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KEYWORDS ABSTRACT

Mechanical properties, Metal matrix nanocomposites are materials with various and diverse properties that are
Nanocomposites, somewhat controllable, and for this reason, there is today a growing effort to apply them in
Alomina nanoparticle, different industries. In this regard, significant research has been conducted to manufacture,
Stir casting method. develop, and improve their properties, leading to the creation of new methods for fabricating

these materials. One such method is the modified stir casting process. In this study, based
on the modified stir casting method, aluminum matrix nanocomposites of “A357” reinforced
with alumina nanoparticles at weight percentages of 0.5%, 1%, and 1.5% were fabricated
under different conditions such as cooling rate of the melt and alloy state. Properties such
as hardness, tensile strength, yield strength, elongation at yield, elongation at fracture,
Young’s modulus, fracture toughness, and work hardening were investigated. Based on the
results obtained, it was found that adding alumina nanoparticles to A357 aluminum results
in a nanocomposite with mechanical properties significantly superior to the base alloy.
Among the nanocomposites fabricated under various conditions, the highest yield strength
was observed in the nanocomposite reinforced with alumina nanoparticles at a weight
percentage of 1%, and the best tensile strength was found in the nanocomposite reinforced
with alumina nanoparticles at a weight percentage of 0.5% under conditions where the alloy
was modified with an admixture in a semi-solid state and cast with a low cooling rate.

Extended Abstract

1. Introduction

the particles become very small, the interaction between nanoparticles and dislocations becomes more
important and they have a great impact on the strengthening mechanisms in composites and improve
the mechanical properties of the composite [1]. The efficiency of the modified vortex casting method for
manufacturing magnesium and aluminum based nanocomposites has been proven and it is of great importance due
to its greater flexibility than other methods based on vortex casting. In this method, active elements can be used in

IVI etal matrix composites reinforced with nanoparticles are called metal matrix hanocomposites. When
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the powder mixture, and in this way, the wettability of nanoparticles by the melt can be improved, and by adding
the powder mixture to the complete melt and using the stirring action, the nanocomposite material can be obtained.

Rashidi Meybodi et al. also investigated the effect of adding clay nanoparticles [15] and magnesium oxide
nanoparticles [16] on the mechanical properties of aluminum matrix composites produced by vortex casting.

The purpose of the current research is to investigate the effect of alumina nanoparticles on the properties of
cast aluminum nanocomposites "A357". For this purpose, alumina nanoparticles with weight percentages of 0.5,
1 and 1.5% were made under different conditions such as different cooling rates of the melt and different states of
the alloy, and the properties of hardness, tensile strength, yield strength, length change in Yield, elongation at
break, Young's modulus, fracture toughness, and toughness have been investigated.

2. Stir casting method

The most important parameters of this method are stirring speed, cooling speed, nanoparticle percentage, melt
temperature and how to add nanoparticles to the melt. In this research, a constant stirring speed of 750 rpm is
selected. In order to change the cooling speed, two separate graphite molds are prepared, one of which is heated
to 200 degrees and the other remains at room temperature, and then the melt is poured into both molds. Also,
nanoparticles with three different percentages, 0.5%, 1% and 1.5%, have been used. The temperature of the melt
is constant at 820 degrees Celsius. To add nanoparticles, first, a mixture of nanoparticles and magnesium was
prepared and the nanoparticles were added to the melt through Amixan powders. Hardness and tensile tests are
used to check the effectiveness of the mentioned method in inoculating nanoparticles into the melt and also to
check the improvement of the properties. These investigations have been done for various nanocomposites and
base alloy in cast state.

3. Preparation of test specimen

In this research, "A357" alloy is selected as the basis of nanocomposite. This material is one of Al-Si casting
alloys, which is widely used in military, aerospace and automotive industries. Also, in this research, alumina
nanoparticles (Al203) of the alpha type with a purity of more than 99% and an average size of 80 nm with three
different weight percentages have been used.

The specimens needed for the hardness test are cut from the ends of the small cylinders formed next to the
main specimen with a height of 1 cm and then polished in several steps and the Brinell hardness test is performed
on them. The large cylinders, which are the main specimens, are also turned into the standard specimen form for
the mechanical tensile test through turning and are subjected to the tensile test. These tests were performed using
a Centam brand tensile testing machine in accordance with ASTM A370 standard in Yazd University Mechanics
Laboratory.

4. The experimental results

Figure 1 is the SEM images taken from pure aluminum alloy "A357" which were taken at magnifications of
1000, 10000 and 30000 times. The pictures are of a sample that was presented under the conditions of low cooling
rate of casting. The images in Figure 2 show the layered eutectic phase with coarse silicon layers (white spots in
Figure 2-c), which can be one of the reasons for the weaker tensile strength of the pure alloy compared to
nanocomposites.

(b) @
Figure 1. SEM image of pure alloy **A357"* with magnifications a) 1000, b) 10000
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Figure 1. SEM image of pure alloy "*A357"" with magnifications c) 30000 times

Figure 2 includes SEM images of "A357" alloy reinforced with 1% by weight of alumina, which was cast by
adding amizan to the molten alloy in a semi-solid state and with a low cooling rate. In the pictures, it is evident
that the silicon in the eutectic phase is finer and also the presence of nanoparticles in the dendrites and the eutectic
phase.

Figure 2. SEM image of 1% alumina nanocomposite, magnifications a) 1000, b) 10000, c) 30000 times

The hardness diagram of aluminum matrix nanocomposite (*A357") reinforced with alumina nanoparticles is
shown in Figure 3. It can be seen that for all three cases of 0.5%, 1% and 1.5% by weight of alumina added to the
melt, the best hardness belongs to adding amizan to the base alloy in a semi-solid state and casting with a low
cooling rate, and also the highest hardness number belongs to the sample with 1.5% by weight of alumina.

Figure 4 shows the yield stress diagram of aluminum-based nanocomposite ("A357") reinforced with alumina
nanoparticles. For all three cases of 0.5, 1 and 1.5% by weight of alumina added to the melt, the highest yield
strength belongs to the addition of amizan to the base alloy in a semi-solid state and casting with a low cooling
rate, and also the highest strength the yield of the sample has 1% by weight of alumina.

The ultimate stress diagram of aluminum matrix nanocomposite ("A357") reinforced with alumina
nanoparticles is shown in Figure 5. It can be seen that for the case of 0.5% by weight of alumina added to the melt,
the highest final tensile strength belongs to the addition of Amizan to the base alloy in a semi-solid state and
casting with a low cooling rate, and for 1 and 1.5% by weight Alumina added to the melt has the highest tensile
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strength of adding Amizan to the base alloy in the state of complete melting and casting with a low cooling rate,
and also the highest final tensile strength of the sample with 0.5% by weight of alumina.

11567
120 11167

104

100 95.67
88 B88.67
81

80 7367 7367 73
54.67

77
68

5767

5

hardness (BHN)

20

nPLH nPLL aALH aALL aASH aAsL bALH bALL basH bASL cALH cALL cASH cASL

sample code

Figure 3. Hardness graph of aluminum matrix nanocomposite (**A357"") reinforced with alumina nanoparticles
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Figure 4. Yield stress diagram of aluminum nanocomposite (**A357"") reinforced with alumina nanoparticles
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Figure 5. Ultimate stress diagram of aluminum matrix nanocomposite (**A357"") reinforced with alumina nanoparticles

Figure 6 shows the diagram of Young's modulus of aluminum matrix nanocomposite ("A357") reinforced with
alumina nanoparticles. For all three cases of 0.5, 1 and 1.5% by weight of alumina added to the melt, the highest
Young's modulus belongs to the addition of amizan to the base alloy in a semi-solid state and casting with a low
cooling rate, and also the highest Young's modulus of the sample has 0.5 wt% alumina.

The graph of the percentage change of length to initial length at the yield stress point of the aluminum-based
nanocomposite ("A357") reinforced with alumina nanoparticles can be seen in Figure 7. It is clear that for the case
of 0.5 and 1.5% by weight of alumina added to the melt, the biggest change in the length at the yield strength point
belongs to the addition of Amigane to the base alloy in the state of complete melting and casting with high cooling
rate, and for 1% by weight of alumina added to the melt, the largest change in length at the yield strength point
belongs to the addition of amizan to the base alloy in the state of complete melting and casting with a low cooling
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rate, and also the largest change in length at the strength point The yield of the sample has 1% by weight of
alumina.
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Figure 6. Young's modulus of aluminum-based nanocomposite (*'A357"") reinforced with alumina nanoparticles
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Figure 7. The percentage change of length to initial length at the yield stress point of aluminum matrix nanocomposite (*'A357"")
reinforced with alumina nanoparticles

5. Conclusion

Adding alumina nanoparticles to molten alloy in semi-solid state generally improves the yield strength and
ultimate strength of aluminum-based nanocomposite. Also, the casting of this kind of nanocomposites with a low
cooling rate produces better mechanical properties than the casting with a high cooling rate, which can also be due
to the longer time of solidification and as a result, the release of some gases. And oxide films trapped in the
nanocomposite and because of the better substitution of nanoparticles. Also, by examining the results, it has been
determined that in the samples with 1% by weight of alumina nanoparticles, the best improvement in mechanical
properties is created and at 1.5% by weight, the yield strength and final strength decrease compared to 1% by
weight. It can be due to the clustering of alumina nanoparticles and the low resistance of the clusters against
mechanical stresses. Also, the highest Young's modulus of the sample has 0.5 wt% alumina.
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