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1. Introdoction

Aluminum is one of the engineering materials that have
special importance in various industries. Aluminum is
widely used due to its properties such as low density, high
thermal conductivity, high strength to weight ratio, and
good corrosion resistance, however, it has low hardness
and low wear resistance. Increasing the mechanical
properties of aluminum has always been considered by
many researchers in various fields, including the
automotive, aerospace, and electronic industries. Adding
ceramic reinforcing agents to aluminum and its alloys
increases mechanical properties, including hardness, wear
resistance, and strength. Most of the reinforcing particles
that are added to aluminum alloys are cheap particles such
as SiC and AI203. Therefore, the production and
application of metal matrix composites (MMC) have
increased in recent years.

2. Experimental

2.1. Materials

Commercially, aluminum alloy (AIA380) powder with the
size of ~30-50 wm and 99.95% purity was used as the
matrix. The chemical composition of the AIA380 powder
as cited by the manufacturer is shown in table 1 and figure
1. SiC nanoparticles with a size of 40-100 nm and 99%
purity were used as the reinforcement phase (figure 1).

Tablel. Al A380 chemical compositions

Al Si | Cu|Mn|Mg|2Zn| Fe | Ni | Sn

balance | 85| 35|05 | 05| 3 [ 13|05 0.35

2.2. Fabrication of AIA380-SiC nanocomposites

AL A380 powder and SiC nanoparticles were milled with
(0, 0.5, 1, and 2 wt.%) in a planetary ball mill with balls of
different diameters (4-10 mm) in an argon atmosphere for
10 hours. To protect the powder from agglomeration and

cold welding, 2w% of stearic acid was added to the
mixtures as a process control agent. The ball-to-powder
weight ratio was 10:1 at the rotation speed of 250 rpm.
After milling, a hot press was used for the preparation of
samples. The products were placed in a hot press machine
using a graphite mold with a 15 mm diameter; the rate of
temperature increase was 10 “C/min up to the final curing
temperature of 510 *C (30 min at vacuum and under 50
MPa pressure).

Figure 1. SEM micrograph of raw materials used in this
research: (A) AIA380 alloy and (B) SiC nanoparticles.

3.Result and discussion

3.1 Compressive strength

1) The coefficient of thermal expansion of silicon carbide
is 4x10° K and the coefficient of thermal expansion
of A380 aluminum alloy is 21.8x10¢ K™* The thermal
expansion coefficient of aluminum alloy is
approximately 5.5 times that of silicon carbide. During
cooling, due to the difference in length reduction,
microcracks are formed around the reinforcement
particle. These microcracks increase the density of
dislocations and as a result the compressive strength
increased.

2) Nanoparticles act as barriers to crack growth and
prevent crack growth. Adding nanoparticles increases
compressive strength.

*Manuscript received: July 20, 2022, Revised, October 15, 2022, Accepted, December 17, 2022.
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3. Aluminum alloy powders become finer with increasing
the amount of SiC nanoparticles, because hard SiC
particles, similar to mill balls, can lead to energy
transfer to the metal substrate.

4) The addition of hard particles leads to a decrease in the
fracture toughness of aluminum alloy powders, for this
reason, the failure mechanism in the grinding process
of composite powders with 2% by weight of SiC is
activated earlier and the powders become finer.
According to the Hall-patch effect, grain boundaries
prevent the movement of dislocations. The number of
dislocations inside a grain affects the generation of
stress. Therefore, by changing the grain size, it is
possible to affect the accumulation of dislocations
inside the grain and consequently the compressive
strength increases with the reduction of the grain size.
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Figure 2. Graph of changes of density (g/cm?®) values with
increasing the silicon carbide wt.%.

According to the diagram of Figure 3, it can be seen that
with the addition of silicon carbide nanoparticles, the
compressive strength of the samples increases because,
with the increase of silicon carbide nanoparticles, the
average size of aluminum alloy powders decreases
according to the results of Image J software and according
to the Hall-Patch effect. Silicon carbide nanoparticles as
prevent the growth of cracks due to the difference in the
thermal expansion coefficient of silicon carbide
nanoparticles and aluminum alloy powders. It can be seen
in the graph with the further increase of silicon carbide
nanoparticles to one and two percent by weight, due to the
agglomeration of nanoparticles and the decrease in the
density and porosity values, the compressive strength
decreases.

280 - -
260

7]
240

Compressive strength (Mpa}

200

180

0?0 0?5 1!0 1!5 2:0
SiC [wt%o]
Figure 3. The change of compressive strength values
(MPa) with the increase of silicon carbide wt.%.

4. Conclusion

In this study, the effect of the addition of SiC nanoparticles

and heat treatment on the mechanical properties of the

aluminum blend A380 was investigated. The main results
of this study are as follows:

1) Because the amount of nanoparticles is small, adding
silicon carbide nanoparticles does not change the
constituent phases of the samples.

2) The highest compressive strength occurs with the
addition of half a weight percent of silicon carbide, and
with the increase of nanoparticles due to agglomeration
and decrease in density, the compressive strength
decreases.
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Investigating the Effect of the Amount of Reinforcement on the Compressive Strength of
A380 Aluminum Alloy Nanocomposite Reinforced with Silicon Carbide Nanoparticles

Ali Mohammadi Mohammad Alipour

Abstract In this article, the microstructure and compressive strength of A380 aluminum alloy with the addition of SiC
(Silicon carbide) nanoparticles were investigated. A380 aluminum powder and SiC nanoparticles with amounts (0.5, 1,
and 2 wt%) were milled in a planetary ball mill in an argon atmosphere for 10 hours. The weight ratio of ball to powder
was 1:10 and the rotation speed was set at 250 rpm. After the grinding process, a hot press was used to produce samples,
the products through a graphite mold with a diameter of 15 mm at the same time with a heating rate of 10 °C/min to a
final baking temperature of 510 °C with a holding time of 30 minutes under vacuum at a pressure of 50 MPa was placed
in a hot press. The microstructure and formed phases of the produced samples were investigated using scanning electron
microscope (SEM) and X-ray diffraction (XRD). Universal testing machine (UTM) was used to test the compressive
strength. It was observed that agglomeration occurred with the increase of SiC nanoparticles, which decreased the
mechanical properties. The best density and compressive strength of the samples related to aluminum alloy with 0.5% by
weight of SiC nanoparticles were obtained. Also, due to the low sintering temperature, SiC did not decompose and the
intermetallic compound of aluminum with carbon or aluminum with silicon was not formed

Key Words Aluminum alloy, Silicon carbide, Composite, Powder metallurgy, Compressive strength.
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