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—— Synopsis

The notch tensile tests of JIS G 4053 SNCM439 steel were conducted at room temperature in a 20 MPa high-pressure
hydrogen gas atmosphere to investigate the crack initiation behavior due to hydrogen embrittlement of the low-alloy steel.
The load-displacement curve in hydrogen gas showed the same behavior as that in air up to the maximum load, however,
the maximum load point of the specimen in hydrogen gas decreased compared to that in air, beyond which the load
abruptly decreased and the specimen broke. The susceptibility to hydrogen embrittlement became higher with high tensile
strength steel over 1000 MPa. Observation of the fracture surface revealed the specimens in hydrogen gas exhibited quasi-
cleavage fracture surfaces with no cracks immediately below the notch root considered as the yielded area before cracking,
and the fracture surface with cracks was the area where the cracks propagated under the influence of high-pressure
hydrogen gas. Crack initiation in hydrogen occurred above a certain strain, the local deformation at which initiated, then
the crack growth is accelerated in hydrogen followed by rapid fracture.
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Fig. 1 Hydrogen storage tanks.
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Table 1 Chemical composition of SNCM439.

(mass %)
c | si|m]| P S Ni | ¢ | Mo
Product | 041 | 022 | 076 | <0.003 | 0.0012 | 172 | 0.82 | 020
. 036-10.15-] 0.60 - 160-0.60-] 0.15-
< <
Requirement | 3 | 035 | .90 | =030 200391 560 | 100 | 030
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Fig. 2 Dimension of tensile test specimens.
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Fig. 3 Testing machine under high pressure gaseous hydrogen.
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Fig. 4 Load-Crosshead displacement curves of SNCM439 steels
with various tensile strength.
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Table 2 Mechanical properties of SNCM439 steels in air and in hydrogen.

Tempering Temperature Test Yield Strength Tensile Strength | Elongation® | Reduction of Area

(°C) Environment (MPa) (MPa) (%) (%)

500 Air 1072 1196 11 48
Hydrogen 1072 1190 4 11

550 Air 920 1056 14 54
Hydrogen 924 1056 8 17

600 Air 815 955 17 61
Hydrogen 794 945 11 30

650 Air 663 822 21 67
Hydrogen 641 798 19 40

¢ Elongation is calculated from crosshead displacement
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Fig.5 Load-displacement curves in notch tensile tests with K; = 4.6 specimens in air and in hydrogen.
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Fig. 6 Effect of tensile strength on notch tensile strength in air
and in hydrogen.
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Fig. 7 Fracture surface of 1050 MPa class specimens.
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Fig. 8 SEM fractographs of notch root at specimen tested in hydrogen.
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Fig. 9 Microstructure observation of SNCM439 with different
tensile strength by transmission electron microscopy.
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Fig. 10 SEM image of 1050 MPa class specimen unloaded after
14kN load.
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Fig. 11 Strain distribution obtained by FEM analysis of 1050
MPa class specimen under 15kN load.
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Fig. 12 Relationship between the tensile strength and the
equivalent plastic strain at the notch root at the maximum load
point in air and in hydrogen.
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