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Table 1
fraction, %)

Mg Si Fe Cu Cr Zn Mn Ti Al
094 0.8 0.67 031 0.19 0.15 0.09 0.04 Bal

Chemical composition of 6061Al alloy (mass
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Dimensions of 6061-T6 Al alloy fatigue sample
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Fig. 3 TDS patterns of 6061Al alloy samples with and

without electrolytic hydrogenation
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samples with and without electrolytic hydrogenation

Stress — displacement curves of 6061Al alloy
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Table 2

samples with and without electrolytic hydrogenation

Tensile mechanical properties of 6061Al alloy

Charging
) R ,,/MPa R _/MPa Al% ZI%
time/h o
0 281.6 307.9 28.3 47.1
24 277.0 302.4 26.3 383
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Fig. 5 Tensile fracture morphologies of 6061Al alloy samples with and without electrolytic hydrogenation: (a), (b) Without

electrolytic hydrogenation; (c), (d) Electrolytic hydrogenation
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Table 3 Tensile mechanical properties of 6061Al alloy samples after 5000 cycling under different o, conditions
Opnax R, /MPa R, /MPa (R0,/R)/% Al% ZI%
0% R, 281.6 307.9 91.5 28.3 47.1
60% R, 292.0 317.0 92.1 27.9 45.6
90% R, » 293.8 3132 93.8 28.2 46.7
B S A A S AR AR A 5 17 VA + I 8((T6) 2 6061 A1
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Fig. 6

samples after 5000 cycling under different o, conditions

Stress — displacement curves of 6061Al alloy
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Fig. 7 Tensile fracture morphologies of 6061Al alloy samples after 5000 cycling under different o, conditions: (a), (b) o~

60% Rp042; (C)a (d) O-maX:90% RPO-2
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Fig. 8 Stress — displacement curves of electrolytically

hydrogenated 6061Al alloy samples after 5000 cycling

under different o, conditions
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Table 4 Tensile mechanical properties of electrolytically hydrogenated 6061A1 alloy samples after 5000 cycling under

different ¢, conditions

O R ,,/MPa R, /MPa (R oo/R )% A% Z/%
0% R, 277.0 302.4 91.6 26.3 383
60% R, 288.7 310.9 92.9 26.2 422
90% R, , 287.4 307.5 93.5 26.0 403

&9 AfFe

o TR 5000 YRAE I i HLAEIS A 6061 AL G RE (¥ 4 7 11 2 55

Fig. 9 Tensile fracture morphologies of electrolytically hydrogenated 6061Al alloy samples after 5000 cycling under
different g, conditions: (a), (b) 0,,,=60% R, ,; (¢), (d) 7,,,=90% R ,

fi 38 T SRR B B SR (O ] 9(e) AT (d))
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Effects of electrolytic hydrogenation and low-cycle fatigue on
mechanical properties of 6061-T6Al alloy

TENG Yue', CHEN Guo-hong', WEI Jin-tao’, MIAO Chun-hui', TANG Wen-ming**

(1. Electric Power Research Institute, Anhui Electric Power Co., Ltd., State Grid, Hefei 230601, China;
2. School of Materials Science and Engineering, Hefei University of Technology, Hefei 230009, China;
3. Engineering Research Center of High-performance Copper Alloy Materials and Processing,
Ministry of Education, Hefei 230009, China)

Abstract: The method combined with electrolytic hydrogenation and low-cycle fatigue was employed to
simulatively study the change of mechanical properties of the 6061-T6 Al alloy, which was used as the liner of
type III hydrogen storage cylinder in high-pressure hydrogen atmosphere and in the process of rapid charge/
discharge hydrogen. It would provide data support for evaluating the long-term service safety and the reliability of
the hydrogen storage cylinder. The results show that during electrolytic hydrogenation, some of the H atoms are
adsorbed on the surface and surface oxide layer of the Al alloy, and others are dissolved into the lattices and grain
boundaries of the Al alloy. It results in the reduction of strength and plasticity of the 6061Al alloy. Further, the
effect of electrolytic hydrogenation on the plasticity of the Al alloy is more obvious. Low-cycle fatigue brings
about the increases of yield strength, tensile strength and ratio yield-to-tensile strength, but the decrease of

plasticity of the Al alloy. As increasing o,

max’

more brittle fracture on the tensile fracture surface of the Al alloy
samples is presented. On combination of electrolytic hydrogenation and low-cycle fatigue, the strength of the
the

reduction of plasticity of the 6061Al alloy speeds, and the quasi-cleavage fracture characteristic of tensile fracture

6061Al alloy increases slightly, however, the plasticity of the alloy decreases persistently. As increasing o

max?

surface of the Al alloy samples is more prominent, which cause the apparent decrease of service reliability of the
6061Al alloy.
Key words: hydrogen storage cylinder; 6061Al alloy; electrolytic hydrogenation; low-cycle fatigue; tensile test
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