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Hydrogen saves the Earth
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Slow strain rate tensile (SSRT) properties of Cr-Mo steel JIS-SCM435

JISSCM 435 at RT
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i = Proposed criteria for safety factor-based
BZW Bmix ] infinite-life design (Fatigue limit design)
o
: I £ « There is no degradation in tensile strength
g during SSRT testing.
g * There is no degradation in fatigue limit.
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Number of cycles to failure, N (cycles) og: Tensile strength, 0,,yape: Allowable stress
S-N data of Cr-Mo steel JIS-SCM435
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Relationship between H, content and volume

)

According to the results of model compounds,
volume change ratio is proportional to its H, content.
Carbon black can reduce the volume change of the
compounds nevertheless their H, contents are high.

Volume Change after H, exposure (%

Design of
»osure H, pressiire :Q A s Rubber composition
90Mpa S é&‘- QW for high pressure H,
100 - a et
70MPa O&' c,{o°“ Sulfur vulcanized NBR
L— O :unfilled

50 - A /\ :filled with silica 30phr

30MP A filled with silica 60phr
A :filled with carbon black 25phr
10MPa - A :filled with carbon black 50phr

0 - i T
0 1000 2000 3000 4000

Hydrogen Content after H, exposure (mass.ppm)
phr: weight parts per hundred weight parts of rubber
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Solid surfaces

contaminant
o%‘l“g“},ﬁ, ‘; adsorbed layer
10~20 nm < oxide layer
103 nm

deformed layer
+—— Mmetal substrate

“God created the solids, the devil their surfaces”.
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HYDROGENIS

Proper operation and lives of hydrogen systems relies greatly on
friction and wear of components such as valves, bearings, dynamic
seals (packing) and ring/liners.

Friction and wear of materials are not their intrinsic

properties but depend on surrounding gas

Air " Hydrogen
2

o o,
Fresh O, H, H,0
surfuce\ t t t |4 t t 4 t

! ;
,sc‘,’,',':,‘_je/ - (I 11 ol | "l 1‘

Loss of boundary film
Surface degradation

Tribo-design for hydrogen Trace oxygen and water

Generation of hydrogen

Wolfgang E. Pauli AHZZXLDEfFE » HWERROELE - ERECHDIDB
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A4 s umivssiry 26
S Tribology in hydrogen gas

Sliding tests
in highly controlled gas environment
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@ -|Ho2%
<>C(JF o4 o
M I,
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0.1 1 10 100

Water concentration, ppm

Variation of specific wear rate of 316L with water concentration
in hydrogen: pin-on-disk tests, 10N, 0.063 m/s, 126 m
(Fukuda et al., 2010)
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PTFE

1.0E-03

Heating ___
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Rotating Shaft §
Bearing Unit B oot
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Evacuanon[ / \Gsarbcx Friction and wear of pure PTFE slid
against AISI316L in various gas; 50 N
(1.8 MPa), 100 mm/s, 4000 m, 323 K

™ Servo Motor

(Sawae et al., 2010) 29

ta-C DLC slid against 52100 steel ball

Hydrogen

e ta-CDLC Vacuum Dry_Air
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— Low friction in hydrogen
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