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1- Introduction

There is a huge number of published results and researches
on the mechanical properties and wear behavior of
aluminum-based nanocomposites. According to these
researches, the wear behavior and mechanical properties
of the nanocomposite are improved by adding a
reinforcing phase. The aim of the current study is to
produce hybrid nanocomposites with AIA380 matrix
reinforced with graphene nanosheets (0, 0.25, 0.5, 0.75 and
1 wt.%) and silicon carbide nanoparticles (0.5 wt.%).
AIA380 alloy is chosen as the matrix material due to its
hardness and good wear properties. In addition, it is a
lightweight alloy compared to brass, copper and steel
alloys. AIA380-GNPs-SiCnp nanocomposites  were
produced by a combination of powder metallurgy and
spark plasma sintering (SPS) furnace. AIA380 with and
without graphene nanosheets and silicon carbide
nanoparticles will be subjected to wear tests to evaluate the
wear resistance.

2- Experimental

AIA380 aluminum powder with an average particle size of
20 um was used as raw materials. Different percentages of
graphene nanosheets (0.00, 0.25, 0.50, 0.75, 1.00%) and a
fixed percentage of SiC nanoparticles (0.5 wt.%) were
added to the A380 aluminum alloy powder. The AIA380
and GNPs-SiC np mixture was then milled in a high-
energy ball mill for 10 h at 250 rpm with a ball-to-powder
mass ratio of 1:10 under argon atmosphere. Stearic acid
flakes (2 wt.%) were added as a process control agent. To
prevent overheating and sticking of the powder mixture,
ball milling was continued for 30 min with a 15 min rest
period in each milling cycle. The samples were subjected
to SPS process at 540°C with a heating rate of 50°C/min
and a pressure of 40 MPa for a holding time of 10 min and
then cooled by a water circulation system in the furnace.
The mold size used for sintering the samples was 15 mm x
10 mm. Three samples for each percentage were prepared
using the process described above. Scanning electron
microscope (SEM) was used to perform SEM images and
EDS analysis of the nanocomposite powders and samples

(model: TE Scan Mira 3- Czech). Hardness test according
to ASTM E10 standard was used to investigate the
resistance of the nanocomposite to plastic deformation
(ESEWAY 7500, force 30 kg and indentation diameter 2.5
mm). Dry sliding wear tests according to ASTM G99
standard were performed using a pin on a disc adjusted at
room temperature. The counter plate used was a 100Cr6
steel disc with a hardness of 62 Rockwell C. Pins with a
diameter of 5 mm and a length of 10 mm were in contact
with a steel disk. All samples were tested at a rotational
speed of 250 rpm, which corresponds to a speed of 0.5 m/s,
under nominal loads of 10 N. A constant sliding distance
of 1000 m was chosen to test all samples. The mass of all
samples before and after the wear test was recorded using
an electronic balance (Make: GR200-AND) with an
accuracy of 0.1 mg.

3- Results and Discussion

Table 1 shows the hardness results of unmodified and
nanocomposite samples. The slight improvement in
hardness of nanocomposite samples can be the result of
effective dispersion of graphene nanosheets and SiC
nanoparticles in the matrix. As expected, the hardness
values of nanocomposite samples are higher than those of
unmodified samples.

Table 1. Hardness results of different nanocomposite
samples.

Sample Hardness (Hv)
A380 105
Al A380-0.5%SiC-0.25% GNPs | 141
Al A380-0.5%SiC-0.5% GNPs | 175
Al A380-0.5%SiC-0.75% GNPs | 121
Al A380-0.5%SiC-1% GNPs 115

The coefficients of friction (COF) under 10 N loading
conditions for different nanocomposites with different
weight percentages of graphene nanosheets and a fixed
percentage of silicon carbide nanoparticles are shown in
Table 2. It is observed that at a given applied load, the
friction coefficients are the highest for the unreinforced
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nanocomposites. The friction coefficients decrease with
increasing weight percentage of GNP. This is due to the
presence of reinforced nanoparticles in the nanocomposite.
The highest amount of damage to the sample is for the case
where no reinforcement is used. Hence, the amount of
residual wear products should be the main reason for the
large COF. The reinforcement of graphene nanosheets has
reduced the COF due to its self-lubricating property.
During wear, the graphene nanosheets separate from the
nanocomposite and create a lubricating layer on the
surface between the two materials, which reduces the
friction coefficient. The more graphene nanosheets are
uniformly dispersed within the matrix, the more it
improves the stiffness of the nanocomposite, reducing the
coefficient of friction and reducing the amount of wear. In
addition, for nanocomposites, due to their higher
mechanical properties, it is easier to maintain the stability
of the surface oxide layer, thus resulting in relatively less
fluctuation.

The wear results for A380 aluminum alloy for
unmodified and nanocomposites are shown in Table 5.
Table Y shows the weight loss. These results were obtained
at a constant load (10 N) and a constant disk rotation speed
(250 rpm). It is observed that the weight loss decreased
with increasing graphene content. From Table 5, it is clear
that the addition of graphene nanosheets and SiC
nanoparticles to A380 aluminum alloy reduced the weight
loss compared to the unmodified aluminum alloy. This can

be attributed to the uniform distribution and dispersion of
graphene nanosheets and SiC nanoparticles in the
nanocomposites modified with 0.5 wt. % graphene.

Table 2. Coefficient of friction for AIA380 alloy and
nanocomposites for different weight percentages of

graphene
Sample Coefficient of

friction

A380 0.689

Al A380-0.5%SiC-0.25% 0.521
GNPs

Al A380-0.5%SiC-0.5% GNPs 0.455

Al A380-0.5%SiC-0.75% 0.561
GNPs

Al A380-0.5%SiC-1% GNPs 0.571

Table 3. Weight loss as a function of GNPs content for
unrefined and refined nanocomposites

Sample Weight loss(mg)
A380 6
Al A380-0.5%SiC-0.25% GNPs 2.4
Al A380-0.5%SiC-0.5% GNPs 2
Al A380-0.5%SiC-0.75% GNPs 2.1
Al A380-0.5%SiC-1% GNPs 2.3

Fig. 1 SEM images of worn surfaces of (a) pure AIA380, (b) 0.25 wt. %GNP, (c) 0.5 wt.% GNP and (e) 1.0 wt.% GNP tested
under 10 N applied load.
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4- Conclusions
Figure 1 shows the wear morphology of the investigated
nanocomposite under 10 N loading conditions. The degree
of surface damage of the graphene/Al A380 composite
decreases with increasing the reinforcement content up to
0.5 wt. %. In this case, the graphene layers come to the
surface and act as a lubricant during wear, reducing the
wear rate and friction coefficient. According to these
results, the more graphene content is greater than 0.5 wt.
% of graphene, the greater the wear rate due to the
reduction in hardness and the separation of agglomerated
particles that have weak bonding energy with the surface,
so lubrication is not performed well.
In this study, A380 aluminum matrix nanocomposites
reinforced with GNPs-SiC np were produced and the
microstructural, mechanical and tribological behavior of
these nanocomposites were investigated. The experimental
findings are summarized as follows:
1- The optimal amount of nanoparticles is 0.5 wt% GNP.
2- When the weight percentage of the nanocomposite
reaches more than 0.5 wt%. The aggregation of GNPs
at the grain boundary causes brittleness, porosity, less
surface bonding and consequently a decrease in
mechanical properties.
3- The addition of nano-reinforcement significantly
improved the wear resistance of the nanocomposites.

4- However, excessive increase in the amount of graphene
causes aggregation and agglomeration, thus increasing
the COF and wear rate.

5- The wear resistance of the produced nanocomposites is
higher than that of the base sample and the weight
reduction of the base sample is 3 times compared to the
optimal sample. The friction coefficient due to the self-
lubricating nature of graphene for the base sample and
the nanocomposite containing 0.5 wt.% graphene is
0.689 and 0.455, respectively, which indicates a
decrease in the friction coefficient. Also, the hardness
of the samples increases from 105 Vickers for the base
sample to 175 Vickers for the sample containing 0.5
wt.% graphene.

6- There was a transition of the wear mechanism from a
combination of lamellar wear, adhesive wear and
abrasive wear to mild abrasive wear with an increase in
the reinforcing content of graphene nanosheets up to
0.5 wt.%.

7- Increasing the graphene content was beneficial for the
formation of MML during the dry sliding process,
which can not only protect the worn surface but also
reduce the COF of the nanocomposites.
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Investigating Wear and Mechanical Behavior of A380 Aluminum Hybrid Nanocomposite Reinforced
with Graphene Nanosheets and SiC Nanoparticles

Mohammad Alipour

Abstract The purpose of this research is to investigate the microstructure and wear behavior of AIA380 alloy
nanocomposite reinforced with graphene nanoplates (GNPs) and SiC nanoparticles produced by ball milling and spark
plasma sintering furnace (SPS). The percentage of SiC nanoparticles was fixed and the percentage of graphene
nanosheets was considered variable. Graphene nanosheets with percentages of 0.25, 0.5, 0.75 and 1% by and SiC
nanoparticles at 0.5% by weight were added to the nanocomposite. The presence of dispersed GNPs with high specific
surface area significantly increases the strength and hardness of composites. Microstructural studies of the alloy showed
that the addition of GNPs up to 0.5 wt% reduced the grain size, but the addition of a higher amount of GNPs (1 wt%) did
not significantly change the grain size. At higher GNP values, the presence of graphene agglomerates at the grain
boundaries is a favorable path for crack growth. The optimal amount of nanosheets was 0.5% by weight. The wear
resistance of the produced nanocomposites is higher than the base sample and the weight reduction of the base sample
is 3 times compared to the optimal sample. Due to the self-lubricating nature of graphene, the friction coefficient for the
base sample and the nanocomposite containing 0.5% by weight of graphene is 0.689 and 0.455, respectively, which
indicates a reduction in the friction coefficient. Also, the hardness of the samples increases from 105 Vickers for the base
sample to 175 Vickers for the sample containing 0.5% by weight of graphene.

Keywords Aluminum-based nanocomposite, Wear behavior, Mechanical properties, Microstructure, Graphene, Silicon
carbide.
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