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Evolution of Microstructure and Mechanical Properties of
Porous Al Alloy Under Various Heat Treatment

K. M. Ryu, Y. J. Kwon, J. G. Kim, W. S. Cho, N. H. Cho, C. M. Whang and Y. C. Yoo

Abstract

The relationships between evolution of microstructure and mechanical properties of porous Al-3Si-2Mg-2Cu alloy
after the foaming and various heat treating were investigated. The foamed alloy having various densities were
manufactured by powder compact foaming and heat treated. Then compression test was performed with deformation rate
of 0.5/s. The ultimate compression strength was not changed after solution heat treatment but the flow curve after
ultimate strength showed very smooth and uniform plateau region. This change of flow curve means that the deformation
mechanism is altered from brittle fracture to ductile deformation and the energy absorption property of Al foam is
dramatically improved. The improvement of energy absorption without any detriment of mechanical properties is due to
that the very brittle precipitation like Al-Cu and Al-Mg was uniformly dissolved in Al matrix after solution heat treatment.
And various mechanical properties of Al alloy porous material were improved by 40% with aging of 200°Cand 50min.

These improvements are ascribe to the various fine precipitates like 2 and 6 .

Key Words : Aluminum Alloy, Foam, Solution Treatment, Aging, Precipitate, Porous.
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Table 1 Average pore sizes and standard deviations of the foam material having various densities

. density average pore standard deviation aspect ratio
material 3 :
(g/cm’) diameter (mm) of pore of pore
1.0 1.95 1.25 1.71
A)-3Cu-2Mg-2Si
8 0.82 2.36 1.80 1.88
Table 2 Chemical composition of as-foamed Al alloy
material Mg Si Cu Fe Mn Cr Ti 0
Al-3Cu-2Mg-2Si 0.26 3.34 1.83 0.35 0.17 0.09 0.69 2.03
S

(K St Element Weight% __Atomic%
0 36.25 50.01
Mg 2.16 1.96
Al 17.95 14.68
Al Si 41.19 32.37
Ti 0.87 0.4
Fe 0.59 0.23
Cu 1 0.35

Element  Weight% Atomic%
0 2.69 6.32
Al 43.85 61.04
Si 1.39 1.86
Cu 52.07 30.78

Cu e

Element __ Weight%__Atomic%
0 14.42 22 07
Mg 2.72 2.73
Al 82.86 75.19

Fig. 2 Optical, electron micrographs image and EDX results showing the microstructure of as-foamed
Al alloy, (a) Optical image, (b) SEM normal image, (c) SEM backscattered image, and (d) EDX
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Fig. 3 Compressive stress-strain curve of porous Al
having two types of density, p = 1.00 and p =
0.82

Table 3 Mechanical properties of porous Al alloy

Density (p= g/cm®)/ | Compressive strength | Young's
relative density (p/p,) (MPa/density) modulus
0.82/0.31 32.54 15.48
1.00/0.37 36.20 15.87
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Fig. 4 Stress-strain curve of porous Al alloy before and after solution heat treatment at 500°C and 4hours

Fig. 5 The fractured structure morphology of porous Al alloy at 20% strain, (a) as received and (b) solution
treated

Table 4 Mechanical properties of porous Al alloy before and after solution heat treatment at 500°C, 4hr for 1.0g/cm’

Compressive Young's
strength modulus
(Mpa/density)
as received 36.20 15.87
heat treated 39.30 10.84
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