen)
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Fig. 5. (a) Tensile stress-strain curves of SUS
310 unnotched smooth steel deformed at
various current densities. (b) The cha-
nge of vyield stress, 29, flow stress, elon-
gation and area under the stress-strain
curves with current density.
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Photo. 6. Optical micrographs showing the stru-
cture around the tip of a tensile crack
formed in SUS 310 notched steel.
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Photo. 7. Transmission electron micrographs showing the structure near a tensile crack edge
in SUS 310 notched specimen. ( a) current density; 3mA/cm?, no load, (b) no
charge, cross head speed; 0.1 mm/ min, (c¢) 3mA/cm2?, 0.1 mm/ min.

Photo. 8. Transmission electron micrograph (a) showing the structure near a tensile crack edge
in SUS 310 notched steel deformed at the current density of 3mA/cm2?, and diffraction
patterns (b) and (c) taken from the regions marked A and B in (a), respectively.
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