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As part of eco-friendly policies, interest in hydrogen vehicles is growing in the automotive industry to
reduce carbon emissions. In particular, it is necessary to investigate the application of aluminum alloy for
light weight hydrogen valves among hydrogen supply systems to improve the fuel efficiency of hydrogen
vehicles. In this research, we investigated mechanical characteristics of aluminum alloys after hydrogen
embrittlement considering the operating environment of hydrogen valves. In this investigation, experi-
ments were conducted with strain rate, applied voltage, and hydrogen embrittlement time as variables that
could affect hydrogen embrittlement. As a result, a brittle behavior was depicted when the strain rate was
increased. A strain rate of 0.05 mm/min was selected for hydrogen embrittlement research because it had
the greatest effect on fracture time. In addition, when the applied voltage and hydrogen embrittlement time
were 5 V and 96 hours, respectively, mechanical characteristics presented dramatic decreases due to hydro-
gen embrittlement.
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Fig. 1. Schematic diagram of tensile test specimen
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Fig. 2. Schematic diagram of hydrogen embrittlement using
power supply
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HYDROGEN EMBRITTLEMENT CHARACTERISTICS BY SLOW STRAIN RATE TEST OF ALUMINUM ALLOY FOR HYDROGEN

VALVE OF HYDROGEN FUEL CELL VEHICLE
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Fig. 3. Stress-strain curves with strain rate of Al alloy

Table 1. Analysis result for stress-strain curves with strain rate
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Fig. 4. Ultimate tensile strength, yield strength, yield ratio
with strain rate of Al alloy

Strain rate UTS YS Yield ratio Strain Fracture time Toughness modulus
(mm/min) (MPa) (MPa) (%) (%) (min) (MJ/m%)
0.01 327.667 141.985 43.332 38.965 980 98.794
0.05 316.983 143.766 45.354 35.833 180 88.706
0.5 304.333 155.909 51.229 31.782 18 75.748
1.0 296.849 240.913 81.156 20.779 5 49.004
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Fig. 5. Strain and fracture time with strain rate of Al alloy
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Fig. 6. Toughness modulus with strain rate of Al alloy

d& Yehle Ams UVASTE At [14]. IS E
0.01 mm/min? 1 mm/min®IA 1AIF= °F 99 MI/m®
7} 49 MIm*S WERlo] ©F 50.5% 4atgivt. A3
O JIFHE Tl mEt dFE du FALA
745‘ 14“:4"4]01 el A FrE < S oluAt
el 715

L NaQHAsO4 TH,0 §HeA &Fug e —0—5'_—3
TS Yepd Aot} S Al S8 Alsad
oAl Aol o FAV|EV HH + ¢ +
H— H, H+H— H)¥9, d7F4% A7)l uzt
Ox-]o]_‘/] El—/\galzo] Dlg]_xq /\/\o]j?_‘/] ﬁ_OJa]_Moﬂ oﬂ
TS vAA drh Ay ow A8 FEel uhet
54U A4 FYFE dEEE AREEL] AV
v TFaF sl dFs A= aloln [15]. =S
oﬂ 1 xﬂ 0]7]. H]H]—?ﬂ:oi o] zsﬂ?sl—oﬂ r,q.g. %]’Hﬁ' er
TE= 5 oA 493 -‘:‘rE.L TRro] AAE T [16].
Folg g MRAYE —0.79 VE YEeRt o o]
gk —1.16 V7HA] & ﬂ =zro] BEE L
TS B 5 FpHge R, F40 s E
2o} RESS }7101] FTEste] dRdEs 343 S7F

& O o OH

CORROSION SCIENCE AND TECHNOLOGY Vol.21 No.6, 2022



HYDROGEN EMBRITTLEMENT CHARACTERISTICS BY SLOW STRAIN RATE TEST OF ALUMINUM ALLOY FOR HYDROGEN
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Table 2. Analysis result for stress-strain curves with hydrogen embrittlement time at 3 V

Hydrogen charged time uUTsS YS Yield ratio Strain Fracture time Toughness modulus
(hour) (MPa) (MPa) (%) (%) (min) (MJ/m%)
Oh 316.983 143.766 45354 35.833 180 88.706
8h 311.238 139.978 44.975 34.685 174 83.971
48 h 303.597 134.663 44.356 33.319 167 79.078
68 h 300.087 133.081 44.348 32.987 165 76.472
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Fig. 9. Stress-strain curves with hydrogen embrittlement
time at3 'V
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Table 3. Analysis result for stress-strain curve with applied potential and hydrogen embrittlement time

Hydrogen Hydrogen uTsS YS Yield ratio Strain Fracture time | Toughness modulus
charge voltage charged time (MPa) (MPa) (%) (%) (min) (MJ/m?)
- Oh 316.983 143.766 45.354 35.833 180 88.706
30V 48h 306.087 137.564 44.942 33.987 172 80.364
' 96h 303.904 136.134 44.795 33.208 167 78.564
sov 48h 302.919 135.983 44.891 32.858 165 77.145
' 96h 296.989 130.658 43.994 32.613 163 75.126
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