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Resolution of the influence for the insoluble impurity atoms on solute drag
creep and hot ductility
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Effects of second-phase particle on hot ductility of Al Mg alloys,
irrespective of the addition of impurity atoms, were investigated, and the following results
obtained.

[1] The average grain size of each alloy before high-temperature tensile tests was about 20 to 30 p
m. [2] The average grain size of the second-phase particles existing in each alloy is about 1 mm,
and the area fraction is less than 3%. Large elongations of over 200% were obtained in the wide test
conditions of each alloy. [2] From the viewpoint of stress exponent and activation energy for
deformation, the dominant deformation mechanism for the large elongation obtained is considered to
be solute drag creep, which is rate-controlled by the interdiffusion of Mg in Al. [3] The
superplastic-like elongation of over 200% is obtained because the area fraction of the second-phase
particles is slightly less than 3%.
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Table 1 Chemical compositions of the studied alloys

Alloys Elements Mg  Fe Si  Mn Cr Ti Zn  Cu Al
wt % 296 008 004 000 000 002 001 000 bal

Al-Mg
at % 328 004 004 000 000 001 000 000 bal
wt% 290 032 003 000 001 002 000 000 bal
Al-Mg-Fe
at % 321 0.5 003 000 001 001 000 000 bal
wt % 296 008 020 000 000 002 000 000 bal
Al-Mg-Si
at % 328 004 019 000 000 001 000 0.00 bal
wt % 301 033 020 000 001 001 000 000 bal
Al-Mg-Fe-Si

at % 334 0.6 0.9 000 001 001 000 000 bal
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Fig. 1 Microstructures of the as-received materials
and those before high-temperature tensile tests of
these alloys.

Table 2 Area fractions and average particle sizes of
second-phase particles in AI-Mg alloys

Alloys Area Fract'ions of Second- | Average Particle Si'zes of
Phase Particles, ¢ (%) Second-Phase Particles, d, / pm
Al-Mg 129 £ 0.01 0.82 £ 0.20
Al-Mg-Fe 0.56 = 0.00 0.95 £ 0.20
Al-Mg-Si 249 £ 0.02 120 = 043
Al-Mg-Fe—Si 2.81 £ 0.01 1.08 = 0.51
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Fig. 2 Elongation to fracture as a function of initial
strain rate for various Al-Mg alloys.
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Fig. 3 Initial strain rate as a function of tensile
strength for various Al-Mg alloys.
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Fig. 4 Arrhenius plots of flow stress vs. the
reciprocal of absolute temperature for various Al-
Mg alloys, when cross cut at the strain rate of 3x10
: s+ with a constant stress exponent of 3.5.
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