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Effects of Magnesium Addition on Threshold Stress of Al-Mn Alloys
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Abstract : The effects of Mg addition on the threshold stress of Al-Mn alloys were investigated.
A3003 aluminum alloy and 0.2 mass% of Mg-added alloy were subjected to high-temperature tensile
testing and creep testing at temperatures of 160, 200 and 240°C , and the threshold stress at each of
these temperatures was evaluated. The Mg-added alloy showed higher threshold stress than the
A3003 aluminum alloy at 160 and 200°C . This effect of Mg addition diminishes with temperature,
however, and the threshold stress was approximately the same in both alloys at 240°C . Further, the
threshold stress, which was normalized by elastic modulus at each temperature was higher than the
Orowan stress that was calculated from the dispersion density. These results indicate that the solid
solution of Mn enhances the threshold stress of the A3003 aluminum alloy, because the diffusion
velocity of Mn is sufficiently small to limit the mobility of the dislocations. The solid solution of Mg
may enhance such an effect of Mn; however, at higher temperatures, Mg does not have any effect.
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Table 1 Chemical composition in mass% of the alloy
specimens used in this study.

Si Fe Mn Mg Cu Al
3003 0.25 | 0.60 1.1 Tr. 0.15 | Bal.
3003+Mg 0.25 | 0.60 1.1 0.19 | 0.14 | Bal.
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Fig. 1 Stress—strain curves of 3003 and 3003+Mg alloys,
tested at 200°C at an initial strain rate of 3.3 X 10%/s
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Fig. 2 Creep curves of the 3003 and 3003+Mg alloys,
tested at 200°C under a stress of 55 MPa.
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Fig. 3 Creep curves -(a) and the change in strain rate with
time-(b) of the 3003 and 3003+Mg alloys, tested at
200°C under a stress of 55 MPa, corresponding to
Fig. 2.
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Fig. 4 Zener-Hollomon parameter, Z, obtained through
tensile and creep testing at 160°C , 200°C and 240°C ,
as a function of applied stress 0 normalized by
elastic modulus £ at each temperature.
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Fig. 5 Minimum creep rate vs. log( o /E) plots obtained through creep testing at 160°C , 200°C and 240°C.
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Fig. 6 Transmission electron micrographs of the 3003 alloy -(a), (b), and 3003+Mg alloy -(c), (d). (a) and (b)
show specimens crept at 45 MPa at 200°C for 2 h and 70 h, respectively; (c) and (d) show specimens
crept at 55 MPa at 200°C for 2 h and 70 h, respectively.
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(@) and 3003+Mg alloy-(b) before creep testing.
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Fig. 9 Threshold stress, o, normalized by the elastic
modulus £ at each temperature, as a function of
temperature.
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Fig.10 Transmission electron micrographs of the 3003 alloy -(a) and 3003+Mg alloy -(b) before creep testing.

The thickness of the observed specimen is 0.13 um.
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Fig. 11 Amount of solid solution elements, c, in 3003 and
3003+ Mg alloys before creep testing, assayed by
the phenol dissolution method.
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