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In the current work, a novel self-lubricating AA7075-based composite has been developed with silicon
nitride (8 wt.%) as the ceramic reinforcement and varying MoS2 (0-6 wt.%) content by using stir casting
method. The effect of solid lubricant (MoS2) addition on the microhardness, compression and
microstructural behavior has been studied. Unidirectional sliding wear tests were carried out to study the
effect of the reinforcement addition on the coefficient of friction and wear. The testing has been carried out
at three different sliding speeds (1, 4 and 7 m/s) to elucidate the effect of sliding speed on the wear and
friction behavior. The mechanical strength of the developed composites exhibited a decreasing trend with
an increase in the MoS2 content. However, a 37% decrease in the COF was also observed with an increase
in molybdenum disulfide (MoS2) content. With an increase in the normal load, COF exhibited an increasing
behavior. The wear loss also exhibited an increasing trend with an increase in normal load as well as speed.
The worn surface analysis exhibited a shift of wear mechanism from severe abrasion toward mild abrasion
in the case of composites with higher content of MoS2. EDS also revealed the formation of mechanically
mixed layer (MML) and oxide formation. The developed composites with better anti-friction properties
have wide scope in sliding applications, particularly in automotive sector.
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MoS2, self-lubricating composites, solid lubrication,
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1. Introduction

The increasing demands for sustainable (Ref 1) technologies
have led to an increased focus on the research in the area of
lightweight materials such as aluminum and magnesium.
Aluminum in its pure form lacks good mechanical properties
and hence is not structurally much applicable. Aluminum when
alloyed with various elements such as zinc, magnesium, silicon
exhibits better mechanical properties. AA 7075 being an alloy
of aluminum with zinc as the primary alloying element exhibits
excellent mechanical properties comparable with steels; how-
ever, it offers less resistance to wear (Ref 2).

Friction and wear being intrinsic to various engineering
applications, designers and material scientists are working on
the development of materials with better mechanical properties
along with good friction and wear properties. Due to the
environmental, economic and technical disadvantages related to
liquid lubrication, recently focus has shifted toward develop-
ment of self-lubricating materials (Ref 3-5). In the case of self-
lubricating materials, solid lubricants such as graphite, calcium
fluoride, barium fluoride have been tried; however, adding the
softer solid lubricant phase leads to a decrease in mechanical
strength, thereby warranting the use of a hard ceramic

reinforcement so as to counter the degradation of mechanical
properties by the softer phase. Such composites with ceramic as
the primary reinforcement and solid lubricant as the secondary
reinforcement are known as hybrid self-lubricating composites.

In our previous work (Ref 4), silicon nitride was added as a
reinforcement in AA7075 in varying percentages and the
composites exhibited better hardness and wear resistance. The
literature also revealed that silicon nitride, an excellent bearing
material, has not been tried much as a reinforcement in the
development of aluminum-based composites.

Vinoth et al. (Ref 6) studied the effect of MoS2 addition on
mechanical and tribological behavior of Al-Si10Mg alloy. The
composites prepared via stir casting, as reported by the authors,
a finer microstructure in the 4 wt.% MoS2-added composites
apart from increase in the density was observed. The fabricated
composites with MoS2 also exhibited better wear resistance
with reference to the unreinforced alloy. However, the ultimate
tensile strength decreased as compared to the base alloy. Furlan
et al. (Ref 7) in a recent study summarized the role of MoS2 as a
solid lubricant in various base matrices such as copper, iron,
nickel, aluminum and silver. The authors have summed and
presented a detailed review of the various testing configura-
tions, effect of environmental conditions and the various
parameters on the friction and wear of MoS2-added composites.
The authors have summarized that MoS2 plays a vital role in
improving the tribological properties; however, the studies
carried out in this direction are not much exhaustive. Laksh-
mipathy et al. (Ref 8) in a study examined the effect of MoS2
on the mechanical and tribological behavior of AA7068 along
with tungsten carbide (WC). The samples were, however,
prepared via powder metallurgy technique. Kumar et al. (Ref 9)
carried out an investigation wherein the authors studied the
effect of addition of 4 wt.%MoS2 to Al 10SiC on the
tribological behavior. The samples were prepared via liquid
metallurgy route. A decrease in the wear rate and coefficient of
friction in the case of MoS2-added composites was reported by
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the authors in comparison with the Al-SiC composites. The
authors have attributed this improvement in the tribological
properties of the composites to the film formation capability of
MoS2. Monikandan et al. (Ref 10) carried out a tribological
study on AA6061-B4C and AA6061-B4C-MoS2 composites.
The samples were prepared via stir casting route. The authors
carried out a statistical analysis wherein effect of various factors
such as MoS2 addition, load, sliding speed and sliding distance
on the wear and friction behavior of the fabricated composites
was studied. The authors concluded that with the increase in
sliding distance and applied load, both wear rate and coefficient
of friction showed an increasing trend, whereas MoS2 particle
addition led to a decrease in the wear rate as well as the
coefficient of friction. Jojith and Radhika (Ref 11) carried out a
study on LM13/TiO2 (12 wt.%)/MoS2 (3 wt.%) composites
prepared via stir casting route. The authors reported an
improvement in the hardness and tensile strength as compared
to the base alloy. The authors reported an improvement in the
wear resistance of the composites in comparison with the
unreinforced alloy. Daniel et al. (Ref 12) studied the tribolog-
ical behavior of Al/SiC/MoS2 hybrid metal matrix composites
under high-temperature conditions. They prepared the samples
via casting route with AA 5059 as the base matrix and 2 wt.%
MoS2 as a constant solid lubricant additive and varied the
ceramic reinforcement SiC. The authors documented that
addition of SiC and MoS2 led to a decrease in the wear as
well as the coefficient of friction of the cast composites. The
authors also concluded that temperature also affects the friction
and wear behavior of the cast composites by a considerable
amount. Kanthavel et al. (Ref 13) in a similar investigation
studied the tribological properties on powder metallurgy-
processed Al/Al2O3/MoS2 hybrid composites. The authors
reported that the combined effect of 5 wt.% Al2O3 and 5 wt.%
MoS2 exhibited better tribological performance. However,
upon increasing the MoS2 concentration to 10 wt.% the
coefficient of friction exhibited a reverse trend.

In a recent study by the authors (Ref 5), the percentage of
silicon nitride was fixed as 8 wt.% and graphite was varied in
varying percentages. In view of the above discussion, it can be
concluded that MoS2 with excellent solid lubrication capabil-
ities has not been tried with AA 7075. The current work was
therefore aimed at studying the effect of MoS2 addition on the
tribological behavior of AA7075/Si3N4 composites. MoS2 has
been added in various percentages by weight (0, 2, 4, 6) while
adding 8 wt.% silicon nitride to all the samples primarily on the
basis of our previous work (Ref 4).

The literature (Ref 6, 11-15) suggests that very less efforts
have been made toward development of AA7075-based self-
lubricating composites with silicon nitride as the ceramic
reinforcement. In our previous work (Ref 4, 5, 16), we studied
the effect of silicon nitride and Gr on the tribological
characteristics of AA7075-based composites. In the present
work, a novel composite comprising of AA 7075 alloy as base
matrix, Si3N4 particles as ceramic reinforcements (8 wt.%) and
MoS2 as the solid lubricant (0-6 wt.%) has been developed by
stir casting route. The influence of MoS2 on the mechanical and
tribological behavior of AA 7075 has been investigated. The
work attempts to exploit the potential of AA7075 as a
promising engineering material owing to its better strength-
to-weight ratio and further attempts to augment the good
mechanical strength and anti-wear properties of Si3N4 and the
good antifriction properties of MoS2 so as to result in a
composite with better mechanical and tribological properties.

2. Materials and Methods

2.1 Materials

Table 1 presents the details of the self-lubricating compos-
ites developed in the current study via stir casting method.
Table 2 presents the properties of Si3N4 and molybdenum
disulfide.

Figure 1 represents the XRD plots of AA7075/8 wt.% Si3N4

and AA7075/8 wt.% Si3N4/2 wt.% MoS2 and AA7075/8 wt.%
Si3N4/6 wt.% MoS2. The increased height of the peaks in the
case of the composites with MoS2 at around 2h = 14.498� and
around 2h = 39.66� confirms the presence of MoS2 in the
composites in addition to Si3N4 and AA7075.

2.2 Fabrication of Composites

Stir casting setup was used for the preparation of the
composites. AA 7075 bar of 500 g was heated up to 950 �C in
a graphite crucible by an electric furnace. The temperature was
selected primarily to improve the wettability of the reinforce-
ments, trail testing and on the basis of prior literature (Ref 17-
19). The reinforcing particles were preheated prior to addition
into the metal. Stirring was carried by a motorized stirrer to
ensure homogenous mixing of the reinforcements (Ref 17).
Various process parameters used in the stir casting process are
presented in Table 3. The molten composite was allowed to
flow into a preheated permanent mold which allowed to cool at
room temperature thereafter. The castings were then machined
on a lathe machine (HMT Make) to form cylindrical pins of
required dimensions as per the testing procedures.

2.3 Mechanical and Tribological Testing

Archimedes principle was used to measure the density of the
composites. The microhardness measurement was carried out
using Vickers hardness tester (Daksh Quality Systems) accord-
ing to ASTM E92 standard. The hardness tester is computer-
enabled with image analysis software having an automatic
turret with a testing range of force up to 100 gms having a
magnification range of 1009 to 4009 and the dwell time range
from 1 to 99 s. The indentation load for all tests was 5 N with a
constant dwell time of 5 s. Microhardness of each composition
was measured at five different locations, and three samples per
composition were tested to ensure repeatability of the results.

The compression testing was carried out on samples with
10 mm diameter and 15 mm height (L/D ratio = 1.5) using a
Universal Testing Machine (UTM) with constant velocity
according to ASTM E9 standard. The compression testing for
all compositions was performed three times to ensure repeata-
bility.

The tribological studies were carried out on a computer-
integrated pin-on-disk tribometer (DUCOM Wear and Friction
Monitor TR-20LE-PHM400) with an inbuilt load cell to
measure the frictional force, having a load range up to
200 N, RPM up to 2000 RPM and frictional force measurement
range up to 200 N. Cylindrical pins of the cast composites with
8 mm diameter and 8 mm height were used for tribological
testing.

A steel disk of EN 31 steel with a hardness value of around
60 ± 3 HRC was used as the counterface material. The
tribotesting was carried out at five different normal loads
(10, 20, 30, 40 and 50 N). The sliding was carried up to a
distance of 1500 meters at a constant sliding speed of 1 m/s. In
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order to study the effect of sliding speed on the friction and
wear behavior of the developed composites, the testing was
carried out at three different sliding speeds (1, 4 and 7 m/s) at a
constant load of 30 N.

The tribological testing was carried out at room temperature.
Prior to every test, polishing of the samples was performed by
different grades of silicon carbide emery papers on a motorized
polishing machine to ensure similar surface roughness condi-
tions (Ra value of around 0.3 lm). The polishing machine is
equipped with a polishing disk of 200 mm diameter made up of
gun metal, having a speed variation of 300-900 RPM.

Acetone-cleaned samples were weighed by using an elec-
tronic weighing balance (Denver Instrument, Model SI 234)
with an accuracy of 10�4 g as shown in Fig. 3.19. The wear
loss was reported as a difference in weight of the samples
measured before and after each test. Each experiment was
repeated thrice, and an average value is reported. Scanning
electron microscopy (SEM) and EDS analysis were performed
to analyze the worn surfaces and elemental analysis, respec-
tively. For evaluating the effect of various reinforcements on
the microstructure of the developed composites, the microstruc-
tural analysis was carried under a scanning electron microscope
equipped with energy-dispersive analysis (EDS) (FEI Quanta
200). Prior to the microstructural examination, the properly
polished samples were etched by Keller�s reagent (95 mL water
+2.5 mL HNO3 +1.5 mL HCl +1.0 mL HF). Scanning electron
microscope (JEOL JSM 5600 LV) was used to evaluate the
type of wear mechanism after the tribological testing. EDS was
used for chemical examination of the samples.

3. Results and Discussion

3.1 Mechanical Testing

3.1.1 Microhardness and Density. The density of the
composites is presented in Table 4 wherein it can be seen that
the density of the composites increases with an increase in the
MoS2 content. This is primarily due to the higher density of the
MoS2 particles. Figure 2 represents the microhardness values
of the developed composites wherein it can be seen that the
microhardness decreases with an increase in the MoS2 content.

Table 1 Details of AA 7075/Si3N4/MoS2 composites

S. no. AA 7075, wt.% Si3N4, wt.% Molybdenum disulfide, wt.%

1 Remaining 8 0
2 Remaining 8 2
3 Remaining 8 4
4 Remaining 8 6

Table 2 Details of reinforcing particles

Material Appearance Purity Average particle size Density Supplier name

Silicon nitride Gray white powder > 99% < 40 lm 3.52 g/cm3 Nanopar Tech (Chandigarh, India)
Molybdenum disulfide Silvery black � 99.9% � 44 lm 5.06 g/cm3 Nanoshel Ltd (India)

Fig. 1 XRD plot of AA7075/Si3N4/MoS2 composites

Table 3 Process parameters used in stir casting

S. no. Parameter Value

1 Temperature during stirring 950 �C
2 RPM of the motor 250 RPM
3 Time for stirring 10 Min
4 Preheating temperature of rein-

forcing powders
450 �C

5 Preheating temperature for perma-
nent mold

300 �C
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The microhardness value drops from around 143 HV for the
ceramic-reinforced composite (8 wt.%) to around 120 HV for
the self-lubricating composite with 6 wt.% MoS2 (Ref 20) .

The increase in the softer MoS2 particles leads to this
behavior. Moreover, the softer MoS2 phase promotes easy
movement of grains in the direction of slip planes, which
further renders the material more susceptible to deformation
under load (Ref 21). Figure 3 shows the representative
microstructural images of the cast composites. The microstruc-
tural changes and clustering of particles triggered by the MoS2
particles also contribute to the decrease in the microhardness
(Ref 22). The addition of Si3N4 leads to grain refinement as
observed in our previous work (Ref 4) due to Hall–Petch effect
and is instrumental in improving the hardness and wear
resistance of the composite in comparison with the base alloy
(Ref 23). However, it was observed that addition of the softer
MoS2 particles counters this effect of grain refinement, which
in turn leads to decrease in microhardness in comparison with
the AA7075/Si3N4 composites. It is evident from Fig. 2 that
the decrease in the microhardness in the case of MoS2
composites is more in comparison with the graphitic compos-
ites studied in our previous work (Ref 5).

3.1.2 Compression Testing. The results of the compres-
sion testing are presented in Fig. 4. The compression strength
for the MoS2 composites, which is a very critical property for
prospective tribological materials, is higher than the base alloy
(AA 7075). This behavior plays a vital role in improving the

wear resistance of the developed composites. It can be observed
that the addition of the MoS2 particles leads to a decrease in the
compression strength which can be ascribed to the relatively
soft nature of the MoS2 particles. The increased concentration
of the particles also aids in the crack initiation at the matrix–
reinforcement interface, thereby leading to the degradation of
the mechanical properties (Ref 24). The decrease in the

Table 4 Density of AA7075/Si3N4/MoS2 composites

S. no. Composition Experimental density

1 AA7075/8 wt.% Si3N4 2.90
2 AA7075/8 wt.% Si3N4/2 wt.% MoS2 2.91
3 AA7075/8 wt.% Si3N4/4 wt.% MoS2 2.93
4 AA7075/8 wt.% Si3N4/6 wt.% MoS2 2.98

Fig. 2 Effect of molybdenum disulfide content on microhardness

Fig. 3 Representative microstructural image of (a) AA7075/8 wt.%
Si3N4/2 wt.% MoS2 (b) AA7075/8 wt.% Si3N4/6 wt.% MoS2
composites
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compression strength is more than the graphitic composites
(Ref 5), which is due to the softer MoS2 phase as compared to
graphite.

3.2 Tribological Testing

3.2.1 Effect of MoS2 on COF. Figure 5 shows that an
increase in the MoS2 content leads to a decrease in the COF. A
reduction of around 40% is achieved in the case of 6 wt.%
MoS2 composites in comparison with 0 wt.% composites at low
load; however, the reduction is less in the case of higher loads.
This behavior is attributed to tribofilm formation nature of
MoS2 (Ref 25). The MoS2 tribofilm prevents the asperity to
asperity contact, thereby lowering the COF. Moreover, the
MoS2 particles present in the debris also contribute to this
behavior (Ref 26). A shift in the wear mechanism from abrasion
(seen in the form of plowing marks) to a combination of
delamination and milder abrasion also contributes to this
behavior (Fig. 15a, 16a, 17a and 18a). Similar behavior has

been observed in the case of AA7075/Si3N4/Gr composites
(Ref 5). It can further be seen that in comparison with
composites with graphite, MoS2 is more efficient in lowering
friction. This is primarily due to better film formation capability
of MoS2 in comparison with graphite (Ref 27). A shift in the
wear mechanism from severe abrasion (with deeper grooves)
toward mild abrasion (with smoother grooves) also contributes
to this trend. The lubrication capability of MoS2 is attributed to
the chemical structure of the MoS2, due to which shearing of
the basal planes takes place in the direction of sliding (Ref 28).
The promising results exhibited by MoS2 hold more relevance
for space and aerospace applications due to two reasons: (a)
MoS2 performs better than graphite as a solid lubricant in
vacuum as graphite requires sufficient vapor pressure to
perform efficiently (Ref 29) and (b) the base alloy AA7075 is
an aerospace alloy which is widely used for space applications
(Ref 30).

3.3 Effect of Load on COF

The friction curves corresponding to 10 and 50 N load and
1 m/s are presented in Fig. 6(a) and (b), respectively. In
general, an initial increase is observed and after around 200 m
and 250 m sliding, the friction curve stabilizes for 10 and 50 N
load, respectively. This behavior is attributed to the breaking of
asperities and increase in the real area of contact. The sharp
peaks observed in the friction curves are due to third-body

Fig. 4 Effect of molybdenum disulfide content on compression
strength

Fig. 5 Effect of molybdenum disulfide content on COF

Fig. 6 Frictional characteristics of AA7075/Si3N4/MoS2 at 1 m/s:
a) at 10 N load and b) 50 N load
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abrasion or due to breaking of the protective film. As evident
from Fig. 6(a) and (b), comparatively stable curves can be
observed in the case of 50 N load in comparison with 10 N
load. Further, it can be observed that at lower loads, MoS2 is
more effective in lowering friction than at higher loads.

Figure 5 shows that with an increase in the normal load, the
COF increases. This increase in the COF may be attributed to
the increased locking of the asperities due to increase in the
contact pressure. The breaking of the tribofilm/solid lubricant
film due to an increase in the contact pressure also leads to an
increase in COF (Ref 31). In the case of MoS2 composites, it
was observed that the increase in COF is sharp at low loads (10,
20 N), compared to an increase at higher loads (40 N, 50 N). A
similar trend for the graphitic composites was also observed
which is primarily due to the similarity in the chemical structure
and solid lubrication mechanism of graphite and MoS2 (Ref
32). An increase in the interface temperature at the higher loads
leads to softening of the material at the interface and thereby
increases the chances of adhesion (Ref 33). This behavior also
contributes to the increase in the COF.

3.4 Influence of Speed on COF

The friction curves of different composites corresponding to
1, 4 and 7 m/s at a constant load of 30 N are presented in
Fig. 7, 8, and 9, respectively. The steady state in the case of 1
and 4 m/s is reached at around 200 m as against 300 m in the
case of 7 m/s. Smoother curves corresponding to 4 and 7 m/s
are observed in comparison with 1 m/s. This behavior suggests
that MoS2 is a good candidate as a solid lubricant additive for
higher speeds also. In addition to this, stable curves are
observed in the case of composites with MoS2 content in
comparison with 0 wt.% MoS2 composites. This behavior may
be attributed to the lubricity of MoS2.

Figure 10 shows that with a rise in the sliding speed, the
COF decreases. This decrease is due to softening of the material
due to frictional heating at the tribocontact. Some researchers
have opined that higher temperature results in oxide formation.
The oxide formed therein results in lower COF.

3.5 Effect of MoS2 on Wear

The wear loss is a function of microhardness of the
composites and the film formation capability of MoS2. It can be
observed from Fig. 2 that the microhardness decreases with an
addition of the MoS2. The decrease in microhardness leads to a
decrease in the wear resistance, whereas the film formation
capability improves the wear resistance as the solid lubricant
film prevents the direct contact between the sliding surfaces and
prevents further removal of material. It can be concluded that
the film formation capability of MoS2 dominates the effect
caused by decrease in the microhardness (Ref 20) leading to an
overall increase in the wear resistance. Figure 11 shows that for
all compositions with MoS2, the wear loss decreases; however,
at low loads (10 and 20 N), 2wt.% MoS2 is enough to form a
film and wear loss is least at 2 wt.% MoS2. Contrary to this, at
higher loads (40 N and 50 N), it can be concluded that due to
higher contact pressure, 2 wt.% MoS2 is not sufficient to form a
stable film; therefore, the composites with 4 wt.% MoS2 exhibitFig. 7 Friction characteristics corresponding to speed of 1 m/s at

30 N

Fig. 8 Friction characteristics corresponding to speed of 4 m/s at
30 N

Fig. 9 Friction characteristics corresponding to speed of 7 m/s at
30 N
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better wear resistance. The schematic representation presented
in Fig. 12 shows the mechanism of the MoS2 added in the
composite in improving the tribological properties. The MoS2
particles coming out in the form of wear particles get adhered to
the counterface and aid in the film formation.

3.6 Effect of Load on Wear

From Fig. 11, it is clear that the increase in load leads to an
increase in the wear loss for all the composites. This increase in
the wear loss is in accordance with the Archard�s wear law
(Archard 1953). This behavior may be attributed to the
breaking of the asperities and thereby increasing material loss.
The increase in the load leads to the penetration of harder
counterface into the softer pin material. Moreover, the subsur-
face crack initiation also triggers material delamination (Ref
34). The increase in contact pressure also leads to softening of
the material. This softening leads to more material loss (Ref
35). A transition in the behavior can be clearly seen at 30 N
load as in the case of 10 and 20 N loads the minimum wear loss
is exhibited by 2 wt.% MoS2 whereas in the case of 40 N and
50 N 4 wt.% MoS2 exhibits the minimum wear loss. Higher

loads result in breaking of tribolayers; hence, the effectiveness
of the solid lubricant is lowered in improving the wear
resistance.

3.7 Influence of Speed on Wear

Figure 13 shows the wear behavior at different speeds
wherein it can be seen that the wear rises with an increase in
speed. This effect may be attributed to the rise in the plastic
deformation in the sliding direction due to rise in the speed.
This plastic deformation leads to material delamination and
thereby increase in the wear loss. The thermal softening due to
an increase in the interfacial temperature also contributes to the
increased wear loss. Moreover, deeper plowing and delamina-
tion marks can also be observed in the case of higher speeds
from SEM analysis. The SEM analysis further suggests a
transition in the wear mechanism from mild to severe. The
delamination pits also act as active sites of progressive wear.
Also during sliding at higher speeds, when the interface
temperature crosses the critical temperature, the tribolayers over
the softer bulk material are damaged during sliding, which
renders the material in direct contact with the counterface.
Further, a new layer formation over a relatively hotter and
softer matrix becomes difficult (Ref 36).

Fig. 10 Influence of speed on coefficient of friction (COF)

Fig. 11 Effect of molybdenum disulfide content on wear loss

Fig. 12 Schematic representation of the mechanism of lubrication
and the tribopair

Fig. 13 Influence of sliding speed on wear loss
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3.8 Worn Surface Analysis

Figure 14, 15, 16 and 17 presents the SEM images of the
different composites corresponding to different sliding speeds.
It can be seen from Fig. 14 that in the case of composites with 8
wt.% Si3N4 abrasion is the dominant wear mechanism and the
severity of the abrasion marks increases as the speed increases.

In the case of the composites with 2 wt.% MoS2 (Fig. 15), it
can be seen that a combined mild abrasion and delamination
wear mechanisms are prevalent. It can also be seen from
Fig. 15 and 16 that as the percentage of MoS2 in the composites

Fig. 14 SEM image of worn samples of AA7075/8 wt.% Si3N4

composite at (a) 1 m/s, (b) 4 m/s, (c)7 m/s corresponding to 30 N
load

Fig. 15 SEM image of worn samples of AA7075/8 wt.% Si3N4/2
wt.% MoS2 composite at (a) 1 m/s (b) 4 m/s (c)7 m/s corresponding
to 30 N load
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increases, the wear mechanism changes from abrasion toward
delamination. It can also be observed that an increase in the
MoS2 content leads to the smoothening of the worn-out
grooves at all speeds. It can be observed that an increase in
speed leads to an increase in the depth of the grooves and the
plastic deformation in the direction of the sliding. Some mild
cracks can also be observed, which act as sites of material loss.

This behavior shows that MoS2 plays a significant role in
lowering the COF. This is primarily due to lubricity of MoS2.
Some wear debris can also be seen in the worn surfaces as
indicated in the images. Figure 18 presents EDS of the worn-
out sample, which indicates the oxide formation and mechan-
ically mixed layer (MML) formation. The traces of the
counterbody material (Fe) in the EDS of the worn sample

Fig. 16 SEM image of worn samples of AA7075/8 wt.% Si3N4/4
wt.% MoS2 composite at (a) 1 m/s, (b) 4 m/s, (c)7 m/s
corresponding to 30 N load

Fig. 17 SEM image of worn samples of AA7075/8 wt.% Si3N4/6
wt.% MoS2 composite at (a) 1 m/s, (b) 4 m/s, (c) 7 m/s
corresponding to 30 N load
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suggest a transfer of material from the countersurface. Further,
the piercing of the sharper wear debris particles into the softer
pin also aids in the formation of MML. The MML aids in
lowering friction and improving the wear resistance by
preventing metal-to-metal contact (Ref 37).

4. Conclusions

AA7075/Si3N4/MoS2-based composites have been success-
fully cast. The density of the developed composites increased
with an increase in the MoS2 content. The mechanical
properties of the developed composites exhibited a decreasing
trend with a 16% decrease in the microhardness and a 36%
decrease in the compression strength. A 37% decrease in the
COF was also observed with an increase in molybdenum
disulfide (MoS2) content. This decrease in the COF is more in
comparison with composites with graphite as the solid lubri-
cant. With an increase in the normal load, COF exhibited an
increasing behavior.

The wear loss also exhibited an increasing trend with an
increase in normal load as well as speed. The composites with 2
wt.% MoS2 exhibited minimum wear loss at lower loads,
whereas in the case of higher loads 4 wt.% MoS2 exhibited
minimum wear loss. The worn surface analysis exhibited a shift
of wear mechanism from severe abrasion toward mild abrasion
in the case of composites with higher content of MoS2. EDS
also revealed the formation of mechanically mixed layer
(MML) and oxide formation. The testing revealed that the
developed composites could serve various sliding wear appli-
cations wherein higher sliding speeds are prevalent.
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