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NEDO - HYDROGENIUS Project g}‘

HYDROGENIUS HYDROGENIS

« Hydrogen Fatigue and Fracture Team

« Hydrogen Tribology Team

» Hydrogen Thermophysical Properties Team
« Hydrogen Simulation Team

HYDROGENIUS Lab. Building

Opening ceremony of HYDROGENIUS
Nov. 9, 2007

HYDROGENIUS Iab. tour

+ Experiments under 100 MPa high-pressure hydrogen gas environment
« High-sensitive and accurate analysis for solution of basic principles in hydrogen-material
interaction problems
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2.1 Mecl
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(b) Hydrogen charged (0.91ppm)
Voids in longitudinal cross section of tensile fractured specimens.

Hydrogen effects

- Voids are elongated in the lateral direction to the tensile axis.
« Nucleation of voids occurs at lower strain.

=P Hydrogen enhances
Localized Slip Deformation.

of Hydrogen Embrittlement in Tensile Fracture

Development of voids in the hydrogen charged specimen of JIS-SGP(0.078% carbon steel)
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Schematic illustration of nucleation, growth and
coalescence of voids.
*T. Matsuo, S. Matsuoka and Y. Murakami_(2007)
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2.1 Mechanism of Hydrogen Embrittlement in Tensile Fracture

Hydrogen Content Distributions and Results of Tensile Tests
(Type 316 stainless steel)
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/® Hydrogen-exposed(102MPa, 393K, 120h)

(1) Hydrogen-exposed (10MPa, 553K, 200h)
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Depth fromsurface 2(mm)
Hydrogen content distributions
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Hydrogen content C, (mass ppm)

Hydrogen is saturated Hydrogen exists only 0
in the specimen in the surface layer

@ Saturated @ Not saturated

500um

Cup-and-Corn type

Shear-type fracture from surface crack

*Y. Mine et al. (2007)
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i JIS-SCM435

Hydrogen-charged
A: /=207 (0.53—0.27 wppm)
@ f<2Hz (0.58-+0.49 wppm)

- /-0.2Hz (0.58-40.49 wppm)

Uncharged
O: f=20Hz (0.01 Mppmv
10 20 0 40 50 70 100

Stress intensity facter range AK (MPam'?)
da/dN-DK diagram for the hydrogen-charged and
uncharged specimens of JIS-SCM435.

*T. Tanaka et al.,
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Mechanism of Hydrogen Embrittlement in Fatigue Crack Growth
Frequency Effect on Hydrogen-Induced Fatigue Crack Growth AcOIera&)él

« The crack growth rate increases with decreasing frequency of cyclic loading.
» There is an upper limit of the hydrogen-induced crack growth acceleration.
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Schematic image of the mechanism of effect of
hydrogen and test frequency on fatigue crack growth.
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Trans. Japan Soc. Mech. Eng., vol. 73 (2007), pp. 1358-1365.

Hydrogen and Frequency Effects on Plastic Zone Size
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Siippiane

(a) Plane stress

(e)Plastic zone produced
at crack under no hydrogen

(f)Plastic zone produced
at crack under hydrogen

Plane strain Crack front

Crack front
‘, V

Plane stress

- Plane strain region Plane strain region

(c) Schematic image of plastic zone at crack tip

Crack front
Specimen surface
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Plane strain region

Crack abserved on specimen surface

Plane stress region Crack observed on specimen surface

A
(d) Difference in fracture between plane stress
and plane strain

(g) No hydrogen effect (h) Hydrogen effect
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Effect of Hydrogen on Fatigue Behavior of Austenitic Stainless Steel g}
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Stress intensity facter range AK (MPam'?)

Effect of Hydrogen on Fatigue Behavior of Austenitic Stainless Steel

HYDROGENIUS

100um 100pm

Difference in crack growth behavior between hydrogen-charged specimens and
uncharged speimens of type 304 (0=280MPa):
(a) uncharged (f = 1.2Hz, 2a = 782mm, N = 11000, 2.2wppm),
(b) uncharged (f = 0.0015Hz, 2a = 778mm, N = 8300, 2.2wppm), and
(c) H-charged (f = 1.2Hz, 2a = 801mm, N = 5150, 3.7wppm)

Murakami et al (2008)
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Effect of Hydrogen on Fatigue Behavior of Austenitic Stainless Steel

Height (nm)
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(a) (b)

Difference in striation morphology between a hydrogen-charged specimens and

uncharged speimens of type 304:

(a) uncharged (0=260MPa, f = 1.5Hz, 2.2wppm) and (b) H-charged (0=260MPa, f=

1.5Hz, 6.7wppm). The arrows in the figures indicate the crack growth directon
Murakami et al (2008)

Effect of Hydrogen on Fatigue Behavior of Austenitic Stainless Steel
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Relationship between ratio of striation height H to spacing s,
H/s, and stress ratio (1-R).

Murakami et al (2008)
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Effect of Hydrogen on Fatigue Behavior of Austenitic Stainless Steel g} Effect of Hydrogen on Fatigue Behavior of Austenitic Stainless Steel
HYDROGENIUS HYDROGENIUS
- - ~ 6
What Happens When Nondiffusible = Flatngrae 050cis
- - E
Hydrogen is Removed by Special X St ]
= H-charged
= -
Heat Treatment? 24t o (Catnodc) |
2 e g 36 wppm
; Heating rate: 0.5 °G/s E
4l | g 3t *
b H-charged =
£ b (Cathodic) 1 =
g 4 T 36wppm 2 2L Uncharged
E = 2.6 wppm
g3 1 =]
E & 1+ NDH-HT o
@ 2 5";53[?5" 1 -‘g 0.4 wppm
5 = -
20 ] =9 —— e
Z . 0 100 200 300 400 500 600 700

0 100 200 300 400 500 600 700
Temperature (°C)

Hydrogen thermal desorption spectrum of Type 316L
Murakami et al (2008)
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Hydrogen thermal desorption spectrum of Type 316L

Murakami et al (2008)
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Hydrogen Trapped at O-site of FCC Metals g}‘

Effect of Hydrogen on Fatigue Behavior of Austenitic Stainless Steel
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Murakami et al (2008)
© I
Crack tip opening and striation formation mechanism in fatigue: (a) no hydrogen effect, (b) hydrogen effect, (c)
schematic image of thick plastic zone wake produced at a crack under no hydrogen, and (d) schematic image of
shallow plastic zone wake produced at a crack under hydrogen effect
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