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In-situ corrosion fatigue life variation of 6061-T6 aluminum alloy in
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Abstract: Structural components are significantly impacted by alternating loads and corrosion factors during their
service life, which greatly shortens their durability. The study focuses on the 6061-T6 aluminum alloy, with in-situ
corrosion-fatigue tests conducted in a liquid-phase environment under a maximum load of 230 MPa and a stress
ratio of 0.1. By combining electrochemical testing with methods for measuring the thickness of the passive film,
the effects of corrosion medium concentration and temperature on corrosion fatigue performance are investigated,
and failure behavior is analyzed. The data and analysis results from the in-situ corrosion fatigue tests indicate that
within the corrosion medium concentration range of 2 wt.% to 5 wt.%, the fatigue life of the material is reduced by
44.12% t0 61.70%. In the lower concentration range, the resistance of the passive film is increased from 6 977 cm?
to 12 130 Qcm?, hindering the corrosion process and leading to an increase in corrosion fatigue life. However, as
the concentration is further increased to 5 wt.%, the resistance of the passive film is decreased to 4 661 Qcm?,
allowing corrosive ions to penetrate the passive film due to the concentration gradient, which further corrodes the
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material's substrate and accelerates the crack nucleation rate, resulting in a decline in corrosion fatigue life. As the

temperature of the corrosion medium is increased, the resistance of the passive film is raised from 1 557 Q/tm? to
4024 Q/cm?, slowing the substrate corrosion reaction rate, which causes the corrosion fatigue life of the material to

be extended with the rise in corrosion medium temperature.
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Tab.l Basic mechanical properties of 6061-T6 aluminum

alloy
SR PEAR B/ et R/ PR/ SEAA/
GPa MPa MPa %
68.4 294.8 349.4 10.1
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Fig.4 In-situ corrosion fatigue test load spectrum
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Fig.3 Liquid-phase in situ corrosion fatigue platform
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Tab.2 In-situ liquid-phase corrosion fatigue test parameters

M) | oma/ | BEE/ | UEE | WEZ | RiJILE
1 230 10 20 3.50 0.1
2 230 10 30 3.50 0.1
3 230 10 40 3.50 0.1
4 230 10 50 3.50 0.1
5 230 10 60 3.50 0.1
6 230 10 20 2.00 0.1
7 230 10 20 2.75 0.1
8 230 10 20 4.25 0.1
9 230 10 20 5.00 0.1
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Fig.8 Electrochemical impedance spectra and equivalent

circuits for different corrosive medium concentrations
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Tab.3 Fitting results of passivation films thickness resistance
for different corrosive medium concentrations

NaCl # &

/(wt.%)
Reoa/(Qecm™?) | 6977 | 8328
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Fig.9 Electrochemical impedance spectra and equivalent

circuits at different corrosive medium temperatures
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Tab.4 Fitting results for each circuit element at different
corrosive medium temperatures

mEIC 20 30 40 50 60
Reoat/(Qecm™2) | 1557 | 2032 | 3074 | 3457 | 4024
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