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Abstract: The materials used for the piston cylinders of automobile engines, or the ring and tappets
of various mechanical components, are continuously experiencing lubricated sliding motions. These
surfaces are prone to damage due to the various tribological aspects of friction and wear. Hence,
enhancing their surface properties would contribute to increasing their life and saving energy and
resources. For many decades surface texturing and surface coating technology have been studied
to improve the surface tribological behaviours of the materials. In the present study, the steel
surface was textured with electrochemical processing (ECP) and post-coating with transition metal
dichalcogenides (TMD) using a molybdenum-selenium-carbon (MoSeC) film. A comparative study
was conducted to investigate the synergistic effect of surface texturing and coating to improve
frictional properties on the steel surface. The block-on-ring experiments were performed under
lubricated conditions to understand the improvement of COF at different lubrication regimes. It has
been seen that the MoSeC-coated circular patterns exhibited improvements in the frictional properties
at all the lubricated conditions if compared with smooth surfaces.

Keywords: ECP texturing; MoSeC coating; lubrication regimes

1. Introduction

Friction reduction in mechanical components is necessary to improve the tribological
properties that help in saving energy and resources. Many research groups across the
world have worked on friction reduction, thereby enhancing the tribological properties of
the materials by improving their surface properties [1-5]. Surface texturing is one of the
surface engineering techniques that play an important role in improving surface tribological
properties by enhancing the load-bearing capacity of the material under lubricated contact
conditions [6]. Producing the micro-dimple patterns on the material surface tends to create
hydrodynamic pressure at these dimples. This helps in the formation of thick lubricant
films on the surface between the solid—solid contact resulting in friction reduction at the
material interface [7-9]. There are different texturing techniques, such as laser surface
texturing (LST), micro-electro discharge machining (EDM), abrasive water jet machining,
and ion beam machining, among others. However, these techniques have their own
limitations, such as mechanical and thermal damage on the surface of the materials [10,11].
Additionally, some of these techniques form burrs and debris on the textured surface, which
could be solved using the ECP technique. The big advantage of this is that in the case of
ECP, the debris and the burrs which are formed are dissolved electrochemically [12]. The
texturing process with ECP was conducted through the anodic dissolution of the workpiece
through electrolysis. The material in the workpiece was removed atom by atom hence
replicating the desired pattern of the electrode [13]. Different researchers have studied
the improvements in tribological properties by implementing the texturing using the ECP
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method [14-16]. The friction reduction using the ECP technique was studied by Jung
won et al. [14]. They investigated AISI 440C steel specimens textured by the micro-ECP
method and observed a reduction in friction for the textured specimens compared to the
smooth specimen. Furthermore, studies on surface improvements were conducted, where
the surface and mechanical properties of the 304 stainless steel were improved by the
combination of two processes, micro-EDM and ECM, which also increased the efficiency of
the machine [15]. Chen et al. achieved a reduction in COF on micro dimple (ECP), textured,
and chrome-coated surfaces [16]. These studies confirm the important role of ECP texturing
in improving the tribological properties of the materials.

Surface coatings play an important role in improving the tribological performance of
materials, such as COF and wear rate. The importance of coatings in tribological contacts is
well documented in the literature and identified the role of coating in providing easy shear
mechanisms, hence solving the problems of liquid lubrication [17-19]. There are various
types of solid lubricant coatings, such as diamond-like carbon (DLCs), TMD, tungsten
carbide with carbon (WC/C) coatings, etc. Amongst these coatings, TMD coatings play
a vital role in contributing better frictional properties on the material surface [20]. TMD
coatings have the general formula X-M-X, where X stands for chalcogenides and M stands
for transition metal atom. Weak van Der Waals bonds help provide beneficiary tribological
properties, such as easy shear layers on the surface contact interface [21]. There are various
types of metallic members in TMD coatings, such as WS;, MoS,, MoSe;, etc., whose
properties have been studied and identified by various researchers for their contribution
to enhancing surface tribological behaviours [22-24]. The MoSe; has better oxidation
resistance, and combining this metal with the chalcogenides such as carbon (C) improves
the density, tribological, and mechanical properties of TMD coatings [25]. In a recent study,
T.B. Yaqui et al. investigated the properties of MoSeC solid lubricant coatings showing the
lowest COF of 0.025; hence, it showed the highest frictional stability in both humid air and
dry nitrogen environments [17]. A comparative study was conducted by T. Poovar et al. on
the tribological behaviour of the self-lubricating properties of WSC and MoSeC sputtered
coatings. It was noted that WSC films were more thermally stable, and MoSeC had the
lowest COFs in humid atmospheres [26]. Based on this reference, it was identified that
the MoSeC TMD coatings improved the material surface’s tribological properties, which
helped in various applications.

In the present study, an investigation of the surface tribological properties of steel
were performed using two surface modification techniques, i.e., texturing and coating. The
surfaces were textured with a circular dimple geometric pattern using the ECP technique
and were then post-coated with MoSeC and TMD films. The performance of these two tech-
niques was investigated to understand their contribution to improving frictional properties.
The comparative studies based on textured /non-textured surfaces and coated /non-coated
surfaces were performed to understand their individual roles.

2. Materials and Methods
2.1. Specimens Preparation: Texturing & Coating

The molybdenum-based high-speed AISI M2 steel specimens (Natrater, Marinha
Grande, Portugal) with a diameter of 24 mm and thickness of 7.9 mm were prepared for
texturing. The chemical composition of the steels specimen as well as the counter body
used during the tribological tests is shown in Table 1.

Table 1. Chemical composition of the specimens to be textured and coated and respective counter

body (in weight %).
Elements C Cr Mn Mo Ni A% Si \2Y
Specimen AISI M2 1.00 4.15 0.30 5.00 - 1.95 0.30 6.25
Counter Body  AISI 3415 0.17 0.75 0.55 - 3.25 - <0.20 -
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The specimens were polished using SiC abrasive papers from 500 to 2000 Grit and
diamond suspension of ~6 um until a surface roughness R, lower than ~0.04 pm was
obtained and was ultrasonically cleaned with ethanol and acetone (duration 15 min). After
cleaning, the specimens were textured using the ECP technique (PMM-Moldes, Maceira,
Portugal) with circular (C) geometric patterns. The textured specimens prepared with
this ECP technique are named ECP_Sc. The surface characterization of the specimen was
performed using the interferometer by R-tech instruments, and their texture dimensions
were obtained, as shown in Figure 1. Diameter (D) ~262 um, Dimple depth (Dg4) ~19 pm,
and the distance between two dimples (Ds) ~306 um. These dimensions are summarized in
Table 2.
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Figure 1. Surface profiles of the ECP textured specimens (ECP_S¢): (a) 3D surface image; (b) 2D
image; (c) Surface profile of one dimple.

Table 2. Dimensions of textured specimens with circular patterns.

Specimens D (um) Dg (um) Dg (um)
ECP_Sc 262.7 £ 3.5 194+ 14 306.6 + 3.2

Further, the textured specimens were cleaned to undergo coating deposition. The
TMD coating was performed using a closed-field unbalanced magnetron sputtering in a
semi-industrial unit (Teer Coatings Ltd., Droitwich, Worcestershire, UK) using MoSeC as
the coating material, as shown in Figure 2.

The deposition was performed in a vacuum chamber mounted with four targets
(340 x 140 x 8 mm) consisting of two graphite, one MoSe; target, and one Cr target for
the interlayer. The targets and textured specimens were first sputter cleaned in an Argon
(Ar) gas atmospheric medium at a pressure of ~0.5 Pa, then the deposition of the elements
was performed. The DC power supply (Advanced Energy’s Pinnacle, Denver, CO, USA)
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operated in the power control mode and was supplied to the targets and the substrates. The
MoSeC film thickness of ~1.8 um and hardness of ~4.3 GPa was obtained on the specimens.
The hardness measurements were performed in a depth sensing indentation equipment
(NanoTest platform, Micromaterials, Wrexham, UK). For film thickness measurements and
a commercial profilometer was used (Mitutoyo Surftest S] 500P profilometer, Elland, UK).
The coated specimens were placed on a profilometer platform so that the diamond tip
travelled across the surface of the sample during its movement. Since a mask was used to
prevent the entire sample from being coated, it is thus possible to determine a difference in
height between the coated and uncoated parts (film thickness) [17]. The coating parameters
are summarised in Table 3.

(b) Cr-target

MoSe-target
Carget

CHCEC
Q7725
CHENE

7 :(////.

C-target

Figure 2. Closed-field unbalanced magnetron sputtering equipment: (a) External view; (b) Schematic
picture from the targets inside the chamber.

Table 3. Coating parameters used for MoSeC coating.

Elemental Composition

Coati (At. %) Thickness Deposition Time Deposition Rate = Hardness
oating (um) (min) (nm/min) (GPa)
C Se 0 Mo Cr #
MoSeC 58.0 26.9 0.9 12.5 0.2 1.8 120 13.8 4.3

The characterization of the texture geometry of the tested and non-tested specimens
was performed using the interferometer, scanning electron microscope (FESEM-Zeiss
Merlin, Germany) with electron dispersive spectroscopy (EDS) to understand the reason
behind the improvement in the tribological properties.

The specimens are named as SO = smooth; S0O_MoSeC = smooth + coated; ECP_Sc = circular
dimple textured; ECP_Sc_MoSeC = circular dimple textured + MoSeC coated.

2.2. Tribology Testing

The coefficient of friction (COF) for the prepared specimens was determined using a
block-on-ring configuration in an in-house tribometer, as shown in Figure 3. The working
principle of this tribometer has already been described in previous works [27].
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m Norm_al Load

Figure 3. Tribometer used during experiments: (a) Schematic diagram of the block-on-ring configura-
tion; (b) Tribometer showing the two load cells (1—load cell to measure normal force, 2—load cell to
measure tangential force) and the contact conditions.

The rotating ring used in this setup was AISI 3145 steel with a diameter and width
of 150 mm and 12 mm, respectively. The chemical composition of AISI 3145 steel is given
in Table 1. The test was performed in fully flooded, lubricated conditions maintaining the
specimen stationary against the rotating ring by applying a constant load of 25 N. The ring
was submerged in the lubricated oil with a viscosity of 99 mPa.s at room temperature at
24 °C. The COF was measured using the attached load cells at nine different sliding speeds
ranging between 0.01 m/s and 0.47 m/s. One specimen was used for each case. However,
the COF value is an average of all the values acquired over the duration of the sliding test.
For each specimen and for the entire sliding speed range, the calculated COF was plotted
as a function of the Hersey number [28]. The understanding of the lubrication regimes was
also conducted by calculating the Tallian parameter (M), that is, the minimum film thickness
at the contact interface between the specimen and the ring divided by the composite surface
roughness [29]. The calculated values of the Hersey number (HN) and Tallian parameter
(A) are summarized in Table 4. In the identification of the lubricating regimes, it was
considered that for A <1, the lubrication regime was Boundary, for 1 < A < 3 mixed, and for
A > 3 hydrodynamic.

Table 4. Hersey number (HN), Tallian parameter (A), and different lubrication regimes as a function
of the sliding speed (m/s).

Speed (m/s) HN ) Lubrication Regimes
0.01 224 x107° 0.7 Boundary Lubrication (BL)
0.02 1.49 x 1075 1.1
0.03 1.12 x 1073 1.4 . .

Mixed Lubrication (ML
0.04 7.46 x 107 17 ixed Lubrication (ML)
0.07 3.73 x 107 25
0.12 1.87 x 10~° 4.4

—6

0.23 1.31 % 10_7 57 Hydrodynamic Lubrication (HL)
0.31 9.33 x 10 7.0
0.47 5.60 x 10~7 9.2

The greatest limitation of the block on the ring configuration test produced the small
contact width. For a further block on the ring, a reciprocating sliding test was conducted
to ensure a greater number of dimples on the contact, in which a 100Cr6 ring (R, lower
than ~0.04 pm) with 8 mm inner diameter and 11 mm outer diameter was used, sliding
against the S0 and ECP_Sc_MoSeC specimens. The applied force was 30 N, the stroke was
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2 mm, and the average linear sliding speed varied between 2.7 and 22.3 mm/s. The test
parameters are summarized in Table 5.

Table 5. Test conditions used in the reciprocating sliding test (lubricated with PAO 8—Polyalphaolefin
8, v40 = 46 mm?/s).

Test Load Frequency Sliding Distance Sliding Speed Sliding Time

(N) (Hz) (mm) (x1073 m/s) (s)
1 30 0.67 2000 2.7 746
2 30 1.25 2000 5.0 400
3 30 1.82 2000 7.3 275
4 30 3.40 2000 13.6 147
5 30 4.12 2000 16.5 121
6 30 5.57 2000 22.3 90

3. Results and Discussion
3.1. Friction Behaviour for Smooth and Smooth and Coated Specimens (S0 vs. SO_MoSeC)

Surface coating techniques are known to modify the surface properties of the materials,
thereby improving their tribological behaviours. In this study, the coating was performed
using TMD coating with MoSeC films, and their effects on the surface properties of the steel
specimens were tested. To understand their effects on tribological properties, the smooth
and coated specimen (S0_MoSeC) was compared with the smooth steel specimen (S0). The
Stribeck curves were plotted for these specimens using the COF data obtained from the
block-on-ring tests along with the calculated values of Hersey numbers.

The Stribeck curves are shown in Figure 4. The graphs show the performance of the
smooth, coated, and just smooth steel specimens in different lubrication regimes. There
was an improvement in frictional properties, as seen for the MoSeC coated specimen at
BL and HL regimes in comparison to the smooth specimen. The contribution of surface
coating reduced the friction at the solid—solid contacts, which occurred at the BL regime
and to worked as a solid lubricant. By contrast, the decrease in friction for the MoSeC films
was evident at the HL regime between 2.3% and 5.2%. According to previous studies, these
properties of the TMD coatings were found only in the case of the MoSeC films due to their
better tribological properties [30]. Most likely, during the mixed lubrication regime, the
sliding speed was not yet high enough for the film to have hydrodynamic effects with lower
friction. Additionally, at the same time, contact between surfaces was not close enough for
the coating to function as a solid lubricant.

0.12 — —
T -0 $0_MoSeC
0104 008
:
0.08 - 0.06 4
3 9 0.031 \%;5
Go06d °© |
:5 00 20%10¢ 4.0%10%
0041 % _ ,..-ﬁ:z:"':ti:'t'."'t:j::tttt:rt---.-.:ﬁ
A r——
* ----------- o
0.02{ ¥

0.0 5.0x10% 1.0x10° 1.5x10° 2.0x10°
Hersey Number (HN)

Figure 4. Stribeck curves for the SO and SO_MoSeC specimens.
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Thus, the contribution of the TMD surface coating for improving the frictional proper-
ties was observed at two lubrication regimes which proved the efficiency of these coatings
for fully lubricated applications. The percentage improvement of the SO_MoSeC specimen
with respect to the S0 specimen is tabulated in Table 6.

Table 6. Performance of the SO and SO_MoSeC specimens (positive values are decreases in friction
related to the smooth and uncoated specimen while negative values mean increases in friction).

Speed (m/s) 0.01 0.02 0.03 0.04 0.07 0.16 0.23 0.31 0.47
S0_MoSeC 11.9% 10.7% —25%  —148%  —9.1% —1.2% —1.5% 5.2% 2.3%
S0 - - - - - - - - -

3.2. Friction Behaviour for the Smooth vs. ECP Textured Specimens

The effect of texturing the specimen can be analysed by making comparative studies of
Stribeck curves for the smooth and textured specimen. Figure 5 shows the Stribeck curves
for the smooth S0 and ECP textured; ECP_S¢ specimen. From the Stribeck curves, it was
observed that the circular textured specimen ECP_Sc performed with lower friction than
the smooth specimen SO during most parts of the sliding speed range (between 0.01 to

0.4 m/s).
0.12
? --0-- SO_ECP
0104 :
0.08 +
S
© 0.06 -
0.04{ ¥ JIPRBEE 4
L e e et
*:-.' ....... IS o- .......
0.02 - e <

0.0 5.0x10° 1.0x10° 1.5x10° 2.0x10S
Hersey Number (HN)

Figure 5. Stribeck curves of the specimens S0 and ECP_Sc.

The percentage improvements of the specimen ECP_Sc in comparison to the SO smooth
specimen are tabulated in Table 7.

Table 7. Performance of the SO and ECP_Sc specimens (positive values are decreases in friction
related to the smooth and uncoated specimen while negative values mean increases in friction).

Speed (m/s) 0.01 0.02 0.03 0.04 0.07 0.16 0.23 0.31 0.47
ECP_Sc —09%  -239% = —60.0%  —48.1% 9.1% 17.8% 18.2% 21.0% 14.3%
S0 - - - - - - - - -

For the textured specimen, an improvement in the frictional properties in relation
to the smooth surface (S0) was seen mainly at the HL regime. For the ECP_Sc specimen
and rotational speeds from 0.07 m/s to 0.47 m/s, an improvement between 9% and 21%
was observed. As can be seen, the ECP_Sc specimen contributed to the friction reduction
in the HL regime, which proved that circular geometric patterns were best suited for
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lubricated sliding contact applications in a wider range of contact conditions. The texture
patterns retained the lubricants during the sliding motion and generated hydrodynamic
pressure with a lift-up effect, thereby providing improved lubrication. Furthermore, the
effect of the combination of both surface texturing and coatings was studied to understand
their synergistic behaviours in improving the tribological properties of the textured and
coated specimens.

3.3. Synergistic Effect of Coating and Texturing
3.3.1. Block on Ring

The synergistic effect of the texturing plus coating was studied due to its contribution
to improving the frictional properties of the steel specimens at two different lubrication
regimes (BL and HL). The tribological behaviour of the circular textured and circular-coated
specimens was compared with the smooth and only coated specimen to understand their
overall ability. This overall improvement in the tribological behaviour of ECP_Sc and
ECP_Sc_MoSeC specimens confirmed the synergy of surface modification techniques via
texturing and coating. Figure 6 shows the Stribeck curves for the specimens S0, SO_MoSeC,
ECP_Sc, and ECP_Sc_MoSeC, and the percentage improvement in the friction level of all
these specimens are summarized in Table 8.

0.12
, 0.12 :28 M
‘ --®--S0_MoSeC
i ‘_._ Y O ECP
0.10 - s ECP_MoSeC
“ v
A 0.08 - el
1 ’ -1
0.08 - o A
8 EI' 0.04 - ""l--.-.-.-,.. e
O 0.06 - ¢ Tellgin
5.0x107 1.0x10° 1.5x10° 2.0x10%
0.04 - 84
[
0.02 -

0.0 5.0x10° 1.0x10° 1.5x10° 2.0x10°
Hersey Number (HN)
Figure 6. Stribeck curves of S0; SO_MoSeC; ECP_S¢ and ECP_Sc_MoSeC.

Table 8. Percentage performance of the SO_MoSeC; ECP_Sc; and ECP_Sc_MoSeC specimens in
comparison to SO (positive values are decreases in friction related to the smooth and uncoated
specimen while negative values mean increases in friction).

Speed (m/s) 0.01 0.02 0.03 0.04 0.07 0.16 0.23 0.31 0.47

ECP_Sc_MoSeC 12.8% 42%  —250% —14.8% —45%  71% 9.1% 15.8% 7.1%

ECP_Sc —09%  —239% —60.0% —481%  9.1% 17.8%  182%  21.0%  14.3%

S0_MoSeC 119%  107%  —25%  —148% —91%  —12% —15%  52% 2.3%
S0 - - - - - - - - -

From the Stribeck curves shown in Figure 6, it can be observed that the ECP_Sc_MoSeC
specimen performed better than the smooth specimen, S0, and better than the smooth and
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coated specimen, SO_MoSeC, for rotational speeds between 0.16 and 0.47 m /s under the HL
lubrication regime and for 0.01 m/s, under the BL regime. Still, in relation to the uncoated
and textured specimen, ECP_Sc only had a lower friction behaviour for speeds between
0.07 and 0.47 m/s where a really synergistic effect existed. This clearly shows that the
synergistic effect of surface texturing and surface coating helps in modifying the frictional
properties for lubricated applications under controlled conditions.

Similar studies with respect to circular texture patterns using LST techniques were
studied, and the improvement in the load-bearing capacities of these dimples at the HL
regime was shown. The main reason for this improvement was the capacity to withstand
the lubricant at the sliding interface, which reduced COF values in the full-film lubrication
regimes [31]. Additionally, the solid lubricant properties of the MoSeC are an interesting
characteristic due to the molecular structures of the transition metal atoms. These structures
are very strong and are tightly packed with covalent bonding, and their atomic layers are
separated by weak van der Waals forces [32]. The strong atomic bonding of the TMD films
helps act as a solid lubricant at the sliding interface when there is an asperity and asperity
contacts during the BL regime. It can be seen clearly that the improvement in the circular
textured-coated ECP_Sc_MoSeC specimen was very promising in boundary lubrication
regimes in comparison to ECP_Sc. Thus, the lubrication properties on the steel surface
were improved by both surface modification techniques.

3.3.2. Reciprocating Sliding Test

Figure 7 shows the evolution of the COF with the sliding speed for the textured and
coated specimen (ECP_Sc_MoSeC) and smooth specimen (50). It can be seen that the COF
was always lower for the textured and coated specimen for the entire range of sliding
speeds tested; probably, a synergistic effect of texturing and coating also exists. During
the block-on-ring experiment, the contact area between the ring and the disc did not cover
enough textures (dimples) required to apprize a true improvement in the textures in all
lubricating regimes. To overcome this challenge, the reciprocating sliding experiment with
a pin-on-disc configuration was performed. Additionally, as expected, the result observed
in Figure 7 shows that there was an overall improvement for the tested low-speed values
(Table 9) that confirmed the synergistic effect of the texturing and coating, which was
especially evident for the boundary lubrication conditions (lower speed values).

0.14- ——S0
: ——— ECP_Sc_MoSeC

0.12 -
0.10 4
T8
O 0.08 4
o

0.06 4

0.04 -

0.02 -

6 8 10 12 14 16 18 20 22 24
Speed (m/s)

g

0 2

Figure 7. Evolution of the COF with the sliding speed for SO and ECP_Sc_MoSeC specimens
(lubricated with PAO 8).
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Table 9. Percentage performance of the ECP_Sc_MoSeC specimen in comparison to SO (positive
values are decreases in friction related to the smooth and uncoated specimen).

Speed (mm/s) 2.7 5 7.3 13.6 16.5 22.3
ECP_Sc_MoSeC 39.1% 25.6% 22.4% 18.4% 21.0% 20.9%
S0 - - - - - -

4. Characterization of the Wear Mechanisms from the Textured Specimen (ECP_S¢)
and Textured/Coated Specimen (ECP_Sc_MoSeC)

4.1. ECP_Sc Specimen

The textured specimen ECP_S¢ surface was analyzed on the SEM after the sliding test.
There was no measurable wear on the specimen surface because the number of rotating
cycles during the block-on-ring experiment was not sufficient enough to wear the specimen.
However, there were traces of minor scratches, as shown in Figure 8B,C. These scratches
on the textured surface were observed at the texture boundaries. Additionally, it was
observed that these texture boundaries were smooth, and during the sliding interaction
helped in supplying the lubricant from the texture storage area. This easy flow resulted in
the reduction in COF at ML and HL regimes.

Figure 8. SEM images of ECP_Sc specimen showing: (A) Textured surface; (B) Scratch on the surface
and; (C) Scratch at the boundary of the texture.

The ECP textured surfaces (ECP_Sc) were analysed around the texture boundaries via
EDS. Figure 9A shows the surface of the ECP_Sc, and (B) represents the magnified region
of the texture boundary, whereas Figure 9C depicts the chemical composition of this region.
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Figure 9. SEM image of ECP_S¢ specimen showing: (A) Image of textured surface; (B) Magnified
image of dimple boundary; (C) Chemical composition (EDS data) of the magnified area.

4.2. ECP_Sc_MoSeC Specimen

The surface of the textured and coated specimen ECP_Sc_MoSeC was analyzed after
the block-on-ring tribometer test. It has been analyzed that there was no presence of any
significant wear on the surface. Some traces of the scratches were present, which can be
seen in Figure 10A. Furthermore, this scratch was magnified in Figure 10B so that the
disintegration of the coating could be seen. In Figure 10B, the marked region shows the
complete wear-out region of the coating, which was evident of the solid lubricant nature of
the coating and further helped lower down the COF values. This reduction in the friction
values in the BL regime was the outcome of these remotions of the coating that acted as the
sacrificial layer preventing higher coefficients of friction.

Figure 10. SEM image of the ECP_S-_MoSeC specimen showing: (A) Textured surface; (B) Magnified
image of the scratches.
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The surface of the ECP_Sc_MoSeC specimen was analyzed to check that the traces of
the coting contributed to the solid lubrication property of the coating. Figure 11A shows
the textured surface of the ECP_Sc_MoSeC and Figure 11B shows the magnified texture
area, and Figure 11C shows the EDS data at the magnified surface. It was evident that a
similar weight percentage of the metallic composition was present at the surface as in the
case of S0_MoSeC. However, the coating provided a significant value of the solid lubricant
on the material surface, which contributed to the solid contacts at the BL regime. This
significantly helped reduce the coefficient of friction values under BL conditions.

M CoatB 31
Wt% o

Se 516

Mo 29.

C

Fe

Ar

Figure 11. SEM image of ECP_Sc_MoSeC specimen showing: (A) Image of textured surface; (B) Mag-
nified image of dimple; (C) EDS data.

Figures 12 and 13 show the results of the SEM/EDS analysis of the specimens that were,
respectively, textured and coated and just coated and submitted to the tribological tests. It can
be seen that the coating was removed from the contact zone and only remained inside the
textured dimples. It is also possible to observe that part of the Cr interlayer was also removed,
exposing the Fe that constituted the substrate. However, it is quite difficult to measure and
quantify the wear as the coating was very thin at approximately 1.8 pm thick. Nevertheless, it
is possible to see that the lowering of the friction under the boundary lubrication regime was
mainly at the expense of the coating, which worked as a sacrificial material.

140% = Zo—| Se MAG: 140x o

o | €l MAG: 140x ETiE

Figure 12. (a) SEM/EDS mapping showing the chemical composition distribution for textured and
coated specimen ECP_Sc_MoSeC; (b) Mo coming from the coating; (c) Se coming from the coating;
(d) Cr from the coating interlayer and (e) Fe from the substrate.
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Figure 13. (a) SEM/EDS mapping showing the chemical composition distribution for the coated
specimen MoSeC; (b) Mo coming from the coating; (c) Se coming from the coating; (d) Cr from the
coating interlayer and (e) Fe from the substrate.

5. Conclusions

The synergistic study by combining the texturing and coating on the steel specimen has
shown that surface coated and textured contributes to improving the frictional properties
in the BL regime, where an interaction between the asperities occurred, and the coating
worked mainly as a solid lubricant—this benefit is mainly at the expense of the localized
destruction of the film, which worked as a sacrificial material. The MoSeC coating improved
the tribological properties in relation to the smooth specimen by reducing the COF between
11.9% and 10.7% under the BL regime and between 5.2% and 2.3% under HL conditions.
On the other hand, the surface texture played an important role in ML and HL regimes by
generating hydrodynamic pressure with a lift-up effect and friction reduction in relation to
smooth (50) and smooth and coated (50_MoSeC) specimens. In the tribotest trial carried
out in which a greater number of dimples were in contact, it proved that the textured and
coated specimen always showed a lower coefficient of friction than the smooth specimen.
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