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The current research is concerned with the production of an LM25-FE3O4—Gr metal matrix hybrid composites (MMHCs) and
the analysis of its dry sliding wear conditions. The hybrid composites were made out of 3 wt% Fe3O4 and 4wt% Gr particles with
a mesh size of 200 meshes and were made using the stir casting method. Wear test on Taguchi’s L9 orthogonal arrays employs
three process parameters: load, sliding velocity, and distance, each changed for three levels on a pin-on-disc tester position.
The wear behavior of hybrid composite was investigated using loads of 20N, 40N, and 60N; velocities of 2m/s, 4m/s, and
6m/s; and distances of 1,000m, 2,000m, and 3,000m. The major parameters were developed utilizing the signal-to-noise ratio
by selecting “smaller-is-better” wear rates and COF features. FESEM was used to look at the worn surfaces of the composite
specimen in order to determine the wear mechanism. Wear properties are enhanced in materials having aluminium hybrid
metal matrix composites. According to the ANOVA table, the load parameter has the greatest impact on wear resistance and
coefficient of friction, with maximum load values of 35.64N and 5.782N, respectively.

1. Introduction

The applications in engineering and technology are increas-
ingly using hybrid composite materials. Compared to natu-
ral composite materials, they provide a number of benefits
including increased mechanical and physical properties [1].
Aluminium alloys are commonly used to manufacture aero-
space, defense, medical equipment, and automotive spare
parts due to their superior strength-to-weight ratio. With

adding suitable amount of metallic or nonmetallic reinforce-
ments and manufactured them as MMCs, the properties of
aluminium alloys can be improved. In the aerospace,
defense, automobile, marine, medical instruments, and other
mechanical industries, MMCs are increasingly being used to
replace traditional metallic alloys. To meet the recent
demands of advanced engineering applications, researchers
have looked into aluminium alloy-based MMCs [2]. Electri-
cal, food, chemical, and marine applications are just a few of
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the many applications for the LM25. It is widely used in the
automotive industry, where it is commonly used to cast cyl-
inder blocks, wheels, heads, and other parts [3].

AMCs reinforced with iron oxide (Fe3O4) were recently
developed utilizing a simple and inexpensive industrialized
method [4, 5]. This composite’s excellent physical and
mechanical properties make it an exceptional multipurpose-
ful, lightweight, and proficient material for engineering and
technology intentions. This research is required to improve
the composite’s electrical conductivity due to the effect of
Fe3O4 [6].

The hardness of the AMCs reinforced with Gr particles
decreased with a linear increase in the Gr content, regardless
of the manufacturing process used to create the composite
materials [7–10]. Because the structure of a bony lubricating
film by Gr particles barred straight contact of sliding sur-
faces and abridged ploughing effects of Al fragment, the
wear resistance of AMCs toughened with Gr particles was
superior to that of pure aluminium matrix, resulting in eas-
ier machining of these composite materials pretend by a
variety of techniques [11–14].

With 5% wt of graphite reinforcement, composite com-
pression strength increased by around 108 percent. With
15% graphite reinforcement in the copper matrix, however,
there was a significant reduction in compression strength.
The wear properties of composite materials have been
improved by incorporating graphite into the copper matrix
[15]. Suresh et al. manufactured LM25-B4C-Gr-Fe3O4-
based hybrid composites by stir casting route and mechani-
cal behaviors. The consequences explained that LM25-B4C-
Gr-Fe3O4 hybrid composites must be investigated as an
outstanding material wherever high strength, ultimate ten-
sile strength, and wear resistance are enhanced [16, 17].
Radhika et al. calculated mechanical properties and wear
characteristics of LM25/SiC/Al2O3 hybrid MMCs and fabri-
cated by utilized liquid metallurgy route. The results of worn
out surfaces of composites were investigated using SEM and
it was found that the mechanical properties and wear resis-
tance augmented as the weight percentage of reinforcement
augmented [18]. Siddesh Matti et al. synthesized and evalu-
ated the wear behavior Al7075 alloy composites reinforced
with mica, fly ash, and red mud particles prepared by stir
casting route. The findings of the hybrid composites were
subjected to microstructural studies and wear properties
testing is improved [19].

Nagarajan Lenin et al. investigated manufacturing and
machining of LM25 reinforced with fly ash and boron car-
bide (B4C) hybrid composites by using stir casting and
WEDM. The results showed the composite’s mechanical
and machining properties are improved and to be used
in several engineering applications [20]. Radhika and
Raghu developed LM25/TiC MMCs using liquid metal-
lurgy process and the mechanical properties such as hard-
ness and tensile strength were enhanced on the composite.
The microstructural assessment divulges that uniform
spreading was achieved in the composites [21]. Gowtham-
kumar et al. modelled the influence of solidification and
flow rate of the molten alloy in a recycled aluminium
LM-25 alloy with a high Fe concentration. Mechanical

and microstructural characterizations were used to assess
the flow ability and mechanical behavior of cast alumin-
ium scrap, which was compared to a FEA model through
simulation [22]. Squeeze casting was used to study and
investigate the sliding wear behavior of LM 25, Al/10 wt.
percent fly ash composites, AA/10 wt. percent steel parti-
cles composites, and AA/5wt. percent FA/5 wt. percent
SP hybrid composites. However, Al/FA/SP hybrid compos-
ites outperformed Al alloy, Al/FA, and Al/SP composites
in terms of wear resistance [23]. Hiremath investigated
LM25-borosilicate glass particle composites using the stir
casting method, and the findings show that the hardness
improves linearly as the reinforcement amount inside the
matrix increases. It is also clear that the cold material’s
Volumetric Heat Capacities have a significant impact not
only on the quality of the castings produced but also on
the hardness of the AMCs [24]. Elango et al. [11] studied
the wear properties of LM25 and composites supple-
mented with SiC and Titanium Dioxide (TiO2). The
strengthening enhanced the wear resistance of the LM 25
alloy, according to the findings [25].

Table 1: Chemical composition of LM25 aluminium alloy.

Composition %

Si 7.23

Fe 0.73

Cu 0.12

Mn 0.14

Mg 0.29

Cr 0.02

Ni 0.02

Sn 0.01

Ti 0.02

Pb 0.01

Zn 0.14

Al Balance

Figure 1: Casted LM25-FE3O4-Gr MMHCs specimen.
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In Technology and Science, the signal-to-noise ratio
(SNR) is defined as a calculation that compares the level of
a chosen signal to the level of background noise [26]. In this
case, SNR is calculated by comparing the signal inside a
material’s imperfection region to the signal within the mate-
rial’s sound area. The SNR is defined as the ratio of the sig-
nal intensity recorded in the ROI, i.e., the inhomogeneous
area of the specimen, to the standard deviation of the signal
intensity in an area outside the ROI [26].

The SNR can be calculated in a variety of methods,
according to scientific literature. A list of seven commonly
used SNR equations in the scientific community is shown
below [27].

SNR = ALS
SD ð1Þ

where
SNR = signal-to-noise ratio
ALS= the average level of the signal in the defect region
SD= the standard deviation of the noise in the reference

or sound region
According to the literature, LM25 aluminium alloy

hybrid metal matrix composite reinforced with 3wt%
Fe3O4 and 4wt% Gr particles was produced by stir casting
route to improve the wear properties for automotive, aero-
space, and industrial tenders. The tribological behavior of
the composite is still being investigated using Taguchi’s
method to estimate the wear rate and coefficient of
friction.

2. Materials and Methods

2.1. Material Selection. The LM25 aluminium alloy, with a
density of 2.68 gm/cm3 and properties such as weight,
toughness, and temperature transfer, was chosen as the base
medium due to its use in automotive pistons. The reinforce-
ment of Fe3O4 particles with 200 mesh sizes was chosen to
improve wear resistance. It has a density of 5.24 gm/cm3, a
superior hardness than SiC, WC, and TiC, and exceptional
substance and thermal permanence, making it an ideal
reinforcement for improving the alloy’s wear performance.
The graphite, which has a density of 2.26 g/cm3, is also used
as a reinforcement material, and the composite hardness
diminishes as the adding percent of graphite (Gr) augments
[28, 29]. The substance compositions of the LM25 alumin-
ium alloy were determined using spectroscopy, as shown
in Table 1.

2.2. Stir Casting Method. Owing to its outlay—value, the
stir casting method was used to manufacture and fabricate
the composite. The LM25 major matrix was liquefied in a
stir casting setup furnace, encased in a crucible. The alloy
was dissolved in a static gas ambiance, which barred sub-
stance reactions and resulted in a casting. The preheated

Pin holder

(a)

Disc

Test sample Load

Figure 2: Wear testing machine.

Table 2: Process parameters and their levels.

Levels Load (N) Sliding velocity (m/s) Sliding distance (m)

1 20 2 1000

2 40 4 2000

3 60 6 3000
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reinforcements were added during the usual intermission
behind liquefy and stirred for 8 minutes at 450 rpm to
ensure uniform reinforcement particle distribution. The
liquefied metal was then poured into preheated (400°C)
moulds with dimensions of 100 x 14mm and allowed to
solidify at 840°C, as shown in Figure 1.

2.3. Wear Test. Figure 2 shows the results of wear tests using
a pin-on-disc apparatus provided by DUCOM on a variety
of work pieces.

The cast component was turned in a circular specimen
with dimensions of 12mm x 30mm. The sample was sub-
jected to dry sliding wear tests using a DUCOM pin-on-
disc apparatus in accordance with L9 orthogonal arrays
[30]. A rotating steel disc (EN-31) with a hardness of
VH114 held test pins (12-30mm) in place. Throughout the
experiment, an 80mm path diameter was maintained. The
cantilever beam, which imparts an equivalent amount of
energy to the sample that will come into contact with the
opposing visage, remained loaded.

The pin is forced into contact with the disc by the
applied load. As a result of surface wear, the pin’s size adjusts
slightly, allowing the lever arm to be transferred. The LVDT
measures the separate wear by disarticulating the switch
limb. Before and after the experiment, the specimen was
dressed appropriately. The sample’s mass loss was taken into
account and rehabilitated as volume thrashing and, as a
result, wear rates.

During standard intermissions, friction sensors were
used to calculate the CoF between the pin and the revolving
disc, which was then confirmed using the WINDUCOM
software. The average coefficient of friction is stretched by
taking the average of those values.

2.4. Taguchi’s Method. The L9 orthogonal array and Tagu-
chi’s method were chosen to achieve the best results with
the fewest trials possible, and the experimentation plan
remained unchanged (Table 2). The S/N ratio and ANOVA
were used to calculate the wear rates of the specimen and the
average CoF by using Mini Tab software. The experiment
was guided by the following parameters: applied load, sliding

velocity, and sliding distance, all of which differed between
levels (Table 2).

2.5. Field Emission Scanning Electron Microscopy (FESEM).
In the microanalysis and failure analysis of solid inorganic
materials, field emission scanning electron microscopy
(FESEM) is widely used. High exaggerations, high-
resolution imagery, and precise measurements of very small
facial features and objects are all possible with scanning elec-
tron microscopy. FESEM presents absolute elevated declara-
tion descriptions of the sample by focusing an electron beam
transversely across the surface.

3. Results and Discussion

3.1. Tribological Behavior. The composite’s tribological
behavior was assessed, including wear rates and coefficients
of friction. The results and their S/N ratios are shown in
Table 3. The investigation’s findings were assessed using
ANOVA, which is used to investigate the stimulus of the
considered wear strictures, namely, applied load, sliding

Table 4: Response table for S/N ratios–wear rate.

Level Load (N) Speed (m/s) Distance (m)

1 35.64 27.16 27.16

2 26.16 20.69 20.69

3 13.68 27.63 27.63

Delta 21.96 6.94 6.94

Rank 1 2 3

Table 5: Response means–wear rate.

Level Load (N) Speed (m/s) Distance (m)

1 0.006918 0.007063 0.007783

2 0.009143 0.007167 0.008070

3 0.005987 0.007817 0.006203

Delta 0.002187 0.001650 0.001870

Rank 1 2 3

Table 3: L9 orthogonal array.

S.No
Process parameters

Wear rate
(mm3/m)

S/N ratio
(db)

COF
S/N ratio
(db)

Load
(N)

Velocity
(m/s)

Distance
(m)

1 20 2 1000 0.017 35.38 0.527 5.56

2 20 4 2000 0.016 35.71 0.513 5.79

3 20 6 3000 0.016 35.82 0.502 5.98

4 40 2 1000 0.051 25.99 0.583 4.68

5 40 4 2000 0.049 26.04 0.564 4.97

6 40 6 3000 0.047 26.44 0.573 4.83

7 60 2 1000 0.098 20.11 0.543 5.30

8 60 4 2000 0.096 20.31 0.532 5.48

9 60 6 3000 0.093 20.61 0.521 5.66
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speed, and sliding distance, all of which have a significant
impact on routine measures. Using analysis of variance, it
is possible to determine unambiguously which independent
variable rules over the others, as well as the percentage con-
tribution of those independent variables.

For the aluminium alloy LM25, 4% Gr, and 3% Fe3O4,
the ANOVA results for wear rate and COF for three factors
varied at three levels and interfaces for three levels and inter-
faces. The lower value of wear rates is 0.00355 at a velocity of
6m/s and a load of 20N. The higher value of wear rates is
0.01367 at a velocity of 2m/s and a load of 60N.

Table 3 shows that as the composites’ velocity aug-
mented, the wear rates of the composites decreased. The sig-
nificance level for this analysis is =0.05, which corresponds
to a 95 percent confidence level. Sources contributing to
the performance measures with a P-value of less than 0.05
were considered statistically significant contributors.

3.2. Analysis of Signal-to-Noise Ratio. Taguchi’s technique
uses an S/N ratio to specify the position of structure based
on their stimulus. Tables 4–6 show S/N ratios of wear rates.
For this study, “smaller-is-better” characteristics were used.
The delta value of conforming structure is determined by the
variation among the peak values. The plunging mandate of
the delta value retained its assigned position. In terms of wear
rate, load remained the primary constraint, with distance and
velocity as its stimuli. The conforming ranking of structure is
specified in the last row of Tables 4–6. Finest wear behavior
was observed at third levels of load (1st rank) and speed (2nd

rank) and 2nd level in sliding distance (3rd rank).
The influence of each parameter on ANOVA results has

been calculated, and the load is a major contributing factor
that influenced wear performance by 35.46 percent; the next
significant parameter is speed percentage, which influenced
wear performance by 29.63 percent; and sliding speed, which
influenced wear rate by 25.85 percent (Table 6).

The stimulus on the coefficient of friction was ranked
first by distance, followed by load and sliding velocity
(Tables 7–9). It is possible that the distance rank is due to
the presence of tough reinforcements. As the distance
between the sliding surfaces grows, the reinforcement parti-
cles that protrude from the surface become fissured, aggre-
gating the contact area between the sliding surfaces and
reducing friction. The best CoF was found at the third levels
of load (1st rank), speed (2nd rank), and sliding distance
(2nd level) (3rd rank).

The load is a major contributing factor that influenced
wear performance by about 5.86 percent; the next significant
parameter is speed percentage, which influenced wear per-
formance by about 4.975 percent; and sliding speed is the

last influencing factor that influenced CoF by about 3.569
percent (Table 9).

3.3. Influence of Wear Rate Parameters on the Responses. The
effects of process variables on wear rates and friction coeffi-
cient were studied. As a mean plot, Figure 2(a) depicts the
trend of the corresponding responses. Figure 2(b) shows
the optimal level of parameters using S/N ratios. The follow-
ing sections go over the effects of parameters on responses in
detail.

3.3.1. Effect of Load. Wear rates increase as the applied load
increases, as shown in Figures 3(a) and 3(b). The fringe
surge of wear rate remained pragmatic from 20N to 40N,
whereas the severe surge from 40N to 60N was severe.
The material’s elastic distortion is to blame for this drift.
Temperature increases to the sliding surface had fewer
effects on the elastic distortion at low loads (20N and
40N). Adding a load (60N) to the specimen causes a tem-
perature spike over the sliding surface, even at slow sliding
velocities. The high temperature caused plastic deformation
of the surface, resulting in the adhesion of pin surfaces to
the disc. As a result of this adhesion, more material is
removed, dramatically increasing wear rates [31].

3.3.2. Effect of Distance. Wear rates were found to be
decreasing as distance increased. The converse kin is con-
strued by this diminishing to drift, as shown in
Figures 2(a) and 2(b). When comparing the wear rate
between 1,000m and 2,000m to the wear rate between

Table 6: ANOVA result.

Sources Degree of freedom (DF) Squares sum (seq SS) Mean square (adj MS) F value P value Contribute level (%) Error (%)

Load (N) 2 12.191 6.575 0.88 0.641 35.46 2.8

Speed (m/s) 2 7.391 4.196 0.56 0.577 29.63 1.5

Distance (m) 2 8.356 4.628 0.63 0.743 25.85 1.7

Table 7: Response table for S/N ratios–coefficient of friction.

Level Load (N) Speed (m/s) Distance (m)

1 5.782 5.185 5.185

2 4.833 5.418 5.418

3 5.483 5.495 5.495

Delta 0.950 0.311 0.311

Rank 1 2 3

Table 8: Response means–CoF.

Level Load (N) Speed (m/s) Distance (m)

1 0.005842 0.008496 0.006584

2 0.008456 0.006892 0.007965

3 0.006852 0.009512 0.005431

Delta 0.003258 0.002478 0.002974

Rank 1 2 3
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2,000m and 3,000m, the wear rate between 1,000m and
2,000m decreased significantly. The behavior be capable
of stabilized through the incidence of stiff reinforcements
that appear as piercing brusqueness on the composite
specimen’s surface. Reinforcement particles that protrude
from the composite surface reduce the area among the

specimen and the disc at first, which augments the wear
rate and CoF.

The distance among the sliding surfaces increases; these
asperities become compacted and blunt, escalating the area
among the sliding surfaces [32]. This possibly explains the
improved wear behavior at long distances.
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Figure 3: (a) Main effect plot for means–wear rate. (b) Main effect plot for S/N ratios–wear rate.

Table 9: ANOVA result.

Sources Degree of freedom (DF) Squares sum (seq SS) Mean square (adj MS) F value P value Contribute level (%) Error (%)

Load (N) 2 10.782 5.658 0.75 0.598 5.86 2.5

Speed (m/s) 2 6.235 3.259 0.61 0.657 4.975 1.6

Distance (m) 2 9.456 4.980 0.54 0.862 3.569 1.4

6 Journal of Nanomaterials



3.3.3. Effect of Velocity. With increasing velocity, the rejoin-
ders were pragmatic to be diminishing (Figures 2(a) and
2(b)). The formation of a tribo-layer can help with this.
The aluminium has the ability to form an oxide layer on
its external fringe. The temperature of the contact surface

rises when sliding at high speeds, causing the material to
corrode. This miracle refers to the transport of materials in
the form of a mechanically mixed layer, also known as a
tribo-layer. This film determination acted as a barricade or
lubricant among the surfaces during velocity upsurges,
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Figure 4: (a) Main effect plot for means–coefficient of friction. (b) Main effect plot for S/N ratios–coefficient of friction.
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reducing wear rates [33]. The stumpy load (20N), superior
sliding velocity (6m/s), and greatest distance were the
best parameters for improving the composite’s tribological
behavior (3,000m).

3.4. Influence of Coefficient of Friction Parameters on the
Responses. The consequence of progression strictures on
the CoF was still being assessed. Figure 4(a) depicts the drift
of the agreeing reply angrily, while Figure 4(b) depicts the
finer echelon of strictures utilizing S/N ratios. The effects
of strictures on reply angrily were conversed in depth in
the progressive segments.

3.4.1. Effect of Load. The coefficient of friction increases as
the applied load increases, as shown in Figures 3(a) and
3(b). The fragmentation of the oxide layer can cause an
increase in coefficient of friction. At stumpy loads, the parti-
cles that were hauling lacking throughout downhill react
among the impression and structure of the film. The temper-
ature over the contact surface had a big impact on this boron
oxide film. The friction among the sliding surfaces is
increased as a result [34].

3.4.2. Effect of Distance. As the distance between the two
points grows, the CoF appears to be diminishing. The con-
verse kin is construed by reducing to drift, as shown in
Figures 4(a) and 4(b). When comparing the CoF between
1,000m and 2,000m to the COF between 2,000m and
3,000m, the CoF between 1,000m and 2,000m decreased
significantly. The occurrence of stiff reinforcements that
proceed as piercing brusqueness on the surface of the com-
posite specimen can brace the behavior.

3.4.3. Effect of Velocity. As the velocity augments, these film
acts as an obstruction or lubricant among the surfaces,
diminishing the CoF (Figures 4(a) and 4(b)).

3.5. FESEM Analysis. The use of a FESEM to examine wear
surfaces fashioned into dry sliding wear in a stable environ-
ment is an important tool for determining composite wear
and tear behavior. Figure 5 shows composites with morpho-
logical decorations such as cavernous permanent undula-
tions, micro pits, debris, and broken particles on their wear
surfaces. The dilapidated façade of the Al-Fe3O4-Gr com-
posite (Figure 5(a)) shows the presence of delaminated
layers. The sliding surface depicted in this diagram has been

(a) (b)

(c)

Figure 5: (a–c) Typical SEM micrographs of composites.
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clearly stimulated by the stratum. The surfaces appear
smooth as well, thanks to the graphite reinforcement. On
the surface of the Al- Fe3O4-Gr composite, deep grooves
can be seen (Figure 5(b)), which may have contributed to
the increased wear loss.

The surface of the Al-Fe3O4-Gr composite (Figure 5(c))
clearly reveals fragments and kaput particles. Imprecise
dances and fine scuff had formed on the worn surface. The
wear mechanisms are defined by the structure of undula-
tions, which are shaped by the humanizing exploit of stiff
abruptness on the counteract disc and toughened dilapi-
dated fragments. If the amount of boron carbide was
increased, wear would be reduced. At high speeds, the tem-
perature rises faster than the sliding surface, causing the
material to oxidize and the material to transfer between the
pin and counter face, resulting in the formation of MML.
This layer contributes to good tribological properties at high
speeds [35–37].

4. Conclusions

The following explanation was faded commencing this pres-
ent investigative work:

(i) The stir casting route was used to successfully fabri-
cate an LM25 aluminium alloy hybrid metal matrix
composite reinforced with 3wt% Fe3O4 and 4wt%
Gr particles

(ii) The wear rate and CoF have an unswerving rela-
tionship among the load, but are inversely related
to the sliding speed and distance, according to tribo-
logical findings

(iii) The wear and tear rate was determined primarily by
load, pursued by distance and sliding velocity,
whereas the CoF is influenced disproportionately
by distance, pursued by load and sliding velocity

(iv) Stumpy load (20N), superior sliding velocity
(6m/s), and most distance were the best circum-
stances for attaining superior tribological charac-
teristics (3,000m).

(v) At high velocities, SEM analysis exposed the wear
mechanism. This research into tribological behavior
can be put to good use in determining the supreme
materials for use in the automotive industry, wher-
ever sliding contact is predictable

(vi) For a longer component life, conformist automotive
elements such as pistons, piston liners, brake rotors,
and cylinder heads can be replaced among these
AMCs
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