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Evaluation of Hydrogen Embrittlement by Internal High—Pressure Hydrogen

Environment in Specimen
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A simple testing method for mechanical properties of materials in high—-pressure hydrogen environments has been developed.
This method does not require any high-pressure vessel but the high-pressure hydrogen environment is produced inside the hole
in the specimen. The specimen temperature is easily controlled by outside environment. The effects of hydrogen environment em-
brittlement (HEE) for SUS304 and 304L at 298, 190, and 77 K were evaluated by the ratio of reduction of area obtained in tensile
tests in hydrogen to that obtained in helium. The results of the evaluation by this testing method agreed fairly well with the results
by the usual method using a high pressure vessel. The hole in the specimen was machined by electric discharge, wire—cut, and
honing. The influence of surface roughness on HEE was compared among these processes and the wire—cut machining was found
to be enough for this new method. Changes of HEE with temperature and fracture surface by hydrogen proved the usefulness of

this new simple method.
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Fig. 1 Schematic diagram of a new mechanical properties tes-
ting method for high pressure hydrogen environment embrittle-
ment.
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Fig. 2 A view of testing system under 10 MPa level hydrogen;
@ pull rod, @ specimen, @ extensometer, @ connecting pipe,
® pressure gauge, ® stop valve, (D vacuum valve, ® purge
valve, @ hydrogen cylinder.

Table 1 Chemical compositions of SUS304 and 304L (mass%).

C Si Mn P S Ni Cr

SUS304 0.04 0.48 0.99 0.023 0.002 821 18.07

SUS304L 0.012 039 1.29 0.034 0.002 9.68 18.01
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Fig. 3 Geometry and machining of specimen; a) dimensions of
specimen in mm, b) a half-cut view of specimen.
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Fig. 4 Inner surface conditions of specimen; a) electro—discharge machining, b) wire—cut, c) honing, d) honing and after testing un-

der 13 MPa H, at RT.
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Fig. 5 Load-displacement curves for SUS304L in 1 MPa and
13 MPa hydrogen and in 12 MPa helium at 298 K, 190 K, and
77 K.
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Fig. 6 SEM images of fracture surfaces of SUS304 in helium and in hydrogen at 298 K. a), b) in helium of 12 MPa, and ¢), d) in

hydrogen of 13 MPa.



4, E =
4.1 ROFIRKERBEMHERDEE

SRR OFRICER A D 5 2 L TEELZTHD1F, &
HETRTL N B0 OZE) & Z2RANER» 5O S ZFE
Thb. INLICLVBOLNLKD OfEIE, ZERB 7R ORER
F RN 7ns. SPATHED 6.25 mm TRONEN
Omm & 1mm & 2mm ORBR KR OWHE O LiZ#H 10 -
9.75 : 9 T, 57 SUS34L D= AKX FOKD 1L,
829%, 80%, 6% THV, ROFN/NIWTTRELNHK
DOELRLRKEV. KD DONGY TR OBERLFEET
U, FIERILC AR T I ELTEHP, HHRHRRICEDE
LNIAEORE & L Tid, ROBHPNIWHREEL W EE
26N5. ROBENNPINWT & T, SEBAFEL - HEcRE
Bild, BRERE D BUNERN O L TES &0 D Rl & RO

B RN ORI EIRC X % K FEALSTHiT 7 O Bk 129

% 20 um

Fig. 7 SEM images of fracture surfaces of SUS304L in hydrogen of 13 MPa; a), b) at 298K, ¢), d) at 190 K, and e), f) at 77 K.
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Fig. 8 Relative reduction area of SUS304 and SUS304L under
1 or 13 MPaat 298, 190, and 77 K. (A 2 mm-diameter hole was
machined by E: electro discharge, W: wire—cut, H: honing.)
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