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1- Introduction

The different aspect of industrial applications of metal
matrix composites (MMCs) in aerospace, military, and
automotive has been the subject of many studies over the
past two decades. The results have shown that compared
to monolithic alloys, MMCs have many advantages,
including better creep and wear resistance as well as higher
specific strength. This study examines the microstructure
and mechanical properties of nanocomposites of Al-10Zn-
3.5Mg-2.5Cu alloy, tungsten disulfide nanoplates, and
aluminum nano-powders prepared by mechanical mixing
and casting methods.

2- Experimental

The materials used in this research were 99% pure
aluminum powder with an average particle size of 45
micrometers and tungsten disulfide nanoplates with an
average thickness of approximately 50-70 nm and an
average diameter of 25 micrometers. Aluminum powder
and reinforcing slurry were ball milled for 2 hours at a
speed of 250 revolutions per minute using a 10:1 ratio of
pellets to powder. It is important to mention that the
primary particle size of aluminum powder is 45 microns.
Ball milling lasts until tungsten disulfide nanosheets are
uniformly distributed between aluminum powders. The
morphology and size of the powders were examined by
SEM after 2 hours of grinding. Al-10Zn-3.5Mg-2.5Cu
aluminum alloy ingots are cut into small pieces and then
placed in a graphite crucible. The graphite crucible was
placed in an electric resistance furnace. Melting of
aluminum alloy was done by heating it to ~750°C. The
mixture of melt alloy and nano-particles was stirred with a
mechanical stirrer at a rotation speed of 1500 rpm for 10
minutes, then stirring was continued with the help of an
ultrasonic device for 5 minutes so that the nanoplates are
evenly distributed and homogenized in the melt.
Nanocomposite samples with 0.1, 0.3, 0.7 and 1 weight
percentages of tungsten disulfide nanosheets as
reinforcement have been prepared. After the successful
addition of nano-reinforcement particles and uniform
mixing, the composite melt was poured into a permanent

mold prepared according to ASTM B108 standard. Before
the tensile test, T6 heat treatment was applied to the
castings containing 0.7% by weight of tungsten disulfide
nanosheets. Finally, the samples were subjected to T6 heat
treatment including heating to 460°C for 8 hours,
quenching in water (25°C) and aging at 120°C for 24
hours. For structural studies, an optical microscope
equipped with an image processing system (Clemex
Vision Pro. Ver.3.5.025) and a Cam Scan MV2300
scanning electron microscope equipped with an energy
dispersive spectroscopy (EDX) detector were used. The
cut sections were polished and then etched by chlorine
etching solution (2 mL H, 3 mL HCI, 5 mL HNOs3, and 190
mL H0) to reveal the structure. The average grain size of
the samples was measured according to the ASTM: E112
standard. The tensile test was performed at ambient
temperature by a SANTAM 150 tensile machine with a
strain rate of s-10.003. The dimensions of the tensile test
specimens were based on the ASTM-E8-04 standard.
Figure 3 shows the size and configuration of the tensile
specimen. 4 tensile test samples were performed and the
average of these 4 samples was reported.

3- Results and Discussion

The morphology and size of the powders were examined
by SEM after 2 hours of grinding. The initial particle size
of aluminum powder was 45 microns. However, after 2 h
of milling, the particle size of the powders is reduced by
the milling process, which can lead to better dissolution
and less agglomeration during the casting process. In
addition, according to SEM results, the morphology of
aluminum powders changes to flakes after grinding.
Besides, tungsten disulfide nanosheets are uniformly
distributed between aluminum powders. Figure 1 shows
the SEM image and elemental analysis of the initial
prototype sample, contains 75% aluminum powder and
25% tungsten disulfide nanoplates, which have been
pressed after grinding before being added to the melt so
that they can be added to the melt more easily. As seen in
Figure 1, due to the formation of tungsten disulfide sheets
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around the aluminum powder in the first stage of grinding,
a uniform distribution of tungsten disulfide sheets on the
aluminum powder was obtained after the grinding process.
In fact, it is believed that the formation of tungsten
disulfide sheets can be beneficial in reducing the high
tendency of nanoparticles to agglomerate during the
milling process.
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Figure 1- SEM image and elemental analysis of the initial

prototype sample containing 75% aluminum powder and
25% tungsten disulfide nanoplates.

Figure 2 shows the strength results of nanocomposite
samples. Tensile strength increases with increasing the
weight percentage of tungsten disulfide nanosheets. In
general, by adding tungsten disulfide nanoplates up to
0.7% by weight, the strength of the nanocomposite
increases, but adding more nanoplates will decrease the
strength of the nanocomposite. The optimal amount of
tungsten disulfide nanoplates according to grain size,
mechanical properties, and optical and electronic images
is 0.7% by weight.
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Figure 8- Results of strength properties of
nanocomposites containing tungsten disulfide nanoplates.

4- Conclusions

The present research work shows that the casting method
using mechanical stirrer and ultrasonic waves has been
very effective for improving the mechanical properties of
Al-10Zn-3.5Mg-2.5Cu aluminum base alloy composites
reinforced with tungsten disulfide nanoplates. Ultrasonic
casting helps in uniform distribution of tungsten disulfide
nanosheets in aluminum substrate. Ultrasonic waves, when
propagating in the base alloy melt, break the clusters of
nanoplates, which leads to uniform dispersion of the
nanoplates and hence improved mechanical properties.
However, when the weight percentage of tungsten
disulfide nanosheets reaches more than 0.7% by weight.
Accumulation of tungsten disulfide nanosheets at the grain
boundary causes brittleness, porosity, less surface
bonding, and as a result, a decrease in mechanical
properties. The best mechanical properties were obtained
for the nanocomposite sample containing 0.7% of tungsten
disulfide nanoplates. The mechanical properties of this
sample are 535 MPa after aging treatment, which has
increased by 155% compared to the base sample before
aging treatment.
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The Effect of Adding Tungsten Disulfide Nanoplates on the Microstructure and Mechanical Properties
of Cast Al-10Zn-3.5Mg-2.5Cu Nanocomposite

Mohammad Alipour

Abstract In this research, the effect of adding tungsten disulfide nanosheets on the microstructure and mechanical
properties of Al-10Zn-3.5Mg-2.5Cu aluminum alloy nanocomposite produced by powder metallurgy and casting method
has been investigated. In this research, first, a pre-structure containing tungsten disulfide nanoplates and pure aluminum
powder is made, and then this pre-structure is added to the melt. The presence of dispersed tungsten disulfide nanosheets
with high specific surface area significantly increases the strength of the nanocomposite. Microstructural studies of the
alloy showed that the addition of tungsten disulfide nanosheets reduces the grain size. Further investigations on the tensile
test showed that the addition of nanosheets increased the ultimate tensile strength. T6 heat treatment increases the final
strength of nanocomposite samples. By adding nanoplates above 0.7% by weight, the presence of tungsten disulfide
nanoplate clumps in the grain boundaries is created as a favorable path for crack growth. The nanocomposite containing
0.7% of tungsten disulfide nanoplates shows a tensile strength of 535 Mpa after heat treatment.

Keywords Metal matrix composites (MMCs); Mechanical properties, Microstructures; Powder processing, Ultrasonic
treatment.
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