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Effect of small addition of silver on
microstructure and mechanical properties of
high- zinc super-high strength aluminum alloy
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Abstract: The effect of small addition of silver on a high-zinc superhigh strength AFZnrMg- Cu aluminum alloy
was investigated. The mechanical properties of the investigated alloys with or without silver addition undergoing dif-
ferent heat treatment were tested by tensile test. Using transmission electronic microscope (TEM), scanning elec-
tronic microscope (SEM) and its energy dispersive spectrometry ( EDS), the microstructures of both alloys were an-
alyzed. The results show that small addition of silver promotes the formation of coarse constituent particles within
the alloy and consumes hardening alloying elements of Zn and Mg, which may decrease the mechanical properties of
the alloy. When the same solid-solution heat treatment and ageing process are employed to the silver-bearing alloy
and the silverfree one, the tensile strength of the former alloy at peak-aged condition is decreased by about 40 M Pa
compared to the latter. However, the solution annealing temperature can be increased due to small addition of Ag.
When the silver-bearing alloy is solutionized on a higher temperature and aged subsequently, the remained coarse
particles in its microstructure can be solutionized into the matrix more sufficiently, and thus makes the alloy obtain a
same level of the tensile strength as the silver-free one at peak-age hardening, while its elongation ratio slightly de-
creases. During ageing, trace addition of Ag enhances the formation of metastable phases and stablizes GP zones and
metastable phases to a higher temperature. However, small addition of Ag prolongs the ageing time reaching the

peak-age hardening for the studied alloy.
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Table 1 Chemical compositions of

investigated alloys( mass fraction, %)

Alloy

Zn Mg Cu Ag Be Zr Al
No.

1 12.20 2.00 2.48 0 0 0.15  Bal
2 12.10 2.27 2.40 0.20 0.01 0.15 Bal
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Fig.1 DTA curves of investigated alloys solution annealed at different temperatures
(a) —Alloy 1; (b) —Alloy 2; (c¢) —Alloy 1; (d) —Alloy 2
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Fig.2 Optical microstructures of investigated alloys solution annealed at different temperatures
(a) —Alloy 1; (b) —Alloy 2; (¢) —Alloy 1; (d) —Alloy 2
(a), (b) —450 C, 2h+ 460 C, 1h; (c), (d) —450 C, 2h+ 470 C, 1h
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Fig.3 SEM images of investigated alloys solution annealed at different temperatures
(a) —Alloy 1; (b) —Alloy 2; (c¢) —Alloy 2

(a), (b) —450 C, 2h+ 460 C, 1h; (c) —450 C, 2 h+ 470 C, 1h
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Table 2 EDS analysis of alloys in as-quenched state (mass fraction, %)

Alloy No. State Zn Cu Mg Ag Fe Al
Undissolved phase 15. 66 44.21 1.18 38.94
1(A) Undissolved phase 6.09 66. 21 1.87 25.82
M atrix 16. 40 1.91 1.27 80. 42
Undissolved phase 10. 17 55.91 1. 64 17.91 14.37
2(A)
M atrix 19.25 3.09 0.74 76.92
Undissolved phase 4.24 27.98 2.43 32.44 32.90
2(B)
M atrix 13.27 2.02 0.78 83.93
A—450 'C, 2h+ 460 C, 1h; B—450 C, 2h+ 470 C, 1h.
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Table 3 M echanical properties of investigated alloys & 700 12 {94
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Alloy No. H eat tTffated On/ @.2/ & £ 600 120 3
condition MPa MPa % = o — Allov 1 2
15} y 116 &
£ 500 =— Alloy 2 )
Solution treated 525 328 12.7 © 112 g
1 =] =2
T6 773 705 9.2 g 400 1g ™
rt 2 1
30 - — A
Low t'emperature 525 336 1.7 0 ————a D 4
solution treated
200 . ' ’ : y 0
5 T6 736 722 9.5 16 32 48 64 80 96
High temperature Ageing time/h

545 355 11.8

solution treated

T6 773 754 6.5
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Fig. 4 Ageing kinetics curves of investigated alloys
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Fig.5 TEM images of precipitates in matrix and at grain boundary in

alloys aged for 1 h at 120 C
(a), (b) —Alloy 1; (c¢), (d) —Alloy 2
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Fig.6 TEM images of investigated alloys at peak-aged condition
(a), (b) —Alloy 1; (c), (d) —Alloy 2
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