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Abstract - Aluminium matrix composites find wide applications in transportation and weight saving applications. Their density
is comparatively lower than those of Al alloys with the advantage that their properties can be tailored as per requirement. A
number of processing routes are available for their production ranging from casting, powder metallurgy, infiltration etc. The
present work provides a technical review on the Al metal matrix composites processed through stir casting. The findings of various
researchers are summarized and analyzed to offer a comprehensive review on Al based composites and hybrid composites. A
comparison of wear properties between Al alloys and its composites are also presented.
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1. INTRODUCTION

To optimize fuel consumption without compromising functionality, reliability and durability modern vehicles must make use of
materials having high specific strength. One such material is aluminium and its alloys. The ease with which such alloys can be
casted, machined and fabricated has made them the materials of choice in several industrial applications. Further, these alloys
possess relatively high resistance to environmental attack due to an adherent surface oxide. However, a limitation of Al and its
alloy is their lower abrasive wear resistance compared to steels.

Wear refers to the deterioration of a material at its surface due to relative motion in contact with one or more surfaces. Alloying
with Si and Cu into aluminium has shown significant increase in the wear resistance of pure aluminium. Specific wear rate was
reduced by about 36% for the Al alloys compared to that of pure Al when tested under identical wet conditions. Further, unlike
pure Al, Al alloys do not show an increase in the coefficient of friction beyond a threshold load. Increased tribological
characteristics in aerospace, vehicular applications warrant the development of a light weight material whose wear resistance
properties are beyond those obtained from aluminium alloys.

The above issue can be partially answered by Aluminium matrix composites. A composite material is one which is made up of a
reinforcement phase and a matrix phase. The reinforcement provides strength while the matrix phase acts as an envelope
protecting the reinforcement from sudden loading and serves to provide shape to the material. A unique feature of such
composites is that the properties can be tailored by varying the volume fraction of the reinforcements relative to the matrix.
Furthermore, incorporation of reinforcements into Al does not significantly alter the density of Al. However, the conventional
aluminium metal matrix composites make use of macroscopic reinforcements. These reinforcements are not well dispersed
throughout the matrix phase and do not prohibit wear effectively. This limitation can be overcome with the help of
nanocomposites. Nanocomposites are those materials that have reinforcements in nanoscale. The nano-scaled reinforcements
permit superior distribution in the matrix which in turn could lead to improved tribological properties.

The present review provides an overview of Al matrix composites. The state-of-the-art processing methods and the wear test
outcomes with variables affecting the experimental evaluation of wear characteristics are presented below.

2. LITERATURE REVIEW
2.1 Wear in Aluminium Alloys

The unique characteristics of Al and its alloys have bolstered their use in a number of engineering applications. Pure
aluminium has insufficient strength and wear-resistance property. These shortfalls are remarkably improved with the help of
alloy additions. The alloy metals added form intermetallic compounds and offer resistance to slip leading to increased strength
in aluminium. However, despite of the advancements in alloy formulations Al alloys do not surpass conventional steel alloys in
applications where wear is a significant and detrimental factor. Wear can be of adhesive, abrasive, surface fatigue, fretting and
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of erosive type. Of these, adhesive wear is the most prominent mechanism that is responsible for decommissioning of
components made from Al alloys. Adhesive wear refers to the selective deformation and separation of surface and near surface
softer material due to plastic displacement. In adhesive wear, the interacting surfaces involved experience friction leading to
localized heat generation and subsequently fragmentation under mechanical action. Based on the surface characteristics
observed, abrasive wear may be characterized as ploughing, cutting, wedge formation, micro-crack and fatigue type. The
factors that contribute to acceleration of wear are load applied, speed, presence of hard phases between the interacting
surfaces and duration of wear study.

The most commonly used Aluminium alloy owing to its castability is the aluminium silicon alloy. In particular the
hypereutectic alloy that contains more than 12% Si possesses superior wear resistance. Other alloying elements that are
commonly added to Al include copper, magnesium, zinc, nickel, iron etc. The wear behavior of Si is governed by the amount,
size, distribution and shape of the silicon [1]. Study on wear behavior of Al-Si alloys showed ambiguous results with some
reporting increased wear behavior while others have showed no marked influence of Si content on wear [2, 3, 4]. A threshold
load beyond 2 kg and a sliding velocity below 2 m/s was shown to accelerate wear in the case of Al-10% Si- 2.4% Cu alloy. The
specific wear rate was found to be higher for pure Al compared to the Al-Si-Cu when tested under higher sliding speed and
reduced load. These findings further indicate that high speed and low loads are preferred over low speeds and high loads for
minimizing material loss under sliding conditions [5]. It is well known that the rate of wear reduces with increase in the
hardness of a material. The hardness of the Aluminium alloys can be increased to a limiting extent by precipitation hardening
heat treatment as most of the alloying additions have limited solid solubilities (0.5 to 1 wt. %) in aluminium. The effect of Cr
and Ni on the wear resistance of Al-2% Si showed that addition of 4% Cr and 2% Ni increased the hardness of the Al-Si alloy
and increased the resistance to wear under both dry and lubrication conditions [6]. An excellent review on the effects of Si in Al
alloys and the unclear effect of morphological features of Si influencing wear properties is presented by Shebal et. al [7]. A more
prospective method to increase the hardness is by using dispersants which lead to the development of metal matrix
composites.

3. METAL MATRIX COMPOSITES
3.1 Conventional Composites

MMC'’s are formulated by the addition of reinforcements into a softer matrix phase. These composites can be tailored with
the required concentration of hard phases to obtain the desired mechanical properties. Efforts have been made in the past to
increase the lubricity of Al composites by the addition of graphite, and molybdenum disulfide along with hard reinforcements
such as boron carbide. Mechanical members such as crank-shafts, brake drums, cylinder liners are presently utilized and are
made from particulate reinforced composite material with Al as their matrix phase.

An investigation on the effect of size and concentration of SiC used as a particulate reinforcement in Al hybrid MMC was
performed. The study showed improved wear resistance with higher hardness for the smaller sized reinforcements at
increased concentration was observed. A highest hardness of 86.6 BHN for the 10um sized SiC at 15 wt. % was seen and was
reported to be the best alloy that withstood wear at the highest sliding speed and distance [3]. To provide lubricity during wear
test MoS; was added to Al6061 alloy. The pin-on-disk wear test results showed increased wear volume and accelerated wear
occurring beyond the sliding distance of 200 m and at a load of 10 N which intensifies with sliding speed [4]. Al/Al,03/Gr
hybrid composites showed reduced wear with increased sliding speed and increased Al,03 content ata constant concentration
of Gr. The reduction in the wear rate was attributed to the formation of an oxide film which inhibited direct contact between
the sliding surfaces [5]. The wear behavior of A17075 composites were assessed as a function of TiB» concentration, applied
load, and speed. Al 7075 alloy exhibited higher wear loss compared with the composites of Al 7075. The wear rate showed
reduction in its magnitude with increased amount of TiB; reinforcement. The behavior of the wear rate with sliding speed was
found to be akin to that of the TiB; additions. The wear rate showed up to 18% reduction at 3 Kgs of load at speeds ranging
between 200 to 400 rpm for the 15% TiB, compared to that of the 5% composite [8]. The COF and wear rate were independent
of the sliding speed (600 to 1500 rpm) for the Al-2% Li composite at 1kgload. Deviations with respect of speed were observed
when the load was increased between 1.5 to 2 kg. Addition of SizN4 caused increased wear rate while addition of Li to the
Al/Si3N4 composite provided higher wear resistance compared to Al/SizN4. Further, the specific wear rate was found to be
nearly constant for the Al/SizN4/Li composite at applied loads of 1.5 and 2 Kgs for a given speed under consideration [9].
Reduced weightloss (20% less) occurred in the Al/15%B4C compared to Al/5% MoS; under identical test conditions above 2
m/s of sliding speed [10]. A reduction of about 45% in the wear rate was found for a fivefold increase in the volume fraction of
SiC, garnet and ZrSiO4 (particle size of about 105um) added to LM25 alloy. SiC showed the highest wear resistance which was
found to increase with increasing particle size due to the increased agglomeration of the reinforcements at reduced size [11].
Hybrid composites prepared by dispersing fly ash and SiC into Al 7075 alloy showed reduced experimental density compared
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to those obtained by using the density calculations via rule of mixtures due to porosity. The ultimate tensile strength of the
composites was comparable while the modulus of elasticity of the 10% Si-10% fly ash was the highest (80 GPa) and showed the
highest wear resistance [12].

The morphology of the reinforcements, their amount, distribution and stability in the matrix affects the wear resistance.
Smaller the reinforcement size with increased concentration and uniform distribution in the matrix has reduced the extent of
wear. Conventional micro and millimeter sized reinforcements enhance wear resistance up to a certain limit beyond which due
to their size limitation they do not markedly increase wear resistance performance. This shortfall due to the size of the
reinforcements is dealt with by utilizing nanomaterials instead of the micro and millimeter sized reinforcements and the
composites thus formed are termed nanocomposites.

3.2 Nanocomposites

Pin-on-disk wear test of SiC nanoparticles (SiCn) used in A356 alloy showed a four-fold reduction in material loss compared
to the base alloy at the highest load of 9 kg used during experiments conducted at 2.5 m/s. The behavior of friction coefficient
with increased distance and load showed a near constant and reduced value with increased fraction of SiCn [13]. Comparison of
wear behavior between micro and nanocomposite of SiC reinforcements added to an Al matrix comprising of high magnesium
content and low concentration of Fe-Zn-Si showed no significant effect of applied load on wear behavior of 2% SiCn
nanocomposite (Fig. 1). Significant reduction of over 38% is seen from the data on material loss for the 2% SiCn compared to
the base alloy. Animprovement of over 36% in wear resistance was obtained at 120 min, 30N for the 2% SiCn compared to the
5% micro SiC under similar test conditions, Chart -1 [14].
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Chart -1: Wear behavior of micro and nano SiC under various loads and test duration [14].

The examined mechanical properties of Al 0.1 wt. % GrO nanocomposite by hot isotactic pressing and extrusion showed
reduced tensile and hardness values. This was attributed to the formation of AIC4 intermetallic due to increased defect density
in graphene oxide [15]. Wear results under dry and wet conditions for 1% and 1.5% Graphene in pure aluminium matrix
showed remarkably contrasting behavior. The wet sliding (SAE 20 W 50 oil) conditions increased wear rate for the 1% over the
dry sliding condition while wear rate was reduced for the 1.5% composite under wet condition compared to that of the dry
condition when the applied load was increased from 15 to 60 N. A combination of oxidation, hardness, agglomeration, and
adhesion and abrasion phenomenon could be the reason for such an anomaly [16]. Hardness measurements of AA 2024- 2%
SiC-1.5 % h-boron nitride hybrid nanocomposites was 38% higher than 2024 base alloy and was the highest amongst the
hybrid composites used. Further, the wear resistance of this material was superior compared to the base alloy and other
nanocomposites at temperatures ranging from 30°C to 300°C. Moreover, up to 100°C the applied load had insignificant effect
on the wear rate. However, there is a three time increase in the wear rate for this composite when tested at 300°C compared to
that observed at 30 °C [17]. Optical profilometer measurements for the Al/10 vol. %Al,03/0.25 wt. % GrO hybrid nanoparticles
showed narrowest width of deep wear track region compared to the base and 0.5 and 1 wt. % GrO hybrid composite. The
superiority of this composite was further validated by the specific wear data that showed the least value for the 0.25 wt. %
GrO. Highest oxygen content of 46% was detected on the surface of Al/10 vol. %Al,03/0.25 wt. %GrO subjected to wear [18].
Addition of flat faced irregular shaped ZrO; of 26 nm size to Al reduced wear by 44% due to the presence of oxides that
provided a hard surface and pinned the grains of Al [19]. The wear resistance and friction coefficient results were in agreement
for the compressed and sintered aggregate mixture of Al-Si and SiC (10 wt. %) particles with deposited reduced graphite oxide
Nano sheets (0.3, 0.5 and 0.7 wt. %). Highest hardness of 73 HVN was reported for the 0.3% Nano sheets. The hardness
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measurements for the other 2 concentrations were about 60 HVN. These readings were approximately 5 HVN higher than that
for the 0 % Nano sheet hybrid composite. Highest wear resistance was exhibited by the 0.5% Nano sheet hybrid at loads
ranging from 1 to 3.5 N [20]. Equal concentrations (2.5 wt. %) of TiO2 and CuO each added to Al matrix showed comparative
hardness to that of the 0.3% Nano sheet composite mentioned above. The research showed that the TiO; particles were more
effective in mitigating the extent of wear compared to that of CuO [21].

4. CONCLUSIONS

Low-cost, light-weight materials with great strength are required in modern products. This paper discusses the relevance of
aluminium alloys, as well as the results of wear tests and the variables that influence the experimental evaluation of wear
characteristics. It is claimed that including two different reinforcements in small amounts in hybrid composites is preferable
than increasing the single reinforcement and improving the materials' wear resistance. Addition of hard reinforcement
particles in the metal matrix has enhanced the tribological performance of the composites. With an increase in the volume
percentage of reinforcing elements, the coefficient of friction and weight loss of metal matrix composites reduced. By addition
of nano composites to the AMMC'’s the wear resistance can be significantly improved as compared to that to micro and sub-
micro particulate as reinforcement. This is due to the better dispersion caused while fusing it with Aluminium. Further, use of
graphene as nanocomposites has shown anomalous behavior under various test conditions. Nanocomposites had lower wear
rates than unreinforced aluminium, demonstrating that nanocomposites show major improvement in mechanical properties
compared to that of MMC. Therefore, reinforced aluminium matrix nano composites have strong potential to be a substitute to
aluminium alloy counterparts in terms of hardness, strength, frictional and wear behavior.
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