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Fig. 1 Schematic diagram of hydrogen station and rubber seal application
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Fig. 2 designed pressure and Temperature of hydrogen station
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Blister Fracture

Magnify

0.5mm
EPDM(Hs70) : H,x35MPax100°Cx15hrs.

Overflow Fracture

0 mm
EPDM(Hs70) : H,x35MPax100°Cx15hrs.

Buckling Fracture

10 mm
EPDM(Hs70) : H,x70MPax100°Cx3hrs.

Fig. 3 fracture mode of EPDM O-ring by high—pressure
hydrogen gas
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(H1) Physical properties of variable rubber increased by hydrogen gas pressure

Strain 5 : Tensile | Elongation | Modulus of
Material | Description rate P'res%u:e Fressute strength® at max elasticity
P = T dium (MPa) & o
(min™") me (MPa) stress (%a) (MPa)
0.1 — — 5.8
CR = 0.7 P“‘f&'e“m 100 — — 10
arer 200 = = 55
0.1 14 — —
3 — 25
EPDM — 1.65 glycerol _63 ;’2 _— —
170 31 — —
Fluoro- | Silastic LS 0.3 petroleum ?O}J : : :2
silicone 53 ’ ether g
200 — — 6.6
0.1 18 — —
34 21 — —
IR — 1.65 glycerol o4 22 — —
140 23 — —
200 24 — —
0.1 13 — —
31 24 — —
— 1.65 glycerol 64 27 — —
140 31 — —
R 200 30 — =
Low nitrile 0.3 petroleum ?O}J : : 81?
content : ether
200 — — 16
0.1 7.4 — —
s 30 10 — —
Silicone — 1.65 glycerol 60 i1 _ .
130 11 — —
0.1 11 — —
32 16 — —
— 1.65 glycerol 64 232 — —
< 140 26 —_ —
Viton 200 31 - =
0.1 — — 6.3
—= 0.3 Petr;:eum 100 S s 11
ki 200 — — 630

“Strength at yield unless otherwise indicated.
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(H2) Mechanical properties of rubber
liems EPDM VMO HNBR EPDM (previois study)

Fropenics Basc material Lw;m;ﬁ:@' ngh;fl:?itlit:-d o Low hardness
propertics [JISKG233, JISKE251]

Hardniss | Durometer A) &l Rl &) 0
Teqwile strength (MPa) 2235 i3 308 121
Elongarion at beeak (%) 20 20 260 330

Compression set test [JISKA262], 120°C{ 70 b (EPDM), 130 °C {700h (VMO and HNER)
Compression set () | i | 13 | % | I8
Liw temperature properiics  [JISKA261]
TRIO(C) | 4 | <7 | - | iy
(s permeability test [JISK7126], Hydrogen gas /30 °C / 0.6 MPa/ 2 m Sheet
[m’::;mhﬁﬁ-‘%a-m 316l 22 0.05x 10 18402
Time-lag methiod "™, Hydrogen gas £ 30°C / 0.6 MPa /2 mm Sheet

Diffusivity, Dy (em'fs) 1t 365e007 L3gsi0 B30
a ﬂs;;:::x::ﬂ:.-m L0510 105107 (T 4% 16

(#3) Chemical composition of rubber

Hems EPDM NER

CBS0 | cB25 | Sc80 | NF | NPT | cBAO | ce2s | sceo | NE
EPOM 00 | 100 | 100 | 100 | 100 | - :
NER : . S |- w0 | 10 | 100 | 100
Stearic acld 0 | 1o | 1o | 10 | . 10 | 10 | 10 | 10
Zinc ovide 50 | 50 | 50 | 50 | . | 80 | 50 | 50 | 50
Sulfur 15 | 15 | 18 [ 18| - | 15| 15| 15 | 15
1.3 5-tlalyC lsocyanurate . i < |- 1.0 -S|
Dicurmyl peroxlde . . R I
Carban black 50 25 . s . 50 25
Silca ; I : : : 80 :
Hardness A78 | AGB | A91 | AS4 | AS2 | ATT | AGT | ABS | AB2
Densly, g/em’ 1090 | 1016 | 1136 | 0.928 [ 0.857 | 1191 | 1123 | 1.248 | 1035
Elastic modulus £, MPa 79 | 43 | 93 | 21 | 20 | 63 | 33 | 75 1.1
Naminal fracture siess a°, MPa 19 fr| 18| 13| 10| 2 Wo| 28 | 29
Fracture streteh As 3.6 3.4 36 2% | |4 4.0 4.7 ! 1.5 4.3
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Fig. 4 Relationship between equilibrium hydrogen
content and hydrogen pressure
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Fig. 5 Relationship between internal pressure and
equilibrium hydrogen content
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Fig. 5 O-ring after High pressure hydrogen pressurizing and decompression cycle test at 100°C
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—— O-rings for HYDROGEN STATION

Hydrogen-resistant
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Fig. 6 commercial O-ring for hydrogen station
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Fig. 7 Hydrogen gas hose, “ibar 82"
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