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Abstract: Aluminium-based MMCs (metal matrix composites) have many potential applications in the automotive manufacturing
industry, aerospace and military because the aluminum has a low density. Aluminum as a matrix with Al,O3 reinforcement has
attracted interest to be developed in order to improve the mechanical property. The study carried out the formation of
Al-5%Cu-4%Mg matrix with the reinforcement of Al,O3; by thixoforming process. In this paper, we studied the effect of semisolid
thixoforming process on strength of Al-5%Cu-4%Mg matrix. The matrix used here was doped by Al,Oz with the volume fraction
from 5% to 20%. It is found that strength of MMCs significantly increases with increasing volume fraction of Al,O; reinforcement
from 5% to 20%. This is due to a good wettability in interface region such as formation of spinel MgAl,O, phase. Moreover,
toughness of MMCs increases by process of semisolid thixoforming due to evolution of microstructure such as globular and fine
grain structures. These results indicate that the thixocasting process conducted in this study could increase the value of the matrix
hardness and tensile strength, so that such process opens up opportunity for application in the manufacturing industry.
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1. Introduction distribution, clustering and porosity. Thixoforming
process has an advantage to reduce the problems of
reinforcement distribution, clustering and porosity, so
that the homogeneity of MMCs (metal matrix
composite) microstructure could be obtained [6].
However, to our knowledge, only a few studies have
been attempted on semisolid thixoforming of MMCs.

So far, we have reported the formation of
Al-5%Cu-4%Mg matrix with the reinforcement of
Al,O3 by thixoforming process [7]. In this work, we
focus on the effect of semisolid thixoforming process
on strength of Al-5%Cu-4%Mg matrix.

Thixoforming-based aluminum alloys have been
studied by several groups in order to improve the
mechanical properties [1]. Most of semisolid
thixoforming processes were reported on master alloy
(Al-Cu). Wannasin [2] reported thixoforming process
on Al-4.4%Cu with solid fraction of 50%. Jiang [3]
investigated evolution of microstructure and mechanical
property of Al-4Cu-Mg on semisolid process.

Moreover, research in master alloy with
reinforcement (for example Al,Oz or SiC) has also
attracted interest. Kok [4] investigated 2024 aluminum
composite with reinforcement of 30% Al,O3. Onat [5] 2. Experimental Setup
reported Al-4.5Cu-3Mg with 15 vf.% SiC. Their
results showed that the mechanical properties are
sensitively influenced by the reinforcement

The materials used are pure Al ingot, Cu wire, Mg
ingot as a matrix and alumina (Al,O3) as
reinforcement. The chemical composition of Al, Cu
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of master alloy of Al-5%Cu-4%Mg is as follows: first,
Al ingot was melted at 700 °C in a muffle furnace,
then Cu was introduced into the Al melted where Al
and Cu were dissolved homogeneously, Mg ingot was
inserted until the alloy dissolved. Finally, Al,Os is
poured into the master alloy matrix, then stirred with
speed of 5,000 rpm for 30 s and flushed with argon
gas. Afterward MMC has been formed then poured in
the mold.

Thixoforming process was performed in open dies.
Here, the temperature of the MMCs was increased to
reach semi-solid temperature, and the composite was
pressed by load pressure of 150 ton for 3 s.

The microstructure of MMCs was analysed by
using optical microscope, while the hardness and
tensile strength were measured by Frank Well Test
and RMG 100-Germany, respectively.

3. Experimental Results

Mechanical properties of MMCs are influenced by
volume fraction of reinforcement and morphology of
microstructures of the matrix [8, 9]. Fig. 1 shows the
optical microscope images of microstructure for
MMCs with Al,Os reinforcement of 5 vf.% (a), 10 vf.%
(b), 15 vf.% (c), and 20 vf.% (d). It can be seen that,
Al,O3 particles (black colour) are distributed on the

AICu microstructures surface. When the volume
fraction of Al,O3; increases, Al,O3; particles are
relatively distributed in large area on the whole of
microstructures surface. It can be noted that the
distribution of Al,O3 particles sensitively influences
the mechanical properties (strength). We also found
that the MMCs with Al,Os; reinforcement have a
spinel MgAl,O, phase that gives significance to good
wettability in interface region (see Fig. 1) to increase
the strength of MMCs [10]. Moreover, agglomeration
(clustering) of Al,Os particles is also found for higher
volume fraction of Al,O; (see Fig. 2d). Such
agglomeration of Al,Oz particles could result in
porosity, which tends to decrease the mechanical
property [11]. We can see that, Al,O; particles for
sample of 15 vf.% (Fig. 2c) are homogenously
distributed on the whole surface, indicating that
MMCs with Al,Oz reinforcement of 15 vf.% are
appropriate condition of Al,O3 volume fraction.

It is important to be noted that, thixoforming
process results in the AICu microstructure on the
globular shape and fine, which is very essential for
increasing the mechanical properties [12]. Such
structures could be obtained by thixoforming process
with appropriate parameters of pressure and
temperature [13, 14].

Location Al (%) Cu (%) Mg (%) 0O (%)
A 64.86 - 2.76 324
B 85.32 7.49 3.95 3.25
Cc 73.93 8.52 4.76 12.79

Fig. 1 SEM (scanning electron microscope)-EDS (energy dispersive spectrometer) examination at matrix area, interface,

and reinforce.
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(@) MMCs with 5 vf.% Al,O;3 reinforcement (b) MMCs with 10 vf.% Al,O reinforcement

.. r ) T
(d) MMCs with 20 vf.% Al,O5 reinforcement
Fig. 2 Optical microscope image of MMCs with Al,O5 reinforcement of (a) 5 vf.%, (b) 10 vf.%, (c) 15 vf.% and (d) 20 vf.%.
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Fig. 3 Effect of semisolid thixoforming process on (a) hardness and (b) tensile strength of Al-5%Cu-4%Mg matrix.

Fig. 3a shows that semisolid thixoforming process 5%) to 37 HRB (for Al,03 20%). As shown in Fig. 3b,
successfully increases hardness of the matrix, semisolid thixoforming process also increases the
compared to the initial condition (as-cast). When level tensile strength. The tensile strength increases from
of reinforcement Al,O; was added from 5% to 20%, 121 N/mm? to 139 N/mm? when the Al,O3; was added
the hardness also increases from 34 HRB (for Al,O; from 5% to 20%.
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4. Conclusions

We have studied the effect of semisolid
thixoforming process on strength of Al-5%Cu-4%Mg
matrix. The summary of the results is as follows.

(1) Strength of composite
significantly increases with increasing volume
fraction of Al,O3 reinforcement from 5% to 20%.
This may be caused by good wettability in
interface region such as formation of spinel
MgAl,O,4 phase.

(2) Toughness of aluminum matrix composite
increases by process of semisolid thixoforming
due to evolution of microstructure such as
globular and fine grain structures.

(3) Optimum strength and toughness can be obtained
by semisolid thixoforming process on the
condition of 15 vf.% SiC reinforcement.

aluminum  matrix
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