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Abstract: The microstructure, mechanical properties, and the effects of sliding distance and material removal
mechanism on two-body abrasive wear behaviour of hypereutectic Al-Si—SiC composite and its matrix alloy were
investigated. The hypereutectic Al-Si—SiC composite was prepared by stir casting route. The hardness, ultimate tensile
strength and yield strength of the composite are increased by 17%, 38%, and 30% respectively compared with those of
the matrix alloy, while the elongation of the composite is decreased by 48% compared with that of the matrix alloy. The
wear rate of the materials is increased with increasing the abrasive size and the applied load and does not vary with the
sliding distance. The wear surfaces and wear debris of the materials were characterized by high-resolution field
emission scanning electron microscopy (HR FESEM) and wear mechanism was analyzed for low and high load

regimes.
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1 Introduction

A high percentage of silicon-containing
aluminium alloys has been utilized in a wide range
of fields including automobile, defence and
aerospace as a result of its properties like high
thermal stability and low thermal expansion
coefficient. The Al-Si alloys are immensely used
for tribological applications, because of their
process flexibility, low density and excellent
formability [1-9]. The AIl-Si alloys (containing
hard Si particles dispersed with soft Al matrix) offer
high strength, hardness and wear resistance
compared with other alloys.

Some researchers [10—18] have been studied
in different facets of Al-Si alloy and composite.
SAWLA and DAS [10] found that the applied load
of cast alloy decreased with an increase in wear

constant (K). The cast Al-Si alloy exhibits higher
wear constant than the heat-treated alloy. DAS
et al [11] observed that the AI-SiC composite has
higher wear resistance in comparison with Al-Si
matrix alloy in both as-cast and heat-treated
conditions, irrespective of applied load and abrasive
size. RAAFT et al [12] found that the A390—Al,0;
composite has higher wear resistance in comparison
with the matrix alloy and A390-Gr composite.
MONDAL and DAS [13] found that the
ADCI12-SiC composite has better wear resistance
than its matrix alloy due to the addition of SiC
particles. The wear rate increases with the increase
of the applied load and does not vary with the
abrasive size. SHAH et al [14] noted that the ageing
temperature increased with an increase in the wear
resistance. The hypereutectic Al-16%Si alloy has
higher wear resistance compared with the eutectic
Al-8%Si and hypoeutectic Al-12%Si alloys under
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similar conditions. SINGH et al [15] investigated
the wear rate of an LM6 base alloy and sillimanite
particle composite, which is enhanced by increasing
the abrasive size, under an applied load with a
reduced sliding distance. GODE et al [16]
concluded that the Al-Si/5%SiC composite has
lower dry sliding wear loss than its matrix alloy.
LIN et al [17] found that the dry sliding wear rate of
the Al-17Si alloy produced by rheocasting is lower
than that of the conventionally produced alloy for
the same applied load. In an applied load range of
50—200 N, wear rate of rheocast alloy increases.
The combined action of oxidation and adhesion
wear is responsible for the wear mechanism for the
higher applied load. LI et al [18] found that
hardness, ultimate tensile strength, elongation and
wear resistance of the hypereutectic Al-Si alloy
produced by the squeeze casting were higher than
those of the alloy produced by gravity casting
because of uniform dispersion of Si phase. From the
literature survey, it is noted that most of the studies
have mainly focused on processing and sliding wear
response for hypereutectic Al-Si alloy, while no
research work has been done on the correlation
among microstructure, mechanical properties and
abrasive wear behaviour of hypereutectic Al-Si
alloy and its composite.

In the view of above, the aim of the present
research was to study the microstructure,
mechanical properties, the effects of sliding
distance and material removal mechanism on
two-body abrasive wear response of hypereutectic
LM30-SiC composite and its matrix alloy.
Additionally, the fracture surface, wear surfaces,
and the wear debris were also examined through
FESEM.

2 Experimental

2.1 Materials preparation

The hypereutectic Al-Si (BS: LM30) alloy and
LM30-SiC, composite were chosen in the present
work. An optical emission spectrometer (SPECTRO
MAXx LMFO05, SPECTRO, Germany) was used for
the verification of the chemical composition of the
alloy and composite. The chemical compositions of
the alloy and composite are shown in Table 1. The
synthesis process of Al alloys was melting of
aluminium at 850 °C, mixing silicon and another
alloying element to form LM30 alloy, stirring and

degassing, and finally casting into a permanent die.
The composite was reinforced with 10 wt.% SiC
particles with a size of 20—40 um (Grindwell
Norton Ltd., Bangalore, India). The LM30-SiC,
composite was prepared by stir casting route, and
the process was melting the aluminium alloy at
850 °C, stirring the melt through a mechanical
stirrer, adding dispersoids in the melt and finally
casting into a permanent cast iron die.

Table 1 Chemical compositions of specimens
Content/wt.%

Specimen - —
Si Mn Mg Cu Fe Ni SiC Al
LM30 matri
A 17503 06 45 1 01 - Bal
alloy
LM30-10wt.%SiC
17503 0.6 45 1 0.1 10 Bal

composite

2.2 Particle size analysis

SiC particle size analysis in as-received
conditions was carried out by Maser Swizer S
(version 21.5) analyzer (Malvern Instruments
Limited, Enigma Business Park, Grovewood Road,
UK). Laser technology was used in this analyzer,
which was also known as a laser diffraction
technique. The result was expressed in terms of the
size range of particles and percentage frequency of
particles.

2.3 Density and hardness measurement

The density of the alloy and composite was
measured by using the Archimedes principle of
water displacement method. The hardness of alloy
and composite was measured by a Vickers hardness
testing machine (VM 50, FIE Pvt. Ltd,
Maharashtra, India). The specimen was polished
metallographically and made perfectly parallel on
the opposite side before hardness measurement. The
Vickers hardness of the sample was obtained by
using a diamond pyramid indenter with an applied
load of 300 N at a dwell time of 5 s. Ten hardness
readings were taken, and an average value was
reported.

2.4 Tensile tests

Tension tests were conducted on specimens
with 10 mm in diameter and 50 mm in gauge length
as per IS 1608. The experiments were performed at
room temperature using a computerized tension-
testing machine with a capacity of 300 kN (5586,
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Instron, Norwood, MA, USA). A strain rate of
0.01 s' was used. The ultimate tensile strength,
0.2% proof stress (yield strength) values and
elongation were recorded.

2.5 Two-body abrasive wear test

The two-body abrasive wear tests were
performed on a Suga abrasion tester (NUSI, Suga
Test Instruments Co., Ltd., Shinjuku-ku, Tokyo,
Japan). A self-adhesive silicon carbide abrasive
paper of different sizes was cut into the appropriate
size and bonded with a rotating wheel (width:
10 mm; diameter: 50 mm) to act as the abrasive
medium. The dimensions of rectangular specimens
were 40 mm % 35 mm x 5 mm. The mass loss of the
sample was measured after every 400 cycles
(corresponding sliding distance: 27 m). After every
400 cycles, the fresh abrasive paper was used so
that the wear track was always subjected to fresh
abrasive [19]. Before and after the wear tests, the
specimens were cleaned with acetone and weighed
with a microbalance. The mass loss values were
converted into volume loss values, which were used
for the wear rate calculations. The wear rate was
expressed in terms of the volume loss per unit
sliding distance. For each condition, the tests were
performed three times, and the average value was
taken. The wear tests were conducted at a sliding

| SiC particle |-

Risvhr - o

distance from 27 to 108 m, a self-adhesive silicon
carbide abrasive paper size of 40—80 um and an
applied load of 1-7 N.

2.6 Microstructural observation

To study the microstructures, specimens were
polished with the standard metallographic practice
and then etched by Keller’s reagent. The etched
specimens were examined using a high-resolution
field emission scanning electron microscope (Ultra
Plus, Carl Zeiss Microscopy GmbH, Oberkochen,
Germany) operating at 20 kV. The specimens were
sputtered with the gold coating before high-
resolution field emission scanning electron
microscopy (HR FESEM). The fracture surface,
wear surface and debris particles were also studied
by HR FESEM.

3 Results

3.1 Microstructure

The morphology of the particles was examined
through scanning electron microscope (5600, JEOL
Ltd., Akishima, Tokyo, Japan), as shown in
Fig. 1(a). It shows the nature of equiaxed particles
with sharp edges. The microstructure of matrix
alloy mainly consists of primary aluminium,
eutectic silicon, and primary silicon particles. It has

SiC particle
- o
A

|
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Fig. 1 Morphology of SiC reinforcement (a), higher magnification microstructures of LM 30 alloy (b) and LM30—

10%SiC composite (c), and micrograph showing interfacial bonding between SiC particle and metallic matrix (d)
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been found that the eutectic silicon appeared as
coarse needle-shape and dispersed with primary
silicon cuboids, as shown in Fig. 1(b). Figure 1(c)
shows the microstructure of LM30-10%SiC
composite, which exhibits uniform dispersion of
SiC particles in an aluminium matrix. Figure 1(d)
shows a typical micrograph of the interface
depicting the excellent bonding strength between
the SiC particles and aluminium matrix.

3.2 Particles size distribution

The size range of silicon carbide particles was
represented by the histogram and is shown in Fig. 2.
It depicts that 23% particles are in size range of
2025 pm, 55% particles are in size range of
25-30 um, 14% particles are in size range of
30-35 um and 8% particles are in size range of
3540 ym. It is evident from Fig. 2 that the
maximum distribution of SiC particles (55%) was
obtained in the size range of 25-30 pum.

60

Frequency/%

20-25 25-30 30-35
Size range of SiC particles/um

35-40
Fig. 2 Particle size distribution of SiC particles

3.3 Density and hardness

Table 2 shows the densities and hardnesses of
the matrix alloy and composite. The densities of
LM30 alloy and LM30-10%SiC composite were
recorded to be 2.71 and 2.8 g/cm’, respectively. The
silicon carbide has a higher density than the
aluminium alloys. For this reason, the density of the

Table 2 Physical and mechanical properties of specimens

composite is higher than that of matrix alloys. The
hardness of the composite is 17% greater than that
of the matrix alloy, as a result of adding SiC, to the
matrix.

3.4 Tensile properties

The ultimate tensile strength (UTS), yield
strength (YS) and elongation of the matrix alloy
and composite are also shown in Table 2. The UTS
and YS of the composite are 38% and 30% greater
than those of the matrix alloy, respectively. The
elongation of the composite is 48% less than that of
the matrix alloy.

3.5 Two-body abrasive wear

Figure 3 shows the abrasive wear rate of the
materials as a function of sliding distance at
different abrasive sizes. The wear rate of LM30—
10%SiC composite is compared with that of LM 30
alloy in terms of the sliding distance. Figure 3(a)
shows that, at a abrasive size of 40 um, an applied
load of 1 N and a sliding distance of 27 m, the wear
rates of LM30 alloy and LM30—10%SiC composite
are 4.5x107"" and 1.6x10""" m’/m, respectively. For
a sliding distance of 108 m, the wear rates of LM30
alloy and LM30—10%SiC composite are 5.19x10 "
and 1.36x10"" m’/m, respectively. The wear rates
decrease to around 64.44% and 73.8% at sliding
distances of 27 and 108 m, respectively. In the case
of abrasive size of 40 um, applied load of 7 N and
sliding distance of 27 m, the wear rates of LM30
alloy and LM30—10%SiC composite are 18.7x107"
and 6.7x10"" m*/m, respectively. At a sliding
distance of 108 m, the wear rates of LM30 alloy
and LM30—10%SiC composite are 19.31x10""" and
7.10x10"" m’/m, respectively. The wear rates
decrease to around 64.17% and 63.23% for sliding
distances of 27 and 108 m, respectively.

Figure 3(b) shows that at an abrasive size of
65 um, an applied load of 1 N and a sliding distance
of 27 m, the wear rates of LM30 alloy and
LM30-10%SiC composite are 5.4x107'" and

Specimen Density/(g-cm ) Hardness (HV) UTS/MPa YS/MPa Elongation/%
LM30 matrix 271 126 210 185 1.8
alloy
— 0, 1
LM30-10%SiC 28 147 290 240 0.95

composite
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Fig. 3 Wear rate as function of sliding distance at
different abrasive sizes of 40 um (a), 65 um (b) and
80 um (c)

2.36x107"" m’/m, respectively. At a sliding distance
of 108 m, the wear rates of LM30 alloy and
LM30-10%SiC composite are 6.94x107"" and
2.37x10"" m*/m, respectively. The wear rates
decrease to around 56.3% and 65.85% at sliding
distances of 27 and 108 m, respectively. While in
the case of an abrasive size of 65 pum, an applied
load of 7 N, and a sliding distance of 27 m, the

wear rates of LM30 alloy and LM30-10%SiC
composite are 24.4x107"" and 10.8x 10" m’/m,
respectively. At a sliding distance of 108 m, the
wear rates of LM30 alloy and LM30-10%SiC
composite are 23.4x107"" and 11.1x107"" m’/m,
respectively. The wear rates decrease to around
55.74% and 52.56% at sliding distances of 27 and
108 m, respectively.

Figure 3(c) shows that at an abrasive size of
80 um, an applied load of 1 N and a sliding distance
of 27 m, the wear rates of matrix alloy and
composite are 7.56x10"" and 3.5x107"" m’/m,
respectively. At a sliding distance of 108 m, the
wear rates of LM30 alloy and LM30-10%SiC
composite are 8.91x107"" and 3.53x107"" m’/m,
respectively. The wear rates decrease to around
53.7% and 60.38% at sliding distances of 27 and
108 m, respectively. In the case of an abrasive size
of 80 um, an applied load of 7 N, and a sliding
distance of 27 m, the wear rates of matrix alloy and
composite are 26.7x10""" and 16.2x107"" m’/m,
respectively. At a sliding distancees 108 m, the wear
rates of LM30 alloy and LM30—-10%SiC composite
was 27.18x107"" and 17.7x107"" m*/m, respectively.
The wear rates decrease around 39.33% and
34.88% for sliding distances of 27 and 108 m,
respectively.

4 Discussion

4.1 Microstructure

The microstructure of the LM30 alloy features
aluminium dendrites and eutectic silicon in the
interdendritic region and around the dendrites. The
eutectic silicon, which is needle-shaped, grows
isotropically as a result of a twin-plane re-entrant
edge (TPRE) mechanism. The silicon needles grow
straight for some distances and then turn through a
large angle by multiple entwining and then
branching off to form a coarse-faceted shape. The
sharp edges of the eutectic silicon act to increase
the stress such that cracks nucleate easily at the
edges of the silicon. The distribution of the
reinforcement in a metallic matrix depends on the
wettability between the matrix and ceramic phase
and the difference between the densities of the
metallic matrix and ceramic phase. If the density
differences are higher, there will be a tendency for
the reinforcing particles to either settle down or
float.
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In the case of Al-Si composite, the density of
aluminium is 2.70 g/cm’; whereas the density of
SiC particulate is 3.4 g/cm’. As the SiC particle is
denser than the aluminium melt, there is a tendency
for SiC particle to settle down during the
solidification. Thus, to achieve uniform dispersion
of SiC particle in aluminium alloy matrix, the
composite melt is to be solidified as fast as possible
so that the particles do not get enough time to settle
down. In the present investigation, the cross-
section of the casting (along with the length) and
the distribution of the particle from top to bottom
are observed to be quite uniform. During
solidification of the Al—Si—SiC composite, the SiC
particles are pushed by the primary aluminium
dendrites to the last freezing eutectic liquid. The
primary Al phases, the SiC particle in the last
freezing eutectic liquid and therefore the particles
are observed in the inter-dendritic regions and
around the dendrites. So, eutectic silicon is always
found around the SiC particles. During eutectic
solidification, eutectic silicon may nucleate first at
the SiC/melt interface.

4.2 Fracture surface

Figures 4(a, b) show the tensile fracture
morphologies of the matrix alloy and composite,
respectively. The fracture of the silicon occurs in a
brittle mode having no or negligible plastic
deformation (i.e., only low specific surface energy
is required to produce a new fracture surface);
whereas aluminium fractures in the ductile mode
because there is a significant amount of plastic
deformation (i.e., requiring high specific surface
energy to produce a new fracture surface). Fracture
surface studies of the Al-Si alloys reveal brittle
fracture consisting of trans-granular cleavage facets
(which fracture through the grains/silicon particles),
as shown in Fig. 4(a). The primary silicon particles
are responsible for crack initiation and propagation.
On the other hand, Fig. 4(b) indicates that the
fracture surface of the composite is composed of a
significant amount of cleavage fracture and only a

few microcracks (denoted by the circle in Fig. 4(b)).

It also reveals the formation of cavities resulting
from the SiC particles being pulled out from the
matrix during tensile loading, with the SiC particles
fracturing due to the excellent interfacial bonding
between the SiC particles and the Al matrix. The
fracture surface of the composite exhibits a river

line pattern (denoted by “4” in Fig. 4(b)), the
direction of which is towards the origin of the crack.
As a result, the AI-Si alloy exhibits superior
ductility (that is, toughness), relative to that of the
composite.

Fig. 4 Tensile fracture morphologies of LM30 matrix
alloy (a) and LM30-10%SiC composite (b)

4.3 Effect of sliding distance on two-body

abrasive wear

For a composite, the wear rate does not follow
any specific relation with sliding distance. Figure 3
shows that the wear rate does not obviously vary
with the sliding distance. The composite material is
significantly harder, and the SiC particles of the
composite strongly protect the softer matrix,
especially at a lower applied load. The penetration
depth is considerably low for lower applied load,
and the surface topography does not vary with an
increase in the sliding distance. Thus, the wear rate
of composite remains almost constant with sliding
distance, especially in low load condition. When the
load increases, the penetration depth of the
abrasives on the specimen surface is increased. As
the sliding distance increases, the abrasives
penetrate more deeply into the region. Therefore,
due to the higher penetration depth, wider grooves
are produced and the possibility of debonding of
particles increases. At the same time, the chances of
fracture and fragmentation of the hard dispersoids
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and the flaky materials along the wear tracks
increase with an increase in sliding distance. Wear
is associated with the surface-to-surface contact and
ability of the asperities of the counter surface (in
this case abrasive particles) to penetrate into the
specimen surface and scratching under load.
Initially, the asperity-to-asperity contact is less, so
the work hardening is also less. Thus, the applied
load is shared by less number of asperities of the
specimen as well as the counter surface.
Consequently, for a given applied load, each of the
asperities is subjected to the higher stress level,
causing more considerable damage to the specimen
surface. However, at the same time, some abrasives
coming in contact with the specimen are also less.
As a result, wear groove formation is also less. With
the increase in sliding distance, asperity-to-asperity
contact becomes more efficient, which may lead to
higher wear rate by removing more materials. After
a specific sliding distance, asperity (of the specimen)
to abrasive (of the abrasive medium) contact
reaches the most efficient regime, and it does not
change further with increasing sliding distance.
However, the work hardening may improve further
with sliding distance because of a higher degree of
deformation. Surface cracks are also generated in
longitudinal and transverse directions, which in due
course cause significant damage to the wear surface.
This leads to higher wear rate which may nullify the

effect of work hardening of wear surface. As a
result, the wear rate throughout the entire range of
sliding distance remains more or less same when
one uses fresh abrasive every time.

4.4 Material removal mechanism during two-

body abrasive wear

In the abrasive wear, soft material of alloy and
composite is scratched by abrasive paper embedded
with SiC particle. Hard SiC particle which is
embedded in the paper penetrates into the soft
matrix. During reciprocating motion, the soft
material undergoes ploughing as well as
microcracking action. In the case of an alloy,
silicon is a hard phase embedded in the aluminium
matrix observed as coarse faceted shaped particles
which tend to fracture into smaller equiaxed shaped
During the process, continuous
scratching (abrasion action) forms a mixed layer of
aluminium and fractures Si particles which are seen
in Figs. 5(a, b) during the abrasive wear process due
to the applied load. Crack is initiated at the Al/Si
interface because of higher stress concentration and
propagates at the interface between the less-
deformed material and the mixed layer. Abrasive
wear takes place in several simultaneous stages.
Firstly, the coarse faceted shaped hypereutectic
silicon in which the crack nucleated at the Al/Si
interface grew transversely and longitudinally along

ones. wear

Fig. 5 Wear surfaces of LM30 matrix alloy and LM30—10%SiC composite at sliding distance of 108 m: (a, b) Applied
load of 1 N and abrasive size 40 um; (c, d) Applied load of 7 N and abrasive size of 80 pm
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with the interface of the less-deformed and mixed
layer which finally interconnected together in the
aluminium matrix; secondly, the hypereutectic
silicon was distributed in Al matrix. The near shape
of silicon particle considerably reduces the stress
concentration effect and vis-a-vis crack nucleation.
In the case of composite, the dispersed SiC particles
which are embedded in the Al matrix, improve the
wear resistance by protruding the particles on the
wear surface. Such particles resist further wear of
the material. However, during
reciprocating motion, the stress developed at the
interface of SiC particle and Al matrix is more, and
ultimately there is every possibility that cracks
nucleate and propagate, and join with the crack
generated around the other particle. Such a situation
results in a surface consisting of highly deformed
Al-Si mixed layer, on which SiC particles are
embedded. It also appears that during the
continuous scratching, the stress developed in SiC
particles leads to breaking at the edges of the
particle. It is conceivable that during abrasive wear
at the low load, the stress applied to the particle is
less, and the possibility of fracturing of particles is
negligible, and only the edges of the particles
usually break. There is specific material removal
mechanism during abrasive wear of composite in
low load regime. At the initial stage of abrasive
wear, the soft aluminium is just worn out, leaving
behind the SiC particles. This result is in protrusion
of SiC particles on the mating surface. During the
continuous abrasion, highly deformed Al-SiC
mixed layer is formed, and at the same time, the
high cyclic stress is developed at the interface of
SiC particle and Al matrix, which leads to crack
initiation especially the boundary between the
mixed layer (severely deformed layer and
less-deformed layer) and propagation preferentially
in the longitudinal direction. The crack nucleation
mainly depends upon the strength of the interface
between SiC particle and Al matrix (if any
intermetallic phases are formed). However, in the
present observation, there is no evidence of
formation of intermetallic phase at the interface.
Hence, the crack nucleation solely depends upon
the interface bonding between Al and SiC, which is
essential of the mechanical type. Then, crack
propagates along the boundary of the mixed layer
and less-deformed layer, finally joining with each
other and causing fragmentation of SiC particles

continuous

and matrix. It may be noted that in low load regime,
the SiC particles do not fracture and remain intact
in the mixed layer, leading to considerable
improvement in wear
unreinforced alloy. However, in high load regime,
there are probabilities of cracking and fracturing of
particles, and there is again a perfect material
removal mechanism developing in SiC particles,
which leads to breaking at the edges of the particles.
Material removal mechanism during abrasive wear
of composite in high load regime is that the
distribution of SiC particles and crack initiation and
growth on the particle are due to high-stress
accumulation. Then, there is the removal of the
broken particle, and there is fragmentation of SiC
particles into smaller sizes and subsequent removal.
Such SiC particle fragmentation depends on the
stress level, rather than cycles and abrasive size. It
would be observed that the interface of SiC particle
and Al matrix gets plastically deformed because of
plastic inconsistency between the matrix and SiC
particle. Thus, a plastic environment is developed
near the particles, which increases the development
of cracks along the interface of SiC particle and Al
matrix. At higher applied load and coarser abrasive
size, the penetration depth is more as shown in
Fig. 5(c). The matrix material gets deformed due to
rubbing action and is spread over the SiC particles.
As a result, protruded SiC particles are not observed
on the wear surface. Because of reciprocating
motion and plastic inconsistency between SiC
particle and Al matrix, the thin layer of matrix
material over the SiC particles gets removed after a
prolonged sliding distance, and a situation takes
place when the SiC particles are exposed as
protruded particles over the specimen surface. As a
result of fatigue type of deformation, debonding
and fracture of SiC may take place. For higher
applied load and coarser size of abrasive, the
material is removed due to cutting, ploughing and
micro-fatigue cracking, as shown in Fig. 5(d).
Consequently, the SiC particles are exposed in the
initial stage. After a prolonged sliding distance,
these particles are fragmented and scooped off from
the wear surface. The cycles of the covering of SiC
particles with matrix material, the matrix material
removal from the surface of SiC particles and
fracturing and removal of the SiC particles continue
during abrasive wear of composite [20]. It may be
concluded from the present investigation that the

resistance over the
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two-body abrasive wear of composite mainly relies
on the applied load and abrasive size. In low load
regime, a mixed layer of Al, Si and SiC is formed,
which in turn gets detached from the wear surface
during the wear process. SiC particles are found to
be intact in the mixed layer without fracturing.
However, in high load regime, the SiC particles in
the matrix are cracked due to the concentric load
applied to the particles. In addition to the formation

of the mixed layer, cracking of particles is observed.

The present work demonstrates two distinct
mechanisms of material removal based on the
applied load, during abrasive wear of AI-Si—SiC
composite. In low load condition, the formation of
the mixed layer is the predominant mechanism, and
in high load regime, particle fracturing is the
dominating factor to control the wear of materials.
Larger abrasive size particles (larger than the size of
reinforcement) either scoop off the reinforcement or
fracture.

4.5 Wear debris analysis

The wear debris of the matrix alloy and
composite was examined by FESEM in an attempt
to determine the mechanism of material removal in
the abrasive wear process. FESEM images of the
debris of matrix alloy and composite at an abrasive
size of 80 um and an applied load of 7 N are shown
in Figs. 6(a, b), respectively. The penetration depth
of the abrasive particles on the specimen surface
depends on the attack angle (rake angle) of the
cutting edge [21], the degree of contact stress [22],
the hardness of material surface [22], and the
abrasive size [21,22]. The penetration depth
increases with the increase in the rake angle,
abrasive size and applied load (Fig. 3), and also
increases the increase of the wear rate while
decreases with an increase in hardness of specimen
surface. Due to these facts, for the coarser abrasive
size and higher applied load, matrix alloy and
composite sustain higher wear rates as shown in
Fig. 3(c), as well as longer and wider flakes, as
shown in Fig. 6. For the alloy, the majority of the
wear debris particles are found to be deformed
machining chips and flakes. In the case of the
composite, the wear debris consisted of flakes and
machining chips, along with the fragmented
particles [23]. The debris became coarser with an
increase in the size of abrasives and the applied
load [24]. The formation of flakes depends upon the

microplouhing and micro-cutting process. The
formation of larger debris size, longer machining
chips and deformed flakes in the wear debris of the
alloys could be a result of the higher ductility of the
alloy than the composite [21,25,26], as shown in
Fig. 6. Less wear surface damage, finer debris
formation and more capping, clogging, and attrition
of the abrasive led to a lower wear rate and vice
versa [23].

Fig. 6 FESEM images for wear debris of LA30 matrix
alloy (a) and LA30—-10%SiC composite (b) at abrasive
size of 80 pm and applied load of 7 N

5 Conclusions

(1) The microstructure of LM30 alloy shows
primary aluminium dendritic morphology, primary
silicon cuboids, and eutectic silicons observed as
needle-shape, grow isotropically as a result of a
twin-plane re-entrant edge (TPRE) mechanism.

(2) The microstructure of the composite
exhibits a uniform dispersion of SiC particles and
excellent interfacial bonding between the SiC
particles and the matrix.

(3) The hardness of the composite is 17%
greater than that of the matrix alloy, as a result of
adding SiC particles to the matrix.

(4) The ultimate tensile strength (UTS) and
yield strength (YS) of the composite are found to be
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38% and 30% greater than those of the matrix alloy,
respectively, and the elongation of the composite is
48% less than that of the matrix alloy. This may be
due to the occurrence of a uniform dispersion of
SiC particles and excellent interfacial bonding
between the SiC particles and the matrix.

(5) The wear rate increases with applied load
and abrasive size and does not vary with the sliding
distance.

(6) The cutting, ploughing and delamination
wear are the dominant wear mechanism in low load
regime, and in high load regime, fragmentation,
microcracking, micro fatigue and fracturing
tendency are the dominant wear mechanism.
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