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Synopsis

Hydrogen supply networks are being constructed to realize a sustainable hydrogen society. However, because hydrogen
causes hydrogen embrittlement, which degrades the mechanical properties of metals, only limited metal materials can be used for
equipment handling high-pressure hydrogen gas. In general, the hydrogen embrittlement resistance of austenitic stainless steels is
superior to that of structural steels. Among austenitic stainless steels, SUS316, XM-19, and SUH660 comply with the exemplified
standards in the Regulation on Safety of General High Pressure Gas. However, these types of steel contain large amounts of rare
metals such as Ni and Mo, making them less resource efficient. To overcome this, a resource-saving austenitic stainless steel was
developed by optimizing alloying elements. It saves resources without degrading hydrogen embrittlement resistance from that
of SUS316, XM-19, and SUH660. Various properties of the developed steel were evaluated in laboratory-scale tests, and it was
confirmed that the developed steel exhibits similar mechanical properties when tested in nitrogen and in high-pressure hydrogen
gas. In addition, it was confirmed that cold-working the developed steel increases its strength without changing its hydrogen
embrittlement resistance. The developed steel is expected to contribute to the realization of a hydrogen society by reducing the
use of rare metals in equipment handling high-pressure hydrogen gas.
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Table 1 |2 B &8 & Mo (SUS304, SUS316 (high-
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Table 1. Chemical composition and Ni,, calculated by

Oshima’s equation of experimental steels.

Chemical composition (mass%) )
Steel - - Nigg
C|Si|Mn|{Cu|Ni|Cr|Mo| N

Developed

steel 0.08{1.0(1.9|3.9(10.4|18.8|<0.1]0.05|26.3

SUS304 |(0.05/0.3|1.3|{0.5|8.1|18.4| 0.4 {0.08|20.5

(ﬁgﬁ?ﬁls) 0.05/0.6(1.3]0.2|135(16.9| 2.4 |0.02|25.3
eq
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XY BEF5NE. RIBEOXTIHFEILORTIEE
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Ni,, =159 X (%C) +0.32 X (%Si) +0.66 X (%Mn)
+ (%Cu) + (%Ni) +047 x (%Cr) +0.64 X (%Mo)
+159 x (%N) (1)
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Fig. 1. Relationship between Ni,, and relative reduction

o
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of area of austenitic stainless steel.
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Fig. 2. Influence of working rate on tensile strength of
developed steel.
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Fig. 3. Compression deformation resistance curve of
developed steel.
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Fig. 4. Tool wear progression curve during turning of
developed steel.
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Fig. 5. Exterior photo of the side flank surface of the cutting tool during turning of the developed steel.



BTG > T AKFRAFEICEN 2 EGEA — 274 FRAT Y L ASIORE 31

4. 4 THKFHE{LFE

Fig. 6, 7 I Z N NEEMEAMLHEIREE & 341 % O
WHDIPON L 2 i L 72FFEM O, @B X UKESD
SSRT |2 BT B I I-EAM M 2R3, —#avISkFER
(LIZSEIRA IR O 525 2 ) 25 <, Iz CRlBamn
WEHMTEE L2 TIRESISRI DT WVwEER
S5N5. — i CHRISIIMEERBEFICB VW TOKEFD
ISR E R R L FEOEB 2R L. & 512
341 OGN LA 5L 723N BWThH, IBII-Z4h7
HiAR 2 5 AKREMEACIIHER S N Ao 72, Fig. 6, 7H1I
FAZSSHAKEF D RRA /R LT 578, BSEHIZ V1
DIRFEIZBVTORFEIZL DKV EDKTIZIZEALR
bNehoiz.

1200
e— in 115 MPa Hydrogen gas
1000 L L= in Nitrogen gas
Temperature: 213 K
800 |- Strain rate: 7.0 x 10 /s
T
o
=
» 600
n
g
@ 400
200
RRA=1.00
0 1 1 1 |
0 5 10 15 20

Displacement (mm)
Fig. 6. Stress-displacement curves of solution-treated
developed steel.
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Fig. 7. Stress-displacement curves of cold-worked
developed steel.
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Fig. 8. Fracture surface appearance of solution-treated
developed steel tested in (a) nitrogen and
(b) hydrogen gas with magnified images of
the centers. ((c) corresponds to (a) while (d)
corresponds to (b).)

Fig. 9. Fracture surface appearance of cold-worked
developed steel tested in (a) nitrogen and
(b) hydrogen gas with magnified images of
the centers. ((c) corresponds to (a) while (d)
corresponds to (b).)
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Fig. 10. Positioning of Ni and No content and strength of
developed steel.
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