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ABSTRACT
The present study is focused on the evaluation of the aging behaviour and microstructure characterization
of AA2124/SiC/25p composite under the aging temperatures of 180, 185 and 190 °C for various dwelling
time ranging from 0 up to 100 hours. The microstructure was characterized by means of scanning electron
microscopy. The hardness, energy dispersive spectroscopy analysis and X-ray diffraction measurements were
also performed to evaluate the characteristics of aged AA2124/SiC/25p composite. The results show that the
hardness values of as-received composite were considerably improved up to two third by the subsequent ag-
ing. The hardness increasing was attributed to the presence of CuAl,, Al,SiC, and precipitation phases in aged

AA2124/SiC/25p composite.
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1. INTRODUCTION

Metal matrix composites (MMCs) are materials,
which combine a tough metallic matrix with a hard
ceramic reinforcement to produce composite mate-
rials with superior properties to conventional metal-
lic alloys. The most popular reinforcements are sili-
con carbide and alumina. Aluminum, titanium and
magnesium alloys are commonly used as the matrix
phase. The density of most MMCs is approximate-
ly one third that of steel, resulting in high specific
strength and stiffness. Due to these potentially at-
tractive properties coupled with the ability to oper-
ate at high temperatures, MMCs compete with super
alloys, ceramics, plastics and re-designed steel parts
in several aerospace and automotive applications
[1-2]. Discontinuous fibre (short fibre, whisker or
particulate) reinforced aluminum matrix compos-
ites provide many advantages in engineering ap-
plications where low density, high strength, high
stiffness, and being machinable and workable are
mostly considered [3]. Heat treatment of aluminium
alloys are affected by means of precipitation hard-
ening comprising the following steps: solutionizing,

quenching and aging at room temperature (natural
aging) or at elevated temperature (artificial aging)
[4]. The reactivity between the reinforcement and
the matrix during the elaboration process and during
the high temperature solution treatment may lead to
a modification of the composition of the matrix [5].
There are many studies carried out by several re-
searchers such as, Kiourtsidis et al. [6], Christman
and Suresh [7], Sannino and Rack [8], Abdel-Azim
et al. [9], and Pal et al. [10] concerning the effects
of aging on mechanical properties of the aluminum
matrix composites reinforced with one kind of rein-
forcement, i.e., particles or whiskers [11]. However,
there is no work on the aging behaviour of AA2124/
SiC/25p MMCs in the current literature. The present
work was initiated in order to contribute to a better
understanding of the aging behaviour in AA2124/
SiC/25p MMCs. Scanning electron microscopy
(SEM) and X-Ray Diffraction (XRD) techniques
were employed for characterization of all samples.

2. EXPERIMENTAL PROCEDURE
AA2124/SiC/25p aluminum MMCs plates, a-SiC
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reinforced composite which were supplied by
AMC Aerospace Metal Composite Limited (UK).
Mechanical powder metallurgy processing involv-
ing mechanical powder mixing and hot isostatic
pressing followed by forging was used to produce
this composite. The forged composite plates were
solution heat treated at about 505 °C for 1 h. and
quenched in 25% polymer glycol solution. They
were subsequently aged at room temperature for
100 h. (T4 temper condition). The AA2124 alloy
had a composition of Al-3.86Cu-1.52Mg-0.65Mn-
0.17Si which was obtained by the supplier. AA2124/
SiC/25p-T4 composite plates of having 6x6%3 mm
dimensions were used as aging samples. Aging pro-
cedure employed in this study as follows; samples
were annealed at 530 °C for 8 hours and followed
by quenching in ice-cold water and then aging was
performed at 185 °C for 0, 2, 4, 6, 8, 12, 24, 48,
72 and 100 hours. SEM and energy dispersive spec-
troscopy (EDS) analysis were conducted by JEOL
JSM-5910LV to investigate the microstructural
changes of the aged composite. The specimens were
prepared for microstructural analysis and hardness
measurements using conventional polishing meth-
ods without etching. Hardness measurements were
carried out by Rockwell-A (HRA). 18 tests were per-
formed for each aging time and temperature on both
sides (3 measurements for each side) of 3 separate
aged composite to determine the hardness profiles
by DIA Testor 7551 type Instron-Wolpert hardness
testing unit. Phases formed during aging treatment
of AA2124/SiC/25p-T4 composite were determined
by Bruker AXS D8 XRD system with 40 KV and 40
mA operating voltage and Cu Ko radiation. Scan-
ning rate of 0.02° mm-1 was employed in the range
of 5°<26<100°.

3. RESULTS AND DISCUSSION

3.1. Hardness Measurements

The hardness distributions of aged AA2124/SiC/
25p-T4 composite with various aging time and tem-
perature are shown in Fig.1. The hardness values of
aged AA2124/SiC/25p-T4 composite was remark-
ably improved when compared with as received
composites having 47 HRA before aging. It was
found that the hardness were increasing up to 12
h then decreasing with prolonged aging treatment.
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Fig. 1: Hardness distribution of AA2124/SiC/25p-T4
composite with various aging time and temperature.
There was no study found about aging behaviour
of AA2124/SiC/25p-T4 composite in the literature,
therefore direct comparison of our study with others
was not attempted. This is because of the fact that
there are some studies in the reference [6] with very
similar composite composition, totally different
processing conditions, different type of SiC, particle

sizes and volume fractions.

Standard deviation of hardness values was in the
range of 1.467 -2.947 which are reasonable and ac-
ceptable for average 18 hardness measurements for
each composite. The optimum value for all series of
experimental studies was obtained at 185 °C for 12
hours. The similar trend was observed in a previous
study carried out by Bozkurt el al [12]. In this study,
it was employed AA2124/SiC/25p-T4 friction stir
welded composite with a thickness of 6 mm, which
was solutionized at 510 °C and followed by an arti-
ficial aging at 160 °C for 8 h. It was found that the
hardness value of AA2124/SiC/25p-T4 base mate-
rial was risen up to 7.5 % by subsequent aging. In
this study, the hardness value increased up to 67 %
by subsequent aging.

This remarkable increase in hardness, when com-
pared to Bozkurt’s previous study [12], could be
attributed to the difference in solutionizing tempera-
ture, time and quenching media which were ice wa-
ter respectively. Therefore ice water quenching can
provide severe quenching media resulting in high
hardness.

3.2. X-Ray Diffraction
The phases detected by XRD analysis were given
in Fig. 2. In addition, as the Fig. 2 and Fig. 4 de-
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Fig. 2: XRD pattern of AA2124/SiC/25p-T4 composite
as received and after aging at 185 °C for 12h.

picted, there is an evidence of SiO, formation which
is probably the result of oxidation of a-SiC during
heat treatment. Some evidence of SiC oxidation was
found as SiO, peaks in samples aged at 185 °C for
12 hours. Whereas CuAl,, Al SiC, and phase inten-
sities both were increased by the increase with aging
time from 0 h to 12 hours suggesting an increase in
the ratio of reaction products formation between Al-
Cu and Al-SiC.

3.3. Microstructure

SEM micrograph of as received composite before
aging was depicted in Fig. 3(a). The SEM micro-
structure examination revealed non uniform dis-
tribution of SiC particles in the matrix. Backscat-
ter electron image (BEI) micrograph of AA2124/

SiC/25p-T4 composite shown in Fig. 3(b), which
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Fig 3. SEM micrograph of as received AA2124/SiC/25p-T4 composite before aging (a) and BEI image after aging at
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Fig. 4: EDS analysis of region 2 of Fig. 3 (b) given
above for the composite after aging at 185 °C for 12 hours

was annealed at 530 °C for 8 hours and followed by
quenching in ice-cold water and then aging was per-
formed at 185 °C for 12 hours. In SEM microstruc-
ture evaluation before and after aging, SiC particles
were found to be non uniformly distributed through-
out the matrix with a grain size distribution ranging
from (0.05-0.4 micron) and also with a coarser grain
size between 1-6 micron. Evidence of white ultra
fine precipitates was found by SEM, BEI examina-
tion and XRD results were also revealed secondary
phase intermetallics confirming some secondary
reaction products which is in very good agreement
with reference [10].

These reaction products and precipitation phases

were occurred between Al-Cu and Al matrix - SiC
particles system. It was identified CuAl,, Al SiC,

185 °C for 12 hours (b).
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Table 1. Variation of elements in different regions of BEI image after aging

Nugllber Element (%)
BEI C 0) Mg Al Si Cu
1 - - - 94.92 - 5.08
2 10.38 | 2.37 | 0.98 | 64.80 | 14.22 | 3.24
3 16.80 | 4.20 | 0.71 | 48.72 | 27.66 | 2.01

phases in AA2124/SiC/25p-T4 composite after ag-
ing by XRD as depicted in Fig. 2. The precipitation
phases can contribute to overall strength and hard-
ness of composite. It is a very well known fact that
these precipitates such as CuAl,, Al,SiC, phases be-
have as hard secondary phases blocking movement
of dislocations and increasing mechanical properties
and hardness.

The same secondary reaction products and precipi-
tation phases were also detected by EDS analysis,
occurred between Al-Cu and Al matrix - SiC par-
ticles system after aging. These precipitates were
identified as CuAl, and Al SiC, phases as depicted
in Figs. 2- 4.

EDS analysis of composite which was aged at 185
°C for 12 hours and variation of elements in differ-
ent regions of the same BEI image were given in
Fig. 4 and Table 1, respectively. In EDS analysis of
BEI image only Al-Cu peaks were detected in the
region 1 (represented in Fig. 3 (b)) of EDS analysis
revealing matrix structure.

In region 2 (represented in Fig. 3 (b)) of BEI mi-
crograph’s EDS analysis revealing precipitate phase
(Fig. 4) Al-Cu-Si-Mn-Mg-C-O peaks were deter-
mined and the existence of SiC phase was clearly
observed. Besides a little oxygen peak was detected
showing the presence of SiO, phase suggesting an
evidence of oxidation of SiC [13].

In region 3 (represented in Fig. 3 (b)) of BEI micro-
graph’s revealing precipitate phase EDS analysis the
presence of Al peak, which was effected by being a
base material in the composite, Si and C peaks were
observed as main elements confirming the existence
of SiC and Cu-Mg-O peaks were also detected. Cu
and Mg elements are alloying elements of the com-

posites and the oxygen presence could be referred to
oxidation of SiC.

Since a-SiC is quite unstable it reacts with aluminum
alloy matrix or other alloy elements in high temper-
atures. This may explain the absence of Al,CuMg as
aging precipitate or any spinel or oxidation products
like MgO in an Al-Cu-Mg alloy such as AA2124
and the limited presence of CuAl, as XRD pattern
of Fig. 2 indicates. In addition, as the Fig. 2 and Fig.
4 depicted, there is an evidence of SiO, formation
which is probably the result of oxidation of a-SiC
during heat treatment. Since SiO, formation was
only observed in precursor composite and no trace
of SiO, was observed which was inherited by the
production stage. Hence it is quite possible for alu-
minum alloy / a-SiC composites to spontaneously
oxidize, therefore they should be surface protected
at high temperature applications in open air.

4. CONCLUSIONS

In this study, the subsequent aging behaviour of the
AA2124/SiC/25p-T4 composite was investigated.
Following conclusions are drawn from the present
study:

1-The hardness values were generally decreasing
by increasing dwelling time and aging temperature.
The difference in age-hardening behaviour based on
the time and temperature of solution treatment has
been attributed to volume fraction of precipitates.

2-CuAl, and Al SiC, phases were udebtufied in
AA2124/SiC/25p-T4 composite after aging by
XRD. These reaction products and precipitation
phases were occurred between Al-Cu and Al matrix
-SiC particles system.

3-Some evidence of SiC oxidation was found as

154

Advanced Composites Letters, Vol. 18, Iss. 5, 2009



Effect of Subsequent Aging in S,C, Reinforced AA2124 Aluminum Metal Matrix Composite

SiO, peaks in samples aged at 185 °C for 12 hours
which might be due to originated from production
stage. Whereas CuAl, and AlLSiC, phase intensi-
ties both were increased with the increase in aging
time from 0 h to 12 hours. Since SiO, formation was
only observed in precursor composite and no trace
of SiO, was observed which was inherited by the
production stage

4-The optimum aging temperature for the AA2124/
SiC/25p-T4 composite was found to be 185 °C for
12 h.
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