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Hydrogen Embrittlement of High Strength Steels in High
Pressure Hydrogen Gas at Ambient Temperature

Shigeharu HINOTANI, Fukunaga TERASAKI, and Keizo TAKAHASHI

Synopsis:

It is well known that the ductility and notched tensile strength of steels are reduced in high pressure
hydrogen gas. Since some high strength steels are used for the vesselsto contain high pressure
hydrogen gas, it is important to study this embrittlement phenomenon for the safety of the vessels.
From this point of view, the steels generally used for vessels, AISI 4340, AISI 4130 and a high man-
ganese steel were tested in hydrogen gas at 200kg/cm2 and their embrittlement phenomena were in-
vestigated by means of fracture mechanics. In addition, the fracture morphology was observed by the
scanning electron microscope and the following results were obtained.

(1) Critiral stress intensity factor (Ky) of the steels increases rapidly when the strengths become
lower than 90 kg/mm? by tempering.

(2) The fracture morphology changes from hydrogen embrittlement quasi-cleavage fracture to in-
tergranular fracture as the stress intensity factor decrases or the strength of the steels increases.

(3) From comparison with other environments to cause hydrogen embrittlement, it is realized that
the high pressure (200kg/cm?) hydrogen gas is a severe emvironment almost corresponding to the pure

water saturated with H,S.
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Table 1. Chemical composition of the steels used.

C|Si|[Mn] P | S [Cu]Cr[Ni Mo [solAl
A 10411025(079] 0012 | 0009 | 001 | 086|177 |0.26 | 0.008
B1029]033{065] 0026 | 001510011083 — {01710014
Cl038]030|1.52|0021 0017|001 | — | — — 10.008
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Fig. 1. Relation between mechanical propreties
and tempering temperature.
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Fig. 2. WOL test specimen.
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Fig. 3. Four points bending beam specimen.
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Photo. 1. Stainless steel vessel for testing of high
pressure hydrogen gas embrittlement.
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Fig. 4. Crack surface after exposure exposure for
30 days to hydrogen gas at 200 kg/cm?2
and calculation formula of stress intensity
factor (E : Young modulous B : specimen
width By : specimen width at side groove
a : crack length W : specimen length V:
crack opening displacement).
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Fig. 5. Relation between critical stress intensity factor (Ky) after exposure to hydrogen
gas at 200kg/cm? and tensile strength.
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Fig. 6. Cracking susceptibility of the steels ex-
posed to hydrogen gas at 200kg/cm? by
bending test.
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Fig. 7. Schematic representation of fracture mor-
phology of the steels depending on stress
intensity factor (K) and tensile strength.
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Photo. 2. K-dependence of fracture morphology of steel B (tensile strength: 105 kg/mm?)
after exposure to hydrogen gas at 200 kg/cmz,
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Steel: B (TS=128kg/mm? H2 Pressuer =200kg/cm?)
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Photo. 3. K-dependence of fracture morphology of steel B (tensile srrength: 128 kg/mm?)
after eposure to hydrogen gas at 200 kg/cm2.
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Photo. 4. Comparison of fracture surfaces of steel A (tensile strength: 104 kg/mm?) cracked
by cathodically charged tensile test and by exposure to hydrogen gas at 200 kg/cm?.
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Fig. 8. Comparison of high pressure (200 kg/cm?)
hydrogen gas with other environments
to cause hydrogen embrittlement.
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