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a b s t r a c t

Age-strengthening behavior of Al–Mg–Si alloy composites reinforced with sub-micron alumina particles
modified by yttrium oxide under the temperature of 130 °C, 160 °C and 190 °C was investigated. The
mechanical performances of unmodified and modified composites after the aging treatment were
evaluated with the tensile test. The results indicate that the hardness level of modified composites is
obviously increased compared to unmodified composites at different aging states, and the process of
aging precipitation of the matrix alloy in modified composites is accelerated by the interfacial reaction of
aluminum and yttrium oxide. The aging microstructures of modified composites have a significant dif-
ference compared to non-modified composites, and present a large amount of dislocations and pre-
cipitates in the matrix alloy. The modified composites treated by the aging exhibit excellent tensile
properties. It is suggested that the interfacial reaction resulted from the surface modification of particles
with the rare-earth yttrium oxide is beneficial in promoting the process of aging precipitates and
strengthening the aging microstructures and properties of Al alloy matrix in modified composites.

& 2015 Elsevier B.V. All rights reserved.

1. Introduction

The aging behavior of discontinuously reinforced composites
has been a subject of great interest both from scientific and
technological view points. Extensive researches have indicated
that the aging behavior of these composites depends mainly on
the reinforcements, alloy composition, the nature of matrix-re-
inforcement interface and other processing parameters [1–3].
There are few reports, however, on discussing the effect of the
interfacial reaction of discontinuous reinforcements in metal ma-
trix on the aging behavior of its reinforcing composites. In our
previous researches, we used the rare-earth oxide to modify the
surfaces of sub-micron alumina particles and studied the effect of
modified alumina particles on the properties of Al–Mg–Si alloy
matrix composites, and indicating that the surface modification of
sub-micron alumina particles with rare-earth can effectively im-
prove the dispersibility of particles in the Al matrix. The me-
chanical properties of modified composites are improved sig-
nificantly due to the interfacial reaction between the rare-earth
oxide and aluminum matrix [4,5]. Literatures [6,7] also studied the

effects of the addition of as-received sub-micron alumina particles
on the aging behavior of reinforcing Al composites, and drew the
conclusions of some unusual characteristics of rare dislocations
and precipitates in the aging matrix. Based on the previous stu-
dies, in the present work, we intend to explore the effects of the
interfacial reaction of Al matrix and yttrium oxide on the age
hardening behavior at different aging temperature in modified
composites filled with sub-micron alumina particles modified by
yttrium oxide, and the tensile properties of aged-treatment com-
posites are also evaluated.

2. Experimental procedures

Surface modification of sub-micron alumina particles (0.3 μm,
nearly spherical) using Y2O3 was carried out by a liquid-phase
coating method, and the Al–Mg–Si matrix composites reinforced
by Y2O3 coating-α-Al2O3 particles with 30% volume fractions were
fabricated by squeeze casting technology. These detailed experi-
mental procedures are available in our previous publication [8].
The specimens were first solution-treated at 530 °C for 1 h and
water-quenched at room temperature. After solution treatment,
the modified composites were aged at 130, 160 and 190 °C for
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periods up to 100 h. For comparison, the unmodified composites
were also treated as above mentioned.

The age hardening responses of composites were characterized
by Brinell–Vickers hardness measurement (HBV-30A), with tri-
plicate specimens and five measurements per condition to ensure
the accuracy of results. The microstructures of aged composites
were characterized by employing a Phillips T20 transmission
electron microscope, operating at 120 kV. Tensile tests for speci-
mens with artificial aging treatment were carried out on an In-
stron-1186 Universal Electron-Tension machine with a cross load
speed of 0.5 mm/min. The size of tensile specimen is shown in
Fig. 1. Three specimens were tested for each composites, and the
testing temperature was at room temperature.

3. Results and discussion

Fig. 2 gives the age hardening curves of Al–Mg–Si alloy com-
posites reinforced by sub-micron α-Al2O3 particles before and
after surface modification using Y2O3 with 30% volume fractions at
130, 160 and 190 °C, respectively. As shown, it is clear that under
three different temperatures, the hardness values of modified

composites at different stages of aging are all higher than those of
non-modified composites, and both non-modified and modified
composites with 30 vol% particles show higher age hardness dur-
ing the aging at 130 °C compared to the aging at 160 and 190 °C.
From the trend of change on the hardening curves, the hardness
values of non-modified composites have a little change, while the
modified composites present obvious age hardening peaks, and
their peak hardening values have an average increasement of ap-
proximately 8% relative to the non-modified composites. In addi-
tion, from the peak aging time, the non-modified composites ap-
pear at about 10, 8 and 7 h, while the modified composites de-
crease to about 9, 7 and 6 h at 130, 160 and 190 °C, respectively. It
indicates that the age hardening process of Al–Mg–Si alloy com-
posites is accelerated, and the aging hardness is enhanced sig-
nificantly due to the addition of sub-micron alumina particles
modified with rare earth Y2O3.

Fig. 3 shows TEM micrographs of the composites at 130 °C for
different aging periods, respectively.

As shown in Fig. 3(a) (under-aged, 130 °C/3 h), Fig. 3(b) (peak-
aged, 130 °C/10 h) and Fig. 3(c) (over-aged, 130 °C/100 h), it is very
difficult to find dislocations and aging precipitates in the as-re-
ceived alumina particles/ Al–Mg–Si alloy composites in all the
aging stages, and the microstructures present the characteristics of
rare dislocations and precipitations. It can be explained by the
previous reports [6]. In contrast, after the surface modification of
sub-micron alumina particles with Y2O3, the aging microstructures
of modified composites have a significant difference compared to
non-modified composites. At under-aged condition(130 °C/2 h), as
shown in Fig. 3(d), there is a certain amount of dislocations and
precipitate phases in the matrix. When the aging time reaches
peak-aged time (130 °C/9 h), the large amounts of precipitates of

Fig. 1. Shape and dimension of tensile specimen (mm).

Fig. 2. Age-hardening curves of unmodified and modified Al2O3p/Al–Mg–Si alloy composites (30 vol%) aged at (a) 130 °C, (b) 160 °C, and (c) 190 °C.
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