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Hydrogen-induced additive stress and
hydrogen embrittlement in 7050 aluminum alloy
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Abstract: The hydrogen-induced additive stress (o,4) and hydrogen embrittlement of 7050 aluminum alloy at various
aging states and different hydrogen charging current densities were investigated by flowing stress differential method.
The results show that the hydrogen-induced additive stress of 7050 aluminum alloy with the same aging state increases
linearly with increasing the hydrogen concentration; simultaneously, the susceptibility to hydrogen embrittlement (/i) of
7050 aluminum alloy also increases with increasing the hydrogen concentration, which suggests that /g is closely related
to g,4. At the same hydrogen charging current density, aging state has a great influence on o,q and Iyg, the 0,4 and Iyg of
under-aged state alloy are of the highest, those of the over-aged state alloy are of the lowest, and those of peak aged are in

the middle.
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S PRHE SR ALCOA a2 7050
BG4 55 mm JEBRM, A5 o (e 534, %) M. Zn
6.42, Mg2.25, Cu2.02, Zr0.13, Ti0.03, MnO0.10,
Cr0.04, Fe0.11, Si0.07, K Al. A
1B, Hp TAEBGREE ) 20 mm, E4AK 4 mm.
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Fig. 1 Schematic diagram of tensile specimen configuration

of 7050 aluminum alloy
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Fig. 2 Aging hardening curve of 7050 aluminum alloy at
135°C
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Fig. 3 Stress—strain curves of 7050 aluminum alloy under
different aging states at different hydrogen charging current

densities: (a) Under-aging; (b) Peak-aging; (c) Over-aging
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Table 1  Hydrogen concentration and hydrogen-induced
additive stress of 7050 aluminum alloy with different aging

states and charging current densities

Aging Current Mass fraction Hydrogen-induced
density/ of hydrogen/ .

state (mA-m™) 10 additive stress/MPa
5 0.21 19.65
Under- 10 0.37 34.94
aging 20 0.59 55.73
30 0.71 69.86
5 0.15 13.75
Peak- 10 0.26 22.42
aging 20 0.42 38.95
30 0.51 48.12
5 0.11 9.89
Over- 10 0.19 18.01
aging 20 0.30 27.67
30 0.36 33.51
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Fig. 4 Relationships between hydrogen concentration of 7050

aluminum alloy and current density under different aging states
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Fig. 5 Relationships between hydrogen embrittlement of

7050 aluminum alloy and current density under different aging

states
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Fig. 6 Stress—strain curves of specimen before (dotted lines)
and after (solid lines) charging under different aging states: (a)

Under-aging; (b) Peak-aging; (c) Over-aging
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Fig. 8 Fracture surface SEM images of under-aged 7050
aluminum alloy at different hydrogen charging current densities:

(a) In air; (b) J=5 mA/cm?; (c) J=20 mA/cm®
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Fig. 9 Fracture surface SEM images of peak-aged 7050
aluminum alloy at different hydrogen charging current densities:

(a) In air; (b) J=5 mA/cm?; (c) J=20 mA/cm’
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Fig. 10 Fracture surface SEM image of over aged 7050
aluminum alloy at different charging current densities: (a) In air;

(b) J=5 mA/cm?; (c) J=20 mA/cm’
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