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Interest in aluminum alloys for the hydrogen valves of fuel cell electric vehicles (FCEVs) is growing due
to the reduction in fuel efficiency by the high weight. However, when an aluminum alloy is used, dete-
rioration in mechanical characteristics caused by hydrogen embrittlement and wear is regarded as a prob-
lem. In this investigation, the aluminum alloy used to prevent hydrogen embrittlement was subjected to
surface treatments by performing hard anodizing and plasma ion nitriding processes. The hard anodized Al
alloy exhibited brittleness in which the mechanical characteristics rapidly deteriorated due to porosity and
defects of surface, resulting in a decrease in the ultimate tensile strength and modulus of toughness by
15.58 and 42.51%, respectively, as the hydrogen charging time increased from 0 to 96 hours. In contrast,
no distinct nitriding layer in the plasma ion-nitrided Al alloy was observed due to oxide film formation and
processing conditions. However, compared to 0 and 96 hours of hydrogen charging time, the ultimate ten-
sile strength and modulus of toughness decreased by 7.54 and 13.32%, respectively, presenting excellent
resistance to hydrogen embrittlement.
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Table 1. Chemical composition of Al alloy
Mg Si Fe Cr Cu Al
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cbel gl Zepzmpol 2 st A & VA 544 9 Fig. 1. Schematic diagram of tensile test specimen
Table 2. Condition of hard anodizing process
Processing Electrolyte Temperature Current Time
Hard anodizing 9.8 % H,SO, I5A 40 mins
Table 3. Condition of plasma ion nitriding process
Processing Bias Gas Chamber pressure Temperature Time
Etching 300V 25% N, 75% H, 300 Pa 250°C 60 mins
Plasma ion nitriding 350V 25% N, 75% H, 350 Pa 250 °C 240 mins
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Fig. 3. EDS analysis of hard anodized Al alloy

Fig. 2. FE-SEM images of hard anodized Al alloy

CORROSION SCIENCE AND TECHNOLOGY Vol.22 No.4, 2023

!.i I. ll_‘ =

Cross-sectional image

el e

223



DONG-HO SHIN AND SEONG-JONG KIM

Surface image

Fig. 4. FE-SEM images of plasma ion nitrided Al alloy
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Fig. 5. EDS analysis of plasma ion nitrided Al alloy
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Fig. 6. Vickers hardness value for plasma ion nitrided and
hard anodized Al alloy
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Fig. 7. Stress-strain curves for hard anodized and plasma ion nitrided Al alloy with hydrogen charging time at 5V
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Table 4. Analysis results for stress-strain curve for hard anodized and plasma ion nitrided Al alloy with hydrogen charging
time

Surface coatin Hydrogen UTS YS Yield ratio Strain | Fracture time | Modulus of toughness
& charged time (MPa) (MPa) (%) (%) (min) (MJ/m®)
Oh 318.827 150.758 47.285 34.683 174 87.106
12h 316.213 137.083 43.351 34.203 171 84.445
Hard anodizing
48h 287.462 242.953 84.516 22.776 114 53.379
96h 269.136 225.676 83.852 22.108 111 50.074
Oh 322.587 132.237 40.993 38.003 191 96.008
12h 318.288 129.631 40.728 37.617 189 93.959
Plasma ion nitriding
48h 304.733 122.633 40.243 36.567 183 87.446
96h 298.261 118.113 39.601 35.869 180 83.212
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Fig. 8. Ultimate tensile strength, yield strength and yield ratio for hard anodized and plasma ion nitrided Al alloy with
hydrogen charging time
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Fig. 9. Strain and fracture time for hard anodized and plasma ion nitrided Al alloy with hydrogen charging time
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