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Effect of trace germanium on microstructure and
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Abstract: The effect of trace Ge on the microstructure and quenching sensitivity of 7056 aluminum
alloy was studied by mechanical tensile and end quenching experiments, combined with some analysis
methods such as metallographic observation, hardness test, conductivity test, scanning electron
microscopy (SEM) and transmission electron microscopy ( TEM). The results show that the trace
clement can refine the alloy grain sizes, the grain size is reduced from 137pm to 114pm; the addition of
trace Ge formes coarse Mg, Ge phase on the grain boundary and inhibits the formation of the T phase.
In addition, compared with the Ge-free alloy, the width of the precipitation free zone of the Ge-
bearing alloy becomes narrow, and is decreased from 190nm to 90nm, and the size of the precipitated
phase at the grain boundary is reduced. The trace addition of Ge could reduce the quench sensitivity of
alloy, increased the quenching depth of the alloy about 25% ,which may be caused by the addition of
Ge which changes the number and size of 4 equilibrium phase during slow cooling; the addition of Ge
reduces the free vacancy concentration in the alloy, non-uniform nucleation and growth of the 75

equilibrium phase at the defect are suppressed, which increases the number of strengthening n'
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precipitates after aging. Thus the drop in the strength is decreased during slow quenching, which

increases the hardenability of the alloy.
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Table 1 Chemical compositions of experimental aluminum

alloy(mass fraction/ %)

Sample Zn Mg Cu Zr Ge Al
Alloy A 9.27 1.99 1.54 0.12 — Bal
Alloy B 9.3 2.05 1.55 0.13 0.11 Bal
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Fig. 1 Optical microstructures of as-cast and homogenized state of experimental alloy

(a)as-cast microstructure of alloy Aj;(b)as-cast microstructure of alloy B; (c)homogenized microstructure of alloy Aj;

(d)homogenized microstructure of alloy B
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Fig. 2 SEM images of alloys A and B after homogenization
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(a), (b) homogenized microstructures of alloy A;(c),(d)homogenized microstructures of alloy B
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Table 2 EDS analysis of the compositions of

precipitates marked in fig. 2 (mass fraction/ %)

Position Al Zn Mg Cu Fe Ge
Al 14.01 43.33 19. 54 22.04 1.08 —
A2 14.13 43. 14 18. 33 23.43 0. 96 —
A3 53.11 0.55 1.25 33.00 12.09 —
Bl 0. 34 3.38 37.30 2.18 0.67 56.15
B2 4.97 3. 36 36. 68 1.59 1.42 51.97
B3 55. 36 3.21 2.56 25.57 10. 86 2.43
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Fig.3 Curves of hardness and hardness retention value of end-quenched specimens

(a)measured value of hardness; (b) retention value of hardness
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Fig. 4 Influence of quenchants on the mechanical properties

and quenching sensitivity of the aged alloys
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test samples of alloys A and B
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Fig. 6 TEM images at different location from water-cooled end in end-quenched specimens

(a)alloy A,5mm;(b)alloy B,5mm;(c)alloy A,at the grain boundry,90mm;(d)alloy B,at the grain boundry,90mm;

(e)alloy A,inside the grain,90mm; (f)alloy B,inside the grain,90mm
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