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1- Introduction

The demand for cost reduction in the area of transportation
like automotive or aerospace applications calls for
decrease in fuel consumption which in turn can be
achieved by weight reduction. In this regards aluminium
and its alloys have been the primary candidate for the
structural parts owing to their low density, high strength
and ductility. In particular the newly designed and
developed AA 7000 alloy series are mainly used for high
strength applications due to their important properties like
age treatable, high formability, good welding properties
and energy absorption. Examples of this series include
bumper beams, chassis parts, crash boxes for light weight
cars, and fuselage and upper wing structure for commercial
aircrafts. The properties of these alloys can be further
improved by adopting new processing techniques, usage
of grain refiners, proper heat treatment and inclusion of
micron or nano-sized reinforcements. Super high strength
aluminum alloys have been extensively studied after
mechanical deformation for several decades, but little
attention has been made on the alloy in as-cast condition
and semi-solid state. As-cast structures of the mentioned
alloys have a significant influence on their mechanical
properties and the quality of finished products. The
structure of such materials can be controlled by some
important factors such as: changing the composition,
adding grain refining agents, minimizing inclusions and
applying thermomechanical treatments. In this paper we
report the development of GNPs reinforced Al-8Zn-3Mg-
2.5Cu matrix nanocomposites. Here the Al-8Zn-3Mg-
2.5Cu alloy is chosen as a matrix material because of its
high hardness and ultimate tensile strength. In addition, it
is a heat treatable alloy and light weight material compared
to that of brass, copper and steel. The Al-8Zn-3Mg-2.5Cu-
SiCnp nanocomposites were synthesized by a combination
of powder metallurgy and stir casting with ultrasonic
waves. The Al-8Zn-3Mg-2.5Cu with and without SiC
nano-particles were subjected to mechanical and wear
testing to evaluate the hardness and wear resistance.

2- Experimental

The chemical composition of the Al-8Zn-3Mg-2.5Cu
aluminum alloy used as matrix material in this. The Al-
8Zn-3Mg-2.5Cu aluminium alloy ingots cut into various
small pieces and then placed into a graphite crucible. The
graphite crucible was placed in an electrical resistance.
Melting of aluminum alloy was done by heating it to a
temperature of ~ 750 ° C. Then, stirring of Al-8Zn-3Mg-
2.5Cu alloy melt was accomplished for 10-15 min with the
help of a mechanical stirrer (500 rpm) and applying
ultrasonic waves (2000w) for 60 s to homogenize the
uniform temperature throughout the melt followed by
addition of pre-heated aluminum powder and SiC np with
different wt.% in the metal melt. Nanocomposite
specimens have been prepared with the addition of 1, 2, 3
and 5 wt.% SiC np. After successful addition of SiC np and
uniform mixing, the composite melt was poured into a
permanent mold designed and fabricated according to
ASTM B557M-10 standard. For microstructural studies,
optical microscope and SEM equipped with an energy
dispersive X-ray analysis (EDX) have been used. The cut
nanocomposite sections were polished using SiC based
abrasive papers and then etched by Keller’s reagent.
Hardness test was carried out according to ASTM E10
standard to check resistance of nanocomposite towards the
plastic deformation. Dry sliding wear tests were conducted
in accordance with ASTM G99 standard using a pin-on-
disc set up at room temperature.

3- Results and Discussion

The initial preform of AI-SiC np nanocomposite was
prepared by mechanical alloying and powder metallurgy
technique. After 2 h of milling, the particle size of
aluminum powder decreased by milling process, which
will have better dissolution and lower agglomeration
during stir casting. Fig. 1 shows the SEM micrographs of
morphology and size of flake shaped Al-SiC
nanocomposite powders after 2 h of milling.

From Fig. 2, it is noticeable that addition of SiC np and
ultrasonication processes assisted stir casting increases the
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number of grain boundaries and therefore promotes a more
homogeneous distribution of intermetallic precipitates.
The optimum content of SiC np that can be used to
reinforce Al-8Zn-3Mg-2.5Cu matrix is 3 wt.%.

The wear results for Al-8Zn-3Mg-2.5Cu alloy and
nanocomposite with and without T6 heat treatment is
shown in Fig. 3 and 4. The amounts of weight loss against
sliding distance for all the samples are plotted. This plot
was obtained at constant normal loads (20 N) with a
constant rotation speed of the counter disk of 250 rpm.
Adding of SiC np, T6 heat treatment make decreases in
weight loss compared to that of unreinforced aluminum
alloy. It observed that the amount of weight loss has
increased by increase in sliding distance showing a linear
trend.  Comparison  between unreinforced and
nanocomposite samples before and after T6 heat treatment
shows that the addition of SiC np to Al-8Zn-3Mg-2.5Cu
matrix has reduced the weight loss in comparison with
unreinforced Al-8Zn-3Mg-2.5Cu alloy. The decrease in
weight loss is mainly attributed to uniform distribution and
strong interfacial bonding of SiCnp with Al-8Zn-3Mg-
2.5Cu matrix.

SEMHV: 150KV
SEM MAG: 1000 x

SEMHV: 150KV WD:433mm L
SEMMAG:200kx  Det: InBesmSE 200 nm
View field: 1.04 pm _Date(midy): 07131116

Fig. 1. Image of Al-30SiCnp composite powder after 2 hours
of high energy milling.
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Fig. 2. SEM back-scattered images, showing the
microstructures of the AIAI-8Zn-3Mg-2.5Cu alloy with: (a)
As cast, (b) 1 wt.%, (c) 3 wt.% and (d) 5 wt.% SiC

nanoparticles.
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Fig. 3- The amount of weight loss of nanocomposite samples
containing different percentages of SiC nanoparticles before
and after applying T6 under 20 N.
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Fig. 4- SEM images of wear surfaces of nanocomposite
reinforced with 3% by weight of SiC nanoparticles under a
force of 20 N, a) before T6 heat treatment, b and c) after T6
heat treatment.

4- Conclusions

1- Stir casting method with ultrasonic waves is very
effective for improvement of the mechanical properties
of Al-8Zn-3Mg-2.5Cu aluminum alloy matrix SiC np
reinforced composites and achieves uniform
distribution of SiC np in the aluminum matrix.

2- The optimum amount of nanoparticles is 3 wt.% SiC.

3- When the wt.% of SiC np reaches more than 3 wt.%;
agglomeration of SiC np at the grain boundaries causes
embrittlement, porosities, less interfacial bonding and
so decrease in mechanical properties.

4- The SEM investigation of the worn surfaces had shown
that abrasive wear was the main wear mechanism in
these composites.
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Investigation of the Microstructure and Mechanical Properties of Cast Al-8Zn-3Mg-2.5Cu
Nanocomposite Reinforced with SiC Nanoparticles after age Hardening Heat Treatment

Mohammad Alipour

Abstract In this study, microstructure and wear properties of Al-8Zn-3Mg-2.5Cu nanocomposite reinforced with 1, 2,
3 and 5 wt.% SiC nanoparticles (SiCnp) produced by stir casting and ultrasonic treatment have been investigated.
Ultrasound device equipped with a cooling system with 2000 W powers was used for mixing alloy and nanoparticles.
Also scanning electron microscopy was used for microstructure studies. The microstructure of nanocomposite was
investigated by scanning electron microscope.The microstructural studies of the nanocomposite revealed that SiCnp
addition reduces the grain size, but adding higher SiCnp content (5 wt.%) does not change the grain size considerably.
Further investigations on hardness revealed that the addition of SiCnp increases hardness and wear resistance. At higher
SiCnp contents (5 wt.%), the presence of SiCnp agglomerate on grain boundaries was found that causes decrease the
hardness and wear resistance. The optimum amount of nanoparticles before and after heat treatment is 3 wt.% SiCnp
that nanocomposite exhibits best wear resistance.

Keywords Casting nanocomposite, SiC nanoparticles, Stir casting, Ultrasonic treatment.
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