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Abstract: This paper provides a brief overview on the mechanical and tribological properties of aluminium-
based composites reinforced with various nanoparticles. The amount of reinforcement was, most often, up to
5% (vol. or wt.). Based on the reviewed results, it can be observed that by increasing the amount of
reinforcement, properties such as hardness and density increase significantly. Tribological tests were
performed mostly on pin-on-disc tribometers under dry sliding conditions. Composites reinforced with ceramic
nanoparticles such as Al;Os, SiC, TiC, TiO, and TiB; showed a higher wear resistance than their matrix alloys.
The microstructure of the nanocomposites and morphology of the worn surfaces were in most cases studied
by scanning electron microscopy (SEM), transmission electron microscopy (TEM) and energy dispersive

spectroscopy (EDS).
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1. INTRODUCTION

Metal matrix nanocomposites (MMnC) have
been of great interest to many researchers in
the last two decades. These materials can have
properties such as the high value of modulus,
toughness, ductility and strength, making them
candidates for extensive application in the
automotive, aviation and other industries.
Composite materials contain two or more
physically distinct and mechanically separable
materials [1], whereas nanocomposites have at
least one component of the nano-size [2,3].
Regarding the matrix material used in the
MMnC, aluminium and aluminium alloys are
most often used, followed by manganese alloys
and titanium alloys. Reinforcements can be

classified in two ways, i.e. by the type of
material (most often ceramics, i.e. various
oxides, carbides, nitrides and borides) and by
the shape (particles, whiskers and long fibres).
Particles are usually equaxial with a spherical,
cubic, tetragonal, or irregular shape, and
dimensions from 10 up to 100 nm. Fibre
reinforcements should have a cylindrical shape
and can be short (whiskers) or continuous (long
fibres). Nanoparticles are used much more than
fibres.

Properties like low density, good thermal
conductivity, corrosion resistance, relatively
low production cost, and good recyclability
have influenced a wide and significant
application of aluminium and aluminium alloys
as the matrix of MMnC [2,4-6].
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This paper presents a brief overview of the
influence of nanoparticles reinforcements on
the mechanical and tribological characteristics
of aluminium-based MMnC.

2. MECHANICAL PROPERTIES OF
NANOCOMPOSITES WITH ALUMINIUM
MATRIX

The wuse of Al;03 reinforcement in
nanocomposites with different aluminium alloy
matrices showed an improvement in basic
mechanical properties. In the first case [7] the
matrix was an aluminium alloy AA6082 and 50
nm particles were added in 1, 2 and 3 vol. %. The
SEM analysis showed that a homogeneous
distribution of the reinforcements is obtained.
The mechanical tests showed that with an
increase in the amount of nanoparticles, the
hardness and tensile strength of the
nanocomposite increases, which indicates good
interfacial bonding between the reinforcement
and the matrix. It was found that the
incorporation of 3 vol. % Al;Os achieves the
highest value of hardness and tensile strength.
In the second case [8] the matrix was an
aluminium alloy AA7075 and 20-30 nm
particles were added in 1, 3 and 5 wt. %. Here
also the highest amount of nanoparticles (5
wt. %) showed the most significant
improvement of the mechanical properties.
Similarly, the testing of the composite with
A356 aluminium alloy matrix and a small
amount of Al;Os3 nanoparticles (0.2, 0.3 and 0.5
wt. %) in two sizes (30 and 100 nm) [9] showed
the highest microhardness for the highest
amount of nanoparticles.

On the other hand, Madhukar et al. [10]
showed that there is an optimal value of the
reinforcement amount that is not the highest
used. They tested an aluminium alloy AA7150
reinforced with 0.5, 1.0, 1.5 and 2.0 wt. % SiC
nanoparticles with a size of 40 —60 nm. The
lowest value of porosity and the highest values
of microhardness and ultimate tensile strength

were obtained for the composite with 1.5 wt. %

SiC. This was coupled with the lowest value of
the grain size of this composite.

Simultaneous addition of Al,03 and SiC
nanoparticles (with sizes of 40 and 25 — 50 nm,
respectively) in the same amounts (each as 0.2,
0.5, 0.75 and 1 wt. %) to the aluminium alloy
LM6 also resulted in the improvements of the
microhardness and ultimate tensile strength
[11]. The highest improvements were obtained
for the composite with 1 wt. % Al,Oz and 1 wt. %
SiC.

Rostami and Tajally [12] tested ANSI 332
aluminium alloy reinforced with different
amounts (from 0 to 2 wt. %) of ZrO; and Al,Os
nanoparticles. The sizes of ZrO, and Al;Os
particles were 30 and 35 nm, respectively. The
highest value of tensile strength was obtained
for the composite with 1.25 wt. % ZrO, and 0.75
wt. % Al;03. This can be explained by the
relatively high amount of ZrO, which played an
exceptional role in improving  the
microstructure of the composite. The main
advantages of Al;0s were its high hardness and
wear resistance, so the maximum value of
hardness was obtained for the maximum values
of AlbO3, i.e. for the composite with 0 wt. %
ZrO; and 2 wt. % AlOs. A similar positive
influence of Al,O3 particles in the AA8011
aluminium alloy-based hybrid composite
(reinforced with Al;Os and B4C particles) was
shown by Ramakoteswararao et al. [13]. The
amount of the reinforcements was 1, 1.5 and 2
wt. % and the particles sizes were <50 nm
(Al203) and < 60 nm (B4C).

The effect of the size (micro and nano) of the
reinforcement was analysed by Kumar and Pun
[14]. They tested an AlI7075 aluminium alloy
matrix reinforced either with micro-size (50 um)
or with nano-size (80 nm) Al,Os particles in 1.5,
3 and 4.5 wt. %. Both sizes of the particles had
similar effects and the highest values of the
hardness and tensile strength were obtained for
the highest amounts of reinforcement
regardless of its size. On the other hand,
Rajmohan et al. [15] showed that the addition of
1 and 2 wt. % of CuO nanoparticles (with a size
of 40 nm) to the composites already reinforced
with 10 wt. % SiC microparticles (with a size of
50 um) increase both microhardness and tensile
strength. The composite matrix was pure
aluminium.
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3. TRIBOLOGICAL PROPERTIES OF
NANOCOMPOSITES WITH ALUMINIUM
MATRIX

The addition of Al,Os reinforcement had a
similar effect on the wear resistance of the
composites tested in dry sliding conditions as it
had on mechanical properties, i.e. higher
amount of reinforcement induced lower wear
[8,11]. A similar influence is observed for the
tests performed in lubricated sliding conditions
[9]. In addition, it was shown that larger
nanoparticles (with a size of 100 nm) give
better wear resistance than  smaller
nanoparticles (with a size of 30 nm).

Ekka et al. [16] compared the influence of SiC
and Al;Os nanoparticles. Both reinforcements
were added separately as 0.5, 1 and 1.5 wt. %
to the aluminium alloy 7075 matrix. The sizes of
the nanoparticles were from 40 to 45 nm and
the wear test was in dry sliding conditions. The
results show that the higher addition of SiC
nanoparticles has a more favourable influence
on the wear resistance, which is attributed to a
better interfacial connection between SiC
particles and the matrix alloy.

Following the increase in mechanical
properties with the increase of
nanoreinforcement amount, wear resistance
in dry sliding conditions also increases. Sharifi
and Karimzadeh [17] tested pure aluminium
reinforced with 5, 10 and 15 wt. % Al,03—AIB1>
mixed particles (with a size of 50 — 120 nm).
They found out that the wear resistance
increases with the increase in the
reinforcement content and that composites
reinforced with 15 wt. % particles had the
lowest wear. Similarly, Lekatou et al. [18] used
WC and TiC nanoparticles as reinforcements,
with a size of 200 — 400 nm and 400 — 700 nm,
respectively. The matrix was an aluminium
alloy AI1050, while the amounts of
reinforcements were 0.7 and 1 vol. % TiC and
0.5 and 1.0 vol. % WC. They also showed that
a higher amount of nanoreinforcement gives
lower wear and that WC particles had a higher
impact than TiC particles.

The effect of the size (micro and nano) of the
reinforcement was analysed by Kumar et al. [19].
They tested an Al7075 aluminium alloy matrix
reinforced either with micro-size (50 um) or
nano-size (80 nm) Al>O3 particles in 1.5, 3 and
4.5 wt. %. The results showed that composites
reinforced with nanoparticles had lower wear,
which was attributed to the more uniform
distribution of reinforcement and finer grains
boundary as showed by SEM analysis.

The influence of the nanoparticles on the
both coefficient of friction and wear is studied
less frequently. Jeyasimman et al. [20] tested
an aluminium alloy 6061 reinforced with 2 wt. %
TiC, 2 wt.% AlOs and 2 wt.% TiC-Al,03
nanoparticles in dry sliding conditions. The
titanium carbide was with an average particle
size of less than 200 nm and alumina was with
an average particle size of 40 —50 nm. It was
shown that the combination of both
reinforcements gives the lowest values of
coefficient of friction and wear, which was
slightly lower than the values obtained when
only TiC was added.

4. CONCLUSIONS

The review of the literature showed that the
various ceramic particles were used as the
reinforcements of different aluminium alloys
but all of them impacted higher mechanical and
better tribological properties of the composites
over their matrices.

The mechanical properties usually depend
on the properties of the reinforcing material
such as type, size, morphology, and interface
characteristics between the matrix and
reinforcement. Comparisons of composites
reinforced either with microparticles or with
nanoparticles show a slight advantage of the
nanocomposites.

The wear in dry sliding conditions is the main
point of interest and there are only a few
researches that investigate wear in lubricated
sliding conditions or friction in any conditions.
Reviewed studies showed that the tribological
properties were correlated with the mechanical
properties and that they also depend on the
properties of the reinforcing material. In
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addition, the wuniform distribution of
reinforcement and finer grains boundary
benefited their better tribological properties.
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