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Effects of Ag Addition on Age-hardening and
Nano-scale Precipitate Microstructures of an Al-3.0%Mg-1.0%Cu Alloy
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Abstract: In this work, the bake-hardening (BH) response of Al-3.0%Mg-1.0%Cu alloys with
and without Ag has been investigated by a hardness test, and related to the nano-scale precipi-
tate microstructures observed by high resolution transmission electron microscopy (HRTEM) and
a three-dimensional atom probe (3DAP) . The small addition of Ag increased hardness under a BH
condition (e.g. 443 K for 1.2 ks) due to the rapidly formed nanoclusters containing Mg, Ag and/
or Cu. The formation of the equiaxed Z phase was also accelerated by the Mg/Cu/Ag clusters,
resulting in the more increased second-stage hardening. This strongly suggests that Mg/Cu/Ag
clusters provide effective nucleation sites for the Z phase, whereas Mg/Cu clusters formed in the
ternary alloy do less.
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Table 1 Chemical compositions of the investigated alloys (mass%) .
Alloy Mg Cu Ag Zn Si Fe Ti Al
Base 3.04 0.97 Tr. Tr. 0.09 0.07 0.01 Bal.
0.2%Ag-added 3.08 0.97 0.21 Tr. 0.10 0.07 0.01 Bal.
0.4%Ag-added 3.07 0.98 0.41 Tr. 0.09 0.07 0.01 Bal.
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Fig.2 DSC curves of the Base, 0.2%Ag-added and 0.4%Ag-added alloys after
(a) quenching and (b) aging at 443 K for 1.2 ks. Heating rate is 0.167 K/s.
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Fig.3 TEM bright field images with diffraction patterns of the Base ((a) - (c)) and 0.4%Ag-added
((d) - (f)) alloys aged at 443 K for (a) (d) 3.6 ks, (b) (e) 345.6 ks and (c) (f) 1210 ks 7.
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Fig.4 HRTEM micrographs and FFT spectra obtained from
individual equiaxed precipitates in the Base (1) and
0.4%Ag-added alloys (2) aged at 443 K for 345.6
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Fig.5 3DAP maps showing spatial distributions of Mg
(blue) and Cu (green) atoms in the Base alloy.
(a) as-quenched (A.Q.) and aged at 443 K for (b) 3.6 ks
and (c) 86.4 ks. Only nanoclusters detected by a cluster
analysis based on a maximum separation method 9 are
depicted in the bottom maps of (a) and (b).
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Fig.6 3DAP maps showing spatial distributions of Mg (blue) , Cu
(green) and Ag (red) atoms in the 0.4%Ag-added alloy.
(a) as-quenched (A.Q.) and aged at 443 K for (b)
1.8 ks, (c) 3.6 ks, (d) 14.4 ks and (e) 345.6 ks.
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Fig.7 Cliff-Lorimer plots showing relative ratios of solute
concentrations within nanoclusters in the 0.4%Ag-added
alloy aged at 443 K for (a) 1.8 ks and (b) 345.6 ks.
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Fig.8 Aging time dependence of relative ratio of solute
concentrations within nanoclusters and the Z phase
in the 0.4%Ag-added alloy aged at 443 K.
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Fig.9 Schematic illustration of phase transformations in the (a) Base and (b) Ag-added alloys. Formation of nanoclusters; i.e.

Mg/Cu, Mg/Ag and Mg/Cu/Ag clusters, determines the subsequent strengthening phases through the heterogeneous

nucleation effects.
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