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Effects of Copper and Magnesium Contents and the Quenching Rate
on Artificial Age Hardening Behavior of Al-Cu-Mg Alloys™

Taichi Suzuki™**, Hidenori Hatta™** and Hideo Yoshida ™ ***

The effect of the copper and magnesium contents and quenching rate during quenching on the artificial age
hardening behavior of Al-Cu-Mg alloys was investigated. For the higher copper-containing specimens as
conventional 2000 series aluminum alloys, like 2024, precipitation of the stable phases increased as the
quenching rate decreased under the as-quenched conditions. The maximum hardness after the artificial
aging of air cooled (AC) specimens was much lower than that of the water quenched (WQ) specimens. On
the other hand, for the lower copper-containing specimens, coarse precipitation did not increase even in the
case of the AC specimens. The age hardening behaviors of the WQ and AC specimens were very similar
such that the maximum hardness and aging rate were almost the same. Many parts of the fine precipitates
that increased the hardness were thought to be the GPB zone or fine S’ phase for the WQ specimens and
relatively coarse S' phase for the AC specimens. From the calculated CCT diagrams, the lower copper-
containing specimens could maintain the copper and magnesium in the solid solution state during air
cooling, so they could be quenched at a rather slower quenching rate like air cooling.
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Table 1 Chemical composition of the specimens (mass%) .

Alloy Si | Fe | Cu|Mn|Mg| Cr Zn Ti | Al
1.0Cu-0.5Mg | 0.07 | 0.15{0.96 | 0.62 | 0.47 | <0.01 | <0.01 | <0.01 | Bal.
1.0Cu-1.5Mg | 0.07|0.14]0.98 | 0.62 | 1.43 | <0.01 | <0.01 | <0.01 | Bal.
2.0Cu-0.5Mg |0.07 | 0.15|1.94 | 0.62 | 0.48 | <0.01|<0.01|<0.01 | Bal.
2.0Cu-1.5Mg | 0.07 | 0.15|1.99 | 0.61 | 1.47 | <0.01 | <0.01| <0.01 | Bal.
4.0Cu-05Mg [0.07]0.14 | 3.85|0.61 | 047 | <0.01 | <0.01 | <0.01 | Bal.
4.0Cu-1.5Mg | 0.07 | 0.14 | 3.95 | 0.61 | 1.46 | <0.01 | <0.01| <0.01 | Bal.

Table 2 Quenching rate of each quenching method.

Quenching method Quenching rate (°C/s)
Water quenching (WQ) approx. 30
Air cooling (AC) 1
Furnace cooling (FC) 0.008
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Fig. 1 SEM images of specimens under the as-quenched conditions.
The electrical conductivity of the conditions is indicated in the second line in upper

right of each image.
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Fig. 2 Vickers hardness after the artificial aging at 190TC .
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Fig. 3 Electrical conductivity after the artificial aging at 190C .
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Fig. 4 TEM images of (100), aged at 190C for 8 h.
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Fig.6 CCT diagrams calculated by JMatPro.
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Fig.7 Mechanical properties of the specimens. Each
specimen was quenched in (1) WQ after SST
at 500C, (2) Die quenching just after extrusion,
(3) Air cooling after extrusion, followed by the
artificial aging at 190C for 24 h.

Table 3 Mechanical properties of the specimens after each quenching followed by the artificial aging at 190C for 24 h.
TS: Tensile Strength, YS: Yield Strength, EL: Elongation.

) TS YS EL )
Alloy Quenching method [ TS decrease ratio vs WQ (%)
MPa MPa %

2.0Cu-05Mg 278 187 18 -
2.0Cu-15Mg Extrusion = SST = 375 271 17 -
4.0Cu-05Mg Water quenching (WQ) 376 283 14 -
40Cu-15Mg 461 379 12 -
2.0Cu-05Mg 276 192 17 1
2.0Cu-15Mg Extrusion 372 273 16 1
40Cu-05Mg = Die quenching 360 271 15 4
40Cu-15Mg 427 347 12 7
2.0Cu-05Mg 270 192 17 3
2.0Cu-15Mg Extrusion 337 217 17 10
40Cu-05Mg = Air cooling 323 225 15 14
40Cu-15Mg 341 231 13 26
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