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Abstract

Molybdenum disulphide (MoS,) is widely used in tribological applications because of its solid lubricating properties.
However, its performance needs to be further improved. In this work, an attempt has been made to improve the tribological
performance of MoS, coating by incorporating TiO, nanoparticles as a reinforcement material into the MoS, base matrix.
The effects of crystallite size and wt.% addition of TiO, onto the tribological properties of composite MoS,-TiO, have
been studied. Prior to application of the coating onto the substrate surface, it was pre-treated by phosphating which leads to
improvement in the porosity and helps to enhance the bond strength between the coating and steel substrate. A tribological
study of composite pure MoS, coating and MoS,-TiO, coating was carried out using the pin-on-disc test rig at different
operating conditions (contact pressure, speed and temperature). It was observed that composite MoS,~TiO, coating exhibits
excellent tribological properties as compared to pure MoS, coating. In addition, crystallite size of TiO, and its different
weight% significantly affect the tribological properties of the composite coating. Among all samples of composite MoS,-TiO,
coating, the sample C (27.69 nm crystallite size) with 15% wt. of TiO, depicts the lowest friction coefficient and wear rate.
The influence of temperature and coating thickness on the tribological properties of composite coating has been studied.
The frictional coefficient has been reduced, and the wear rate increased with an increase in temperature of the coated pin
surface. The similar kind of trend has been observed with respect to the coating thickness.

Keywords Coating - Composite - Molybdenum disulphide (MOS,) - Titanium dioxide (TiO,) - Tribological properties
Solid lubricant

1 Introduction

The interacting machine components experience friction
and wear; this eventually leads to power loss and reduction
in operating life. Out of the total world’s power consump-
tion, 23% is consumed by tribological contacts. Among the
23% power consumption, 20% is consumed to overcome
the friction, while 3% is consumed during the replacement
of the worn parts [1]. With the use of advancement in the
technology such as surface modification (i.e. coating) and
lubrication (usage of different oils and greases), an improved
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tribological response can be achieved. Eventually, this helps
to reduce fuel consumption, maintenance and lifetime costs
of the machine components. There are a lot of applications
where the usage of liquid lubricants has limitations such
as space applications (where gassing under high vacuum,
high temperature circumstances occurs), food and textile
industries (where contamination of the product is likely to
take place), machining operations, machine components
and automotive industries (where liquid lubricant is cost-
lier) [2-4]. Nowadays most of the researchers focus on the
usage of soft coating (i.e. solid lubricant) for improving the
performance of the machine components having a sliding/
rolling motion by reducing its friction and wear.

Since the solid lubricant has a tendency to get shear out
easily, it offers better lubrication and possesses a low fric-
tion coefficient (COF). The examples of solid lubricants are
soft metals (i.e. In, Pb, Sn, Ag and Au), inorganic layered
compounds (i.e. MoS,, HBN and graphite) and polymers
such as Teflon [5]. The inorganic layered compound offers
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lower friction due to its anisotropic layered structure, i.e.
covalent bonding and weak Van der Waals forces between
the adjacent lamellae. For many years, molybdenum disul-
phide (MoS,) has been considered as a popular solid lubri-
cant [6], and still, many researchers are interested to deter-
mine its functionality for space applications [7-9]. Due to
its lamellar structure and easy shearing ability, it provides
better tribological properties at the contacting surfaces [10].
In lamellar structure, the basal plane orientation becomes
parallel during the steady-state sliding motion which leads
to the generation of transfer layers (002-orientation) [11].
Moreover, the parallel basal plane slides one over the other
by inter- as well as intra-crystalline slip, which produces
easy shear.

Generally, all solid lubricants, specifically MoS,, have
been applied using different techniques like bonding, bur-
nishing, thin-film coating, particle embodiment and so on
[12, 13]. Bonding is one of the methods used for the com-
ponents and parts that are inaccessible for lubrication after
assembly of the machinery. Burnishing is the simplest and
economical process in which a very thin film up to 1 pm
thickness can be applied by rubbing the dry lubricant pow-
der into the surfaces requiring lubrication. In case of parts
having close-fitting tolerance, thin films are applied using
this process. The particle embodiment is the most commonly
used method for producing a self-lubricating coated layer on
metal surfaces. The thin-film coatings are produced using
commercial methods such as PVD and CVD. These are
costlier and used in case of an application where very fine
thin films required to deposit with precision [14, 15]. From
past few years, many researchers focussed on the bonded
solid lubricants (BSL) since these are economical, easy to
apply and having better tribological properties. Due to these
advantages in the present study, BSL has been employed as
a coating material.

For automotive applications, most of the engine parts
which are having relative motion are made of grey cast iron.
In order to investigate suitable solid lubricant, Vadiraj et al.
[16] have selected four different solid lubricants like MoS,,
graphite, boric acid and TiO,. To simulate the performance
of a coating in real conditions, the experiments are carried
out on pin-on-disc test rig at different load and speed con-
ditions. From the test results, a 30-50% reduction in wear
was observed in case of MoS, and graphite as compared
remaining lubricants at all sliding velocities because of
their excellent lubricity and adherence. However, boric acid
indicates higher wear and COF due to the transformation of
boric acid to abrasive boric oxide. In another study, Asmoro
et al. [17] employed particle incorporation method to investi-
gate the effect of solid lubricants such as MoS, and graphite
on brake lining composite at different sliding speeds and
contact pressure. Three samples of brake lining composites
were prepared with the addition of various percentages of
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MoS, and graphite. The experimental findings show that
MoS, provides better lubrication performance as compared
to graphite.

The direct application of solid lubricant onto the substrate
surface leads to poor adhesion. Many researchers started to
employ different pre-treatment processes such as shot blast-
ing, phosphating and salt-bath nitriding to improve the bond
strength between substrate and coating [18]. As per the pre-
viously reported literature, phosphating is mostly used as
a pre-treatment process as it helps to enhance the bonding
between the substrate and coating by improving the porosity
level [19-21]. To ensure the benefits of the phosphating pro-
cess, Shankara et al. [22] fabricated a composite coating of
MoS,/Zr0O, with different weight percentages of ZrO, onto
the phosphated steel substrate. Their study shows that 8%
of ZrO, in MoS, base matrix provides excellent tribological
properties as compared to pure MoS,. A number of studies
have demonstrated that, by proper design and with the use of
an advanced tribological coating such as nanocomposite and
multilayer (MoS,/Pb-Ti [23], MoS,—Ti [24-26], MoS,—ZnO
[27], MoS,/WSe, [28]), the tribological and corrosive prop-
erties can be significantly improved.

Till now, the attempts have been made to enhance the
tribological properties of the bonded MoS, coating with dif-
ferent compositions of metals (MoS,/Pb—Ti, MoS,-Ti), sele-
nide (MoS,-WSe,) and oxides (MoS,-Zn0O, MoS,-Zr0O,).
The tribological behaviour of such composites is still dra-
matic in nature, and meticulous examination of the contact-
ing surfaces coated with such composite films (with different
wt.% addition and crystallite size of other doping material
into MoS, base matrix) under various operating conditions
is still needed.

In the present study, a tribological analysis of developed
composite coating MoS,—TiO, (with in-house synthesized
TiO, having different crystallite sizes and with different
wt.% addition) was carried out on pin-on-disc test rig under
different operating conditions like contact pressure, speed
and temperature. The influence of coating thickness on the
tribological characteristics of the composite coating is also
studied. Eventually, the findings of this study will enable us
to understand the effect of microstructure of coating and its
composition on the tribological properties of the composite
coating.

2 Materials and characterization techniques
2.1 Materials

The substrate material is AISI 52100 steel. The hardness
of material is 210 HV. The steel material is prepared with

dimensions 12 mm diameter and 25 mm length. Chemical
composition of the substrate material is given in Table 1.
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Table 1 The composition of steel material used for substrate

Table 2 Crystalline sizes of different TiO, samples prepared

Fe Cr C Mn Si Ni

96.75 1.50 1.00 0.30 0.25 0.20

The phosphating is used as a pre-treatment process on
the pin surfaces to enhance the bond strength between coat-
ing and substrate. For this, the required chemicals such as
phosphoric acid (H;PO,), magnesium carbonate (MgCO,),
sodium nitrate (NaNO,) and sodium hydroxide (NaOH) were
purchased from Sigma-Aldrich Ltd., Mumbai, India.

For depositing MoS, coating, the MoS, powder (with size
70-90 nm) was acquired from Sisco Research Laboratories
Pvt. Ltd., Mumbai, India. In order to prepare the composite
MoS,-TiO, coating, the TiO, powder has been synthesized
in-house. The different chemicals required for synthesiz-
ing the TiO, powder, such as titanium tetra isopropoxide
(TTIP), acetone, methanol and sodium hydroxide (NaOH),
were brought from S. D. Fine Chemicals Ltd., Mumbai,
India. In order to study the effect of different crystallite sizes
of TiO, on the tribological performance of the composite
MoS,-TiO, coating, the different crystallite sizes of TiO,
powder are synthesized in-house. For the synthesis of TiO,
nanopowder, the procedure followed which was reported
by Hernandez et al. [29]. The reaction was initialised by
mixing 10 mL of titanium tetraisopropoxide (TTIP) with
2 mL of acetone and 2 mL of methanol in a 300-mL beaker.
This mixture was kept in an ultrasound reactor. The ultra-
sound reactor was initially set for 30 min which was further
extended as per the requirement. A 50 mL NaOH solution
was added drop-wise after the initial mixing of TTIP solu-
tion, methanol and acetone. The sonication was continued
even after the complete addition of NaOH to ensure a 100%
conversion of TTIP. The final product formed in the form
of white precipitate was then filtered, dried and calcinated
at 500-700 °C for 5 h. In order to obtain TiO, powder with
different crystallite sizes, the same process was followed by
using conventional magnetic stirrer.

In general, the binder is used to hold together the coat-
ing material on the substrate surface. In the present work,
sodium silicate (Na,SiO5) is used as a binder to hold together
the pure MoS, and composite MoS,-TiO, coatings on the
substrate surface.

2.2 Characterization techniques

2.2.1 X-ray diffraction analysis

Powder X-ray diffraction (XRD) were analysed and
recorded with a Bruker D8 Advanced X-ray Diffractometer

(Cu-Ka radiation, k=0.154056 nm). The samples were
analysed in the continuous scanning mode in the 26 range

TiO, sample 26 FWHM in Average
radian crystallite size
(nm)
Sample A 255 0.09 90.1
Sample B 25.3 0.19 44.1
Sample C 25.2 0.31 27.1

of 20-80°, using a scan rate of 0.001° s~ and used for
the estimation of the crystallite size of the prepared TiO,
powder (as per the standard Rutile, JCPDS No. 21-1276).

By observing the XRD patterns, the average crystallite
sizes of the synthesized TiO, nanoparticles were estimated
using the Scherrer equation [30].

kA
" Bcosb 1)

where D is crystallite size in nm, k is shape factor con-
stant, which is 0.89, g is the full width at half maximum
(FWHM) in radian, 4 is the wavelength of the X-ray which is
1.540598 nm for Cu target Ka radiation and @ is the Bragg’s
diffraction angle.

The sample A is prepared using conventional magnetic
stirrer, while samples B and C using ultrasound reactor
and their crystallite sizes are calculated by Scherrer equa-
tion. The sizes of synthesized nanoparticles are displayed
in Table 2.

2.2.2 Surface topography

The surface topography of the pin (before pre-treatment
process) and the counter face disc surface (before wear
test) was measured using the Surtronic S-100 (Taylor
Hobson) Series Surface Roughness Tester. To perform the
surface roughness measurements, a measuring tip with a
rounding radius of 2 pm was used. The required surface
roughness is achieved by polishing with different grades
of silicon carbide papers.

2.2.3 Scanning electron microscopy (SEM)

The morphological study of the coated specimens before
and after wear tests was examined by scanning electron
microscopy (SEM) in a higher-resolution field emission
gun microscope, Hitachi-4800 (Tokyo, Japan), equipped
with an energy-dispersive X-ray analysis (EDAX) detec-
tor (Bruker, XFlash4100, Billerica, MA, USA). The coat-
ing thickness was also measured by cross-sectioning
SEM.
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2.2.4 Vickers microhardness test

The microhardness of the coated samples was measured
using ECONOMET VII-1 MD Microhardness tester sup-
plied by Chennai Metco Pvt. Ltd., (Chennai, India) equipped
with testing force range 10 gf to 1000 gf and automatic load-
ing—unloading dwell period 50—60 s. The maximum resolu-
tion is 0.0625 pm.

3 Preparation and deposition of the coating
3.1 Pre-treatment process

As per the previous findings, different pre-treatment pro-
cesses such as salt-bath nitriding, sand-blasting, shot peen-
ing, microarc oxidation, phosphating and abrasive blasting
process were being used. Among these, more emphasis was
given on the phosphating as it creates microporous which
helps to trap the solid lubricant into the interstices between
the phosphate crystals which results in enhanced bonding
strength [31-33]. This advantage makes it a promising pre-
treatment, to use in this tribological study. The phosphating
process was carried out as reported by Pokorny et al. [34]
which involves different steps such as degreasing, pickling,
rinsing, phosphating, rinsing and drying.

The substrate surface before phosphating and after phos-
phating is shown in Fig. 1. In Fig. 1b phosphate microporous
is observed, which acts as a reservoir for solid lubricant as
well as it enhances the bond strength.

The pin substrate surface before phosphating was pol-
ished with a series of different grades of polish surface such
as 220, 600 and 800 grit size. After polishing the surface
roughness was measured at different locations using surface
roughness tester. The average surface roughness value (Ra)
was observed to be 0.4 pm. Further, phosphating process

Fig. 1 Substrate surface a
before phosphating and b after
phosphating
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was carried out on the polished specimens by the action of
phosphating solution. In the similar way after phosphating
the surface roughness was measured at different locations
using surface roughness tester. The average surface rough-
ness value (Ra) was observed to be 1.9 pm. The pure MoS,
and composite MoS,-TiO, coating was deposited on these
phosphated samples.

3.2 Deposition of pure MoS, and composite (MoS,-
TiO,) coating on substrate surface

The pure MoS, and composite MoS,~TiO, coatings were
bonded onto the substrate surface using sodium silicate
(Na,Si05) binder. Initially at the time of preparing the mix-
ture, it has been observed that lesser amount of Na,SiO;
fails to absorb the powders, while higher amount leads to
poor adhesion. After repeating a number of trials, optimum
proportions of MoS, and Na,SiO; for pure MoS, coating
have been finalized (by wt.% 1:2.2), whereas for composite
coating the wt.% of TiO, varied from 5 to 25% into the MoS,
matrix and in accordance the proportion of Na,SiO; were
varied. The prepared coating was deposited onto the pre-
treated steel samples by bonding technique [22]. Finally, the
coated samples were dried and cured at 150 °C for 2 hin a
furnace. After deposition of the composite MoS,-TiO, coat-
ing, the surface roughness of the coated surface is measured
using surface roughness tester. The average surface rough-
ness value (Ra) is observed to be 1.2 pm. Figure 2a, b shows
the EDX spectrum and mapping analysis for different ele-
ments present in the pure MoS, and composite MoS,-TiO,
coating (with TiO, sample C and 25 wt.%). The initial spec-
trum (a) represents different elements which constitute for
MoS, coatings such as Mo, S, Na, Si and O, while the other
spectrum (b) shows traces of Ti along with above mentioned
elements.
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Fig.2 EDX spectrum and mapping analysis for different elements constituted in a pure MoS, coating and b composite MoS,-TiO, coating (25

wt.% of TiO, sample C)

4 Experimental analysis

The tribological study of the coated pin samples is carried
out at different contact pressure, speed and temperature
conditions using the pin-on-disc test rig provided by Mag-
num, India, referring to ASTM Standard G99-95 [35]. A
schematic set-up of the pin-on-disc test rig is shown in
Fig. 3. The substrate material for the pin used in this study
is AISI 52100 steel. The pin is having flat end (12 mm
diameter and 25 mm length), whereas the disk is made up
of EN-31 steel material (165 mm diameter and thickness
of 8 mm). After wear test, the pin surface is examined
under an optical microscope (Model QX-4RT) which is
equipped with different magnification lens (4%, 10x, 20X,
40x%, 100x).

Before performing each test, the disc surface was
cleaned using acetone and then dried thoroughly. The
tests have been performed as per the detailed test param-
eters, and the operating conditions are mentioned in
Table 3.

The weight loss, i.e. the difference between initial
weight and final weight, is used to estimate the wear rate
of the coating. In order to get the reliable data, each exper-
iment was repeated three times. The COF and wear rate are
estimated using the following equations [27].

Ff
AW
WR =
xd. 3)

where F; is friction force in N, F is the normal load in N,
AW is the weight loss of the coated pin in g, p is the density
of the coated sample in g mm™ and d is the sliding distance
in m, which was calculated from sliding velocity v (m min™")
and sliding time # (min).

5 Results and discussion

5.1 Effect of crystallite size and different wt.%
of TiO, on COF and wear rate

It can be observed that the crystallite size of TiO, has mar-
ginal effect on the magnitude of COF and wear rate, whereas
with the wt.% addition of TiO,, contact pressure and slid-
ing speed show a significant effect on the magnitude of
COF and wear rate. The effect of crystallite size and wt.%
addition of TiO, on COF and wear rate at different contact
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Fig.3 Pin-on-disc tribometer
schematic set-up
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Table 3 Test parameters and ranges

Sr. no. Parameters Operating conditions

1 Contact pressure 176, 442, 707 kPa

2 Sliding speed 1,2,3ms™!

3 Track radius 40 mm

4 Sliding distance 3000 m

5 Temperature RT, 100, 200, 300, 400 °C

pressures, i.e. 176 kPa, 442 kPa and 707 kPa with sliding
speeds 1 m/s, 2 m/s and 3 m/s, is represented in Figs. 4,
5 and 6. The experimental results have shown that, at low
contact pressure and low speed (i.e. 176 kPa and 1 m/s) com-
posite MoS,-TiO, coating (TiO, sample B with 15 wt.%
addition) exhibits 27% reduction in COF compared with
pure MoS, coating, whereas composite MoS,-TiO, coating
(TiO, sample C with 15 wt.% addition) demonstrates 39%
improvement in wear rate compared with pure MoS, coat-
ing. Similarly, at high contact pressure and high speed (i.e.
707 kPa and 3 m/s) composite MoS,-TiO, coating (TiO,
sample C with 15 wt.% addition) exhibits 50% reduction in
COF and 61% improvement in wear rate, respectively, as
compared to pure MoS, coating.

The pure MoS, coating (denoted by 0 wt.% of TiO,)
shows higher values of wear rate and COF as compared to
other samples due to poor bonding between the substrate
and coating, and the coating worn out at a faster rate from

@ Springer
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the substrate (Fig. 7a). This is in line with the previous lit-
erature [22, 23] where they reported that pure MoS, coat-
ing possesses low wear resistance due to which it exhibits
higher wear rate. The addition of TiO, into the base matrix
of MoS, coating material improves the tribological proper-
ties of coated sliding contact. However, the higher concen-
tration of doping material leads to improper mixing between
the additive and base matrix which results in poor bonding
due to which a reverse trend in the tribological properties
was observed [26].

Figure 7 shows the pin surfaces after a tribological test
carried out on pure MoS, and composite coating of MoS,
with different wt.% of TiO, (sample C). In composite coat-
ing with the addition of TiO, up to 15 wt.%, the coating still
remains present on the pin surfaces. The coating strongly
adheres to the substrate surfaces as depicted in Fig. 7b,
¢ which resulted in lower values of COF. As the wt.% of
TiO, increases beyond 15%, the excess TiO, particles are
not well mixed in MoS, matrix which may lead poor bond-
ing between them. Due to this, coating worn out at a faster
rate from the substrate as shown in Fig. 7d and leads to an
increase in COF as well as wear rate. Furthermore, in order
to understand the reason behind the increased wear rate,
microhardness test was performed.

The hardness values of coated sample with synthesized
TiO, sample C are mentioned in Table 4.

From the microhardness test, it is observed that with the
increase in wt.% of TiO, from 5 to 25%, the hardness of
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Fig.4 Effect of addition of different wt.% of TiO, on COF and wear rate at a 176 kPa, b 442 kPa, ¢ 707 kPa contact pressure with 1 m s~ slid-

ing speed

the coating increases. As the wt.% of TiO, increases, more
number of particles entrapped into MoS, matrix which
results in improved hardness [24]. This helps to improve

the wear resistance. However, as the wt.% of TiO, increased
beyond 15%, it starts deteriorating the tribological perfor-
mance. Beyond 15 wt.% of TiO, even though the hardness
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Fig. 5 Effect of addition of different wt.% of TiO, on COF and wear rate at a 176 kPa, b 442 kPa, ¢ 707 kPa contact pressure with 2 m s~ slid-
ing speed

is increasing, at the same time the coating becomes brittle As from the obtained results, composite MoS,-TiO, coat-
and ruptures which lead to deteriorating the performance of  ing developed using different wt.% of TiO, and crystallite
the coating. size, 15 wt.% of TiO, with lower crystallite size 27.69 nm
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Fig.7 Pin surface after wear
test a pure MoS, and composite
MoS,-TiO, coating, b 5 wt.%
of TiO,, ¢ 15 wt.% of TiO,, d
25 wt.% of TiO, (with TiO,
sample C)

Thin layer of coating

Table 4 Microhardness values
of coating comprised of
different wt.% of TiO, 5% 10% 15% 20% 25%

Vickers microhardness in HV

199 275 314 365 49.7

(i.e. sample C) depicts the lowest COF and wear rate. Hence,
for further analysis coating with this composition is taken
into consideration to study the influence of temperature as
well as coating thickness on the tribological characteristics.

5.2 Influence of temperature on COF and wear rate

The influence of temperature on the tribological perfor-
mance of the composite MoS,-TiO, coating is depicted in
Fig. 8. It has been observed that COF decreases with respect
to temperature and vice versa for wear rate. For other com-
binations of contact pressure and speed conditions, the trend
followed by COF and wear rate is almost similar in nature.
The microscopic analysis of the surfaces shown in Fig. 9
depicts that when solid lubricant operated at higher tempera-
tures, more amount of coating layer transferred from the pin
surface to the counter disc surface and concentrates in the
contact region. This worn-out material from the pin surface
helps to form a tribolayer on to the track which enables the
easy shear results in lower COF values. On the other hand,

@ Springer

0.30 —m— COF 12
—%— Wear rate ’
0.25- / E
1)
%/% 1.0 g
L 0.20 =
(@) [0)
© ©
0.15 i 0.8 5
@ o)
0.10 +
i 0.6
0.05 T T T T
0 100 200 300 400

Temperature (°C)

Fig.8 Influence of temperature on COF and wear rate at 707 kPa
contact pressure and 3 m s~! sliding speed

more amount of coating layer transferred to the counter disc
surface results in increase in wear rate as depicted in Fig. 9.
The wear rate increases with temperature could be due to
oxidation, as at high temperature formation of harder MoO,
film takes place which favours for asperity contact and
removal of the coating due to ploughing [5, 36, 37]. Hence,
for the composite MoS,-TiO, coating from the optimum
tribological performance it is better to operate up to 100 °C,
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Fig. 9 Disc and pin surface a before test and after wear test, b RT, ¢ 100, d 200, e 300 and f 400°C at constant contact pressure 707 kPa and

3 m s~! sliding speed at different temperatures
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Fig. 10 Influence of coating thickness on COF and wear rate at
707 kPa contact pressure and 3 m s~! sliding speed

after which in comparison with COF the wear rate increases
at higher rate.

5.3 Influence of coating thickness on COF and wear
rate

The effect of coating film thickness on the COF and wear
rate is shown in Fig. 10. It was found that the coating film
thickness has a significant effect on the tribological proper-
ties. The COF decreases with an increase in coating film
thickness, whereas the wear rate increases. These findings
are in line with previous studies [22, 38, 39]. The EDX
analysis has been carried out to understand the behaviour of
coating film thickness on the tribological properties.
Figure 11 shows the EDX spectrum and mapping analy-
sis for different elements present in composite MoS,-TiO,

coating with 108 um thickness. The EDX analysis was car-
ried out before and after wear test for a coated sample. The
initial spectrum (a) represents different elements which con-
stitute for coatings such as Mo, S, Ti, Na, Si, O, P and C,
while the other spectrum (b) shows some traces of Fe along
with above-mentioned elements. The EDX analysis clearly
shows that in case of higher coating thickness the coating
wears out at a faster rate due to poor bonding strength. After
worn-out of the coating, asperity contact between the con-
tacting surfaces took place which can be confirmed with the
traces of Fe along with the other elements.

6 Conclusion

Within the scope of this study, a successful attempt has
been made for the development of composite MoS,~TiO,
coating material with different wt.% of TiO, and crystallite
size. The tribological properties of the developed composite
coating at different contact pressure, speed temperature and
coating thickness have been investigated. The test results
reveal that, in comparison with the application of pure MoS,
coating, the composite MoS,-TiO, coating exhibits excel-
lent tribological performance in all considered operating
conditions due to the synergistic effect of both MoS, and
TiO,. At ambient conditions, the introduction of TiO, into
the MoS, matrix helps to improve the bond strength with-
out spoiling the lubricating property of MoS, and in turn
leads to enhancement in the endurance life of the coating.
The crystallite size of TiO, is not influential on COF and
wear rate compared to wt.% addition of TiO,. However, at
high contact pressure and higher sliding speed, the sample
C (27.69 nm crystallite size) with 15% wt. of TiO, depicts
the lowest COF and wear rate. In addition, a positive effect
on COF and negative effect on wear rate are observed with

@ Springer
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Spectrum 1

(@)

Full Scale 3894 cts Cursor: 0.000 keV|

Spectrum 3

(b)

Fig. 11 EDX spectrum and mapping analysis for different elements constituted in composite MoS,~TiO, coating a before wear test and b after

wear test

the increase in the temperature of the coated pin surface. The
similar trend is also observed with the increase in coating
thickness.
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