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ABSTRACT

Dry, lubrication (SAE15W40), and coated (DLC-Star) reciprocating tribological tests on rapid solidified
AlSi17Cu3.5-4Mg0.6-0.8 alloy was conducted using a high frequency linear reciprocating rig (HFRR) at ambient
temperature. The alloy fabricated with the rheo-stir squeeze casting procedure under T-6 condition. However, at
different loading (0-30 N) conditions, wear and friction properties of rapid solidified H-Al-17Si alloy are
investigated. It is observed that the lower friction coefficient value obtained for DLC-Star coated H-Al-17Si alloy
compared to dry and lubrication conditions. Though, for dry and lubricated sliding, the obtained wear coefficient
values are 2.9X10-3 mm3/N.m and 4.0X10-4 mm3/N.m. A lower coefficient of wear value of 5.4X10-> mm3/N.m
was recorded with DLC-star coating under dry conditions. The alloy wear coefficient values first increases with
applied load (up to 20 N) and then decreases (20 N to 30 N). EDS, AFM surface roughness profilometer, SEM, and
advanced metallurgical microscope (AMM) analysis techniques used for the characterization of surface
morphologies. The developments in friction and wear coefficients were fundamentally ascribed to the dispersion
and size of primary Si elements and the development of tribo-oxide films on the rapid solidified AlSil7 alloy

coated (DLC-Star) surfaces.
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1. Introduction

Poor tribological characteristics of an alloy show higher
emissions, more energy consumption, and a high rate of
wear. So, it is certainly not only reduces the coefficient of
friction but also improves the rate of wear of alloys used for
the manufacturing of automobile parts. Moreover, wear
and friction characteristics of mechanical components are
complicated, being controlled by several factors, including
surface structure, lubricants, distance, load, speed, and the
contact shape [1]. However, scholars have evolved many
tribological resolutions in terms of multi-grade lubricants,
reduced weights of metal matrix composites (MMC), and
advanced protective coatings to produce high-performance
mechanical system components to improve efficiency,
reduce emission, wear and friction losses [2-4]. Moreover,
the demand for quality materials increased to produce high
-performance engine components for withstanding extreme
loads and temperature conditions [5-7].

In the last 20 years, hypereutectic Al-Si alloys (H-Al-Si
MMC) have been considered as a solution to enhance the
performance of the mechanical engine components [8-9]. H-
Al-S5i MMC possesses good resistance to wear, wonderful
castability and excellent strength to weight ratio, that
makes these MMC suitable for many friction and wear
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applications in mechanical engines, like cylinder liners,
engine blocks, and pistons and in other various industrial
applications  [10-11]. H-Al-S§i MMC are usually
characterized as the composite where Si percentage is equal
to or greater than 17 wt%. Although, [12] the typical cast H-
Al-Si MMC reached their limits of resisting heat and
elevated temperature strength as the engine power
increased. Accordingly, the researchers developed new
casting techniques [13, 14] including spray deposition,
powder metallurgy, and planar flow casting on rapid
solidification to prepare high strength and high heat
resistant H-Al-Si MMC. However, [12] these new
techniques are challenging to execute, and the dimensions
of the components are also finite. The use of ultrasonic
vibration [15] during the stirring of H-AI-5i MMCs and
squeeze is a comparatively latest process. It is a user-
friendly technique with the benefits of low cost and simple
operability [16-19].

The addition of Si like hard particles enhances the
hardness, which in turn improves the alloys (H-Al-Si) wear
-resisting properties [20, 21]. Vineet Tirth et al. and
Khemraj et al. explored the impact of stir-squeeze casting
on the wear and friction characteristics of hybrid aluminum
matrix composite. They reported that the stir-squeeze

TRIBOLOGIA - Finnish Journal of Tribology 3—4 vol 38/2021


https://doi.org/10.30678/fjt.99441
mailto:kndmrao@gmail.com
https://journal.fi/tribologia

Malleswararao et.al. Wear and Friction properties of H-Al-175i alloy with dry, lubrication and coated (DLC-Star) conditions under HFRR

Table 1 Al-17Si MMC Chemical composition

Alloy Fabrication Method Chemical Composition (wt %)
Si Cu Mg Al
AlSi1l7  Rheo stir squeeze casting (RSSC) 17  3.5-4 0.6-0.8 Balance

casting process substantially improved the hybrid
composite [18-19, 22]. Dey et al. [23] executed tribological
studies on Al-Si (18.5 wt%) MMCs by varying load 0.5-5 N
under the lubricated condition and found that few scratch
marks are only left on the surface by Si particles, and alloy
matrix was glued to the counterpart when the load
increased. Clarke et al. explored [24] the wear behavior of
Al-Si metal matrix composites (MMC = alloy) by changing
Si weight percentage (up to 21 wt%). They stated that the
hyper eutectic MMCs have low wear resistance than
hypoeutectic MMCs. However, Reddy et al. [25] carried
out few coefficient of wear tests on a series of MMCs
(AlSi), changing Si weight percentage to 23 wt% and
addressing the reinforcement of hard primary Si particles
alloy matrix enhances wear resistance of H-Al-Si MMCs.
Coming after, Parveen Kumar et al. investigated the
tribological behavior of AlSi25 MMC with different loading
conditions (5-100 N) under lubricated and dry conditions
using an LRT (linear reciprocating tribometer). In this
research, it was noticed that with lubricating oil
(SAE20W40) remarkable reduction in COF and wear
coefficient is achieved [26]. Further, [27] the investigation
continued by varying load 100-300 N and stated that at
excessive loads, the MMC Si-particles were jutted out, then
mix with lubricating oil and perform as a solid lubricant
which results in substantial improvement in COF and wear
rate.

Later many researchers examined the wear and friction
characteristics of nanoparticles as engine oil (lubricant)
additives. It has been noticed that the reinforcement of
nano-granules into the engine oil (lubricating) improves
the load-carrying capacity and reduces COF and wear rate
[28-30]. However, at raised temperatures, large
protuberances founded on the counterpart surfaces may
increase wear and friction coefficients. To solve this
problem, researchers tend to add fullerene (IF-Mos2 and h-
BN) like nanoparticles into the lubricant liquids
(SAE15W40), reported that the reinforcement of IF-Mos2
and h-BN nano granules into the lubricating oil enhances
the anti-wear and friction properties remarkably [31-34].
From the above discussion, it is noticed that the
reinforcement of Si grains into the metal matrix composite
and reinforcement of nanoparticles into the lubricating oil
improves the mechanical and tribological performance of
automobile components.

Over the last few decades, one of the solutions for
reducing wear and friction in automobile components is
Diamond-Like Carbon (DLC) coating. DLC coatings show
superior tribological characteristics [35-38]; Some studies
[39-41] show that the hydrogenated-amorphous DLC
layers (a-C:H) are the promising wear and COF resistant
coatings at different environmental conditions. Erdemir et
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al. reported that the hydrogen acts an essential function in
determining the tribological characteristics of DLC films
because of the preventing graphitization and promotes the
formation of stabilized sp3 tetrahedral bonds [47-50].
However, DLC (a-C:H) coatings show excellent tribological
properties for Al alloys at the ambient conditions of the
other coatings like CrN and TiN [42-47]. Besides, few
scholars [48-50] examined the behavior of DLC coatings on
Al-alloys with inert gas and dry nitrogen environmental
conditions and reported that the reduction in friction
coefficient (0.001-003) is remarkable, and the wear rate (10-
10-10-11 mm3/Nm) was improved mainly. Later,
researchers [51-52] conducted several research on a-C:H
films at raised temperatures and described that the friction
coefficient decreases, and the wear tracks become wide,
bigger, and softer. From these studies, it is evident that the
DLC coating has extraordinary potential as a hard film to
combat COF and wear rate in different tribological uses.

It is explicit from the above studies that the wear and
COF behavior of MMCs (H-Al-Si) rely upon on production
routes and the silicon content [9, 20-21, and 53-57]. Besides,
the experiments such as multi-grade lubricants, nano
lubricants, and DLC coatings also much influence the wear
and friction coefficients of the MMCs. The current research
focuses on the impact of the casting process and coatings
on wear and friction characteristics of hypereutectic
aluminum-silicon MMC, which are popularly used in the
production industry. The alloys have good potential for
higher temperatures, hardness, and wear applications in
production and automobile industries. Moreover, the use
of DLC-Star coating with rheo stir squeeze casting H-Al-Si
MMC has not been reported in published research. It is
beneficial to apply the DLC-Star coating on H-Al-Si alloys
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>

Ultrasonic vibration assisted stir casting Squeeze casting

Fig. 1 Rheo stir-squeeze casting process

Table 2 H-Al-175i MMC EDS analysis

Sno Alloy Elements (wt %)
Si Cu O Mg C Al

1 AlSi17 1598 3.61 1.12 047 499 73.83
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Table 3. H-Al-17Si MMC hardness values

Composition Load (kgf)  Ball Hardness value Hardness value

Diameter before heat treatment after heat treatment
(mm) (BHN) (BHN)
AlSil17 250 5 106.82 179.37

Table 4 H-Al-175i alloy Tensile characteristics
Composition UTS YS Elongation (%)
RSSC  RSSC-T6  RSSC  RSSC-T6  RSSC  RSSC-T6
AlSil7 261 386 235 312 2.1 0.8

17 o
I s . ot 754l Cursor, 000

Fig. 2. AlSi17Cu3.5Mg0.8 alloy (a) optical Microstructure, (b) EDS analysis, (c¢) SEM Microstructure

for superior tribological properties. However, coatings
identified for this study have been deposited by a
combined PVD/PACVD method, which has been selected
based on the literature review.

2. Materials and methods

2.1. Materials and specimens preparation

The hyper eutectic AlSi17Cu3.5-4Mg0.6-0.8 (H-Al-175i)
alloy was prepared by using rheo stir-squeeze (rheo =
ultrasonic vibration (UV) assisted) casting technique under
T-6 condition (RSSC-T6). However, the H-Al-17Si alloy
(Table. 1) was processed with stir casting with UV
treatment primarily and then carries on by squeeze casting
procedure. The schematic diagram (Fig. 1) mainly consists
of a furnace with stir casting setup, squeeze casting setup,
UV generator, and titanium alloy horn. The used frequency
for this UV test was 20 kHz, and the highest power output
was 2.8 kW.

The process begins with the melting of materials like
pure Al and Cu in a gas furnace at 1100°C. When the
composite was completely liquified, then it was cooled to
720°C and stirred mechanically. Preheated silicon and
magnesium (270°C) grains were added into the stir vortex
around 15 min by keeping the speed of 300 rpm. The
primary SiMg granules changed from coarse dendrites to
regular polygons, and the average particle size decreased
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from 69.7 to 7.2 pm. Though, the compound was again
heated to 650°C, and UV was applied for about 5min. After
mixing with UV completed, the alloy was poured into a
mold of steel, which is already heated at 200°C
temperature. A pressure of 200 MPa was used in both
directions (up and down) with a 60s holding time. Then
the rapidly solidified square casting billet with 40X40X100
mm was achieved. Fig. 2 reveals the microstructure (optical
and SEM) and chemical combination of H-AI-175i alloy
(EDS analysis: the used energy beam is typically in the
range of 10-20 keV), and the elements weight percentages
were indicated in Table.2. Further, the alloy (H-Al-175i)
was going through the heat-treatment operation with the T
-6 environment. The T-6 process consists of a solution heat
treatment (500°C) with a 4 hours drench time and then
rapid quenching in (<50°C) water later it was carried on
with artificial aging at 165°C for 4 hours and then cooled in
air. Square specimens of 40X40X10 mm were sliced out
from the heat-treated billet. Whereas to understand the
mechanical properties (Table 3 & 4) of H-Al-175i alloys, the
hardness (ASTM E10-15) (Fig. 3) and tensile properties
(ASTM E8 / E8M) (Fig. 4) were investigated using Brinell
hardness equipment and Tensometer.

2.2. DLC-Star coating

Oerlikon Balzers supplied the metal-free amorphous
carbon (CrN+a-c: H) coating (Table 5) used in this
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Fig. 3. Hardness test samples (a & c) before heat treated, (b &
d) after heat treated,
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All dimensions are in mm
Fig. 4. Tensile test samples

investigation. They were deposited by a combined PVD/
PACVD method on a square plate of H-Al-175i alloy with 4
pm thickness. The coated surface was polished during the
finishing process to remove the extra particles, and
droplets maybe adhere to the top of the specimens (Fig. 5).

2.3. Tribological tests description

Wear and friction experiments were performed at room
temperature using HFRR (High frequency linear
reciprocating rig - ASTM G133) (Fig. 6) with a ball (10mm
diameter) on a plate (square) geometry under dry, coated
and lubricated conditions. All lubricated experiments are
carried out with engine oil synthetic grade SAE15W40 as a
lubricant (Table 6). The uncoated H-Al-17Si specimens
(40X40X10 mm) surface preparation is done by polishing
with Si-C papers (1000 and 800 grit size), and the surface
final finishing is accomplished with diamond paste (1 pm).
After polishing, the specimens are cleaned with benzene
and acetone to remove any detritus that may have been left
while finishing. The applied load range during the friction
and wear test was 5 N to 30 N at a 20 Hz frequency. The
reciprocating experiment time was 10 min with a 2 mm
stroke length and a sliding distance of 50 m. AMM (VEM-
9100 Metzer Meta vision), AFM surface roughness
profilometer (Veeco), and SEM (S-3700N) were used to
study the microstructures of the alloys. After that, the
friction coefficient values are directly obtained by the
HFRR screen, and the (Kw) wear coefficient of the alloys
was determined with the following equation (1).

Wear volume mm?

(Applied Load X Sliding diatance) Nm'®

)

Wear coefficient =
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Fig. 5. H-Al-175i samples (a) before coating, (b) after coating

Table 5 Properties of DLC-Star coating

Coating properties Value
Coating material CrN + a-C:H
Typical microhardness (HK 0.01) >2000
Typical coating thickness (pm) 2-4
Coating temperature (°C) <250
Maximum service temperature (°C) 350
Coating color Black

Where wear volume is denoted as W, (mms3), sliding
distance is denoted as Sq¢ (m), and the applied load is
denoted as F, (N).

3. Results and discussion

3.1. Friction coefficient

The friction coefficient and applied load values (mean
value and standard deviation) are presented in Fig. 7. As
shown in figure (Fig. 7) friction coefficient for H-Al-175i
MMC against AISI52100 ball in dry sliding condition
initially recorded a high value (0.78) then decrease with
increase in applied load (5 N to 30 N). However, a constant
friction coefficient value of 0.064, and 0.023 was obtained in
the case of SAE15W40 lubricating oil and DLC-Star
coating. It is evident from the above results (Fig. 7.) that the
lowest friction coefficient value of 0.023 was achieved in
the case of DLC-Star coating condition compared to dry
(0.41) and lubricated (0.064) sliding conditions.

The friction coefficient of the H-Al-17Si MMC plate
against AISI52100 ball under dry state decreases with
increasing applied load (5 N to 30 N) because of the
presence of primary hard Si granules in the wear track of
the H-Al-17S5i MMC disc. However, the Si granules
distribution and size play a significant role in reducing
friction coefficient at increased applied loads. At the
beginning of the experiment, the highest COF (Fig. 7) is
recorded at 5 N load due to the H-AI-17S5i MMC plate
asperities that come into direct contact while sliding and
stick to the AISI52100 ball surface which results in
increased friction coefficient. Friction coefficient values are
decreased with the increased applied load (10N to 30 N), as
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Table 6 SAE15W40 lubricating oil properties

Lubricant properties Value
Kinematic viscosity @100°C, ¢St 14.0-15.2
Viscosity index 130
Flash point 220°C
Pour point -21°C

represented in Fig. 7. This reduction in COF mainly
attributed to the development of oxide-layers while sliding
as the applied load increased. At higher applied loads, the
hard Si granules jut out from the worn faces of H-Al-175i
MMC disc and act as ball bearings at the contact surfaces
during sliding.

In the case of SAE15W40 engine oil, the friction
coefficient remarkably decreased. From Fig. 7, it is seen
that the COF is decreased from 0.094 to 0.064, with the
increase of (5 N to 30 N) applied load. It is because of the
development of oil films between the tribopair. When the
load increases, the friction coefficient decreases because of
the hard Si particles of H-Al-1751 MMC mixes with engine
oil (lubricant) and acts as a solid lubricant. The friction
behavior of DLC-Star coated H-Al-175i alloy is
significantly improved compared to the lubricated and dry
conditions. In the case of coated (DLC-Star) dry condition,
the COF is significantly decreased (0.035 to 0.026) with the
increase in applied (5 N to 30 N) load, as displayed in Fig.
7. Such a reduction in friction coefficient because of the
highly absorbed Si grain improvement and the
development of tribo-oxidation films between the mating
parts. It is evident from the above values that the friction
coefficient (Fig. 7) of H-Al-175i MMC is greatly affected by
the highly absorbed Si granules [58] and the coated
materials. Additionally, the fabrication process of H-Al-
17Si MMC [59] also contributed to achieving a decreased
coefficient of friction results. Unique features of (DLC-Star)
CrN + a-c: H coating on the surface of the alloy resulted in
the lowest friction coefficient in H-Al-17Si MMC, which

* Dry condition

aal * Lubricated condition (SAE15W40)
- + Coated condition (CrN+a-c:H)
0.7 4
0.6 ”
0.5 4 -
w L]
O 044 .
o
0.3
0.2+
019 * . W . ® a
0.0 . r " T r T
5 10 15 20 25 30
Load (N)

Fig. 7. Friction coefficient versus applied load for H-Al-17SI al-
loy
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Fig. 6. HFRR setup

can strongly affect friction.

3.2. Wear coefficient

The (Kw) coefficient of wear is driven by the ratio of
Wv (wear volume) of MMC plate per Fn (applied load),
per Sd (sliding distance). However, wear volume is
estimated using the weight loss method where the alloy
disc weight is calculated before and after the sliding
experiments with an electronic balance. The wear
coefficient (mean value and standard deviation) results
procured for the H-Al-17Si MMC plate under dry,
lubricated, and coated dry conditions are shown in Fig. 8.
However, the wear behavior of H-Al-17Si MMC in the dry
condition is split into two parts. In (5 N to 20 N) part one,
the wear coefficient of the H-Al-17Si MMC rose with the
increase in applied pressure, and in part two (20 N to 30
N), the wear coefficient decreased. It can be observed that
the highest wear coefficient value of 2.9X10° mm3/N.m
was attained for H-Al-17Si MMC under dry condition.
Whereas, wear coefficient values of 4.0X10-4 mm3/N.m and
5.4X105 mm3/N.m are acquired for the H-Al-17S5i MMC
plate when (SAE15W40) lubricated and coated dry
conditions accordingly. It is explicit from figure (Fig. 8)
that the highest wear coefficient value of 2.9X10-3 mm3/
N.m was attained under dry conditions, and the lowest

Dry condition
Lubricated condition(SAE15W40))
Coated condition(CrN+a-c:H)

-

0.0040

#

0.0035 4

0.0030 4 .

0.0025 -

0.0020

0.0015 4

0.0010 4

Wear coefficient (mm’/N.m)

000054 o - B . o

0.0000 . v " i ? ¥
5 10 15 20 25 30
Load (N)
Fig. 8. Coefficient of wear versus applied load for H-AI-17Si
alloy
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wear coefficient of 5.4X10-5 mm?3/N.m was attained in case
of coated (DLC-Star) dry conditions.

The wear coefficient of the MMC increases slowly with
an increase in (5 N to 20 N) applied load and decreases
from 20 N to 30 N, as shown in figure (Fig. 8). However,
the Si granules distribution and size acts a significant
function in deciding the wear coefficient of H-Al-175i
MMC. At lower applied load, the adhesion between H-Al-
1751 MMC plate and steel ball is occurred because of the
high spots on H-Al-17Si disc surfaces that come into direct
contact while sliding and stick to the AISI52100 ball
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surface. During constant sliding, the high spots are broken
and result in adhesive wear, and the hard Si grains lead to
surface abrasion. Optical and SEM (Fig. 9 & 12) images of
the worn surfaces of dry conditions show deep scuffed
tracks, due to the association of abrasive and adhesive
wear at 5N applied load. AFM profilometer (Fig. 27 (a))
images exhibit deformity on the MMC surface with a Ra
value of 15.6 pm at 5 N applied load. Figure (Fig. 10 & 13)
shows that at applied load of 20 N, the wear coefficient
behavior of MMC remains unchanged because of the
increase in abrasive and adhesive wear at high applied
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Abrasion
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Adhesion

Three body abrasion

Abrasion
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loads. AFM profilometer (Fig. 27 (b)) images also reveal the
increased surface roughness (Ra = 18.9 pm) value at 20 N
applied load as compared to the (5 N) initial applied load.
However, when the load further increased (20 N to 30 N),
the wear coefficient decreased due to the development of
an oxide-layer between contact pairs

From figure (Fig. 11 (a, b)), it is explicit that when the
load increases, the abrasion level decreases due to the
primary Si particles get distorted and a formed thin oxide
layer. The developed oxide-layer acts as a solid lubricant
between mating surfaces at more applied loads (20 N to 30
N) and reduces the wear coefficient. Further, optical and
SEM images (Fig. 11 & 14) confirm the development of the
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Fig. 14. AISI52100 Ball under dry condition at 30 N applied load (a) AMM micrograph (b) SEM micrograph
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oxide layer and the existence of distorted Si granules on
the wear tracks. Further AFM profilometer (Fig. 27 (c))
images of the wear track at applied load 30 N display a
decrease in (Ra = 9.6 pm) surface roughness value as
compared to the surface roughness value (Ra = 18.9 pm) at
20 N applied load. Though at higher applied loads due to
the increase in temperature, a robust mechanical mixing
layer formed and development of an oxide-layer occurs at
the tribopair interface. Figure (Fig. 11 (b)) evident the
existence of hard Si granules and development of the oxide
-layer at the mating parts contact, which decreases the
wear coefficient of the H-Al-175i MMC. Further, at higher
applied loads, elongated subsurface particles in the
microstructure and work hardening layer strengthen the

TRIBOLOGIA - Finnish Journal of Tribology 3—4 vol 38/2021
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Fig. 17. H-Al-17Si alloy under lubricated condition at 30 N applied load (a) AMM micrograph (b) SEM micrgraph

MMC surface because of the plastic deformation,
enhancing the wear performance of H-Al-17Si MMC.
Additionally, the Si grains in the MMC also responsible for
low friction and wear coefficients due to acting as a solid
lubricant.

In the condition of lubrication with SAE15W40 oil, the
wear coefficient was reduced extremely (Fig. 8). This is
because of the development of oil film between tribopair,
which avoids straight contact between mating surfaces.
The formed oil film between H-Al-175i MMC disc and
AISI52100 ball reduces abrasion, adhesion, and plastic
deformation remarkably, which decreases the in wear
coefficient significantly. At lower (5 N) applied load, the
wear tracks are very less, and one or two grooves with
dense wear scars are present on the alloy surface (Fig. 15 &

TRIBOLOGIA - Finnish Journal of Tribology 3—4 vol 38/2021

Oxide layer

Lubrication film

18). Whereas, at 20 N applied load, Fig. 16 & 19 shows light
adhesion of asperities, which will marginally increase the
wear coefficient of the H-AI-17Si disc. Further,
profilometer images also clearly show the increased wear
scars with an obtained roughness value of Ra=5.61 pm
(Fig. 28 (b)) as compared to the roughness value of 6.82 pm
(Fig. 28 (a)) at an applied load of 5 N. At 30 N applied load
the coefficient of wear (320 pm) (Fig. 28 (c)) again
decreases compared to the 20 N applied load. This is due to
Si granules mix with SAE15W40 lubricating oil and acts as
solid lubricant and formation of smooth surfaces.
Therefore, plastic deformation of asperities notably
decreased because of the development of the lubricating
layer (film) between tribopair, which decreases the wear
coefficient of H-Al-17S5i MMC. The Optical and SEM
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Fig. 19. AISI52100 ball under lubricated condition at 20 N applied load (a) AMM micrograph (b) SEM micrograph
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images (Fig. 17 & 20) show the surface remains smoother at
higher applied load (30 N). Moreover, AFM profilometer
images also evident the decreased wear scars value of
Ra=3.20 pm (Fig. 28 (c)) at 30 N applied load compared to
the 20 N load (Ra=6.82 pm) (Fig. 28 (a)).

However, in case coated dry condition, the wear
coefficient was reduced significantly as compared to both
lubricated and dry conditions (Fig. 8). As shown in Fig. 21
& 24, the wear tracks of H-Al-175i with DLC-Star coating
appear smoother and smaller. This is due to the
development of a tribo oxidation layer (A tribo oxidation

Mild adhesion

WwD21mm  §851

layer is usually developed on the mating surfaces at high
temperature friction and wears process, which greatly
affects the wear and friction properties of the alloys),
which avoids the tribo pairs from coming into straight
contact and remarkably improves the wear coefficient
behavior of the MMC. At 5 N lowest applied load , the
wear coefficient is nearly negligible due to the higher
surface finish of DLC-Star coating. However, with the
increasing of applied load (20 N), very thin smaller, and
smoother wear scars appear on the surface of the alloy (Fig.
22 & 25) with the increased wear coefficient. Further, as the
load (30 N) increases, the coefficient of wear again
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Fig. 22. H-Al-175i alloy under coated dry condition at 20 N applied load (a) AMM micrograph (b) SEM micrograph

L TR
AN Yy

A e —— " 200 oCun
Fig. 23. H-Al-175i alloy under Coated dry condition at 30 N apphed load (a ) AMM mlcrograph (b) SEM micrograph

decreases (Fig. 23 & 26) due to the development of a tribo
oxidation film between tribo pair surfaces. The wear scar
width in the coated dry condition (Fig. 23) is two times
smaller than that of the wear scar (Fig. 17) attained in
lubricated condition. Whereas, insignificant wear scars are
identified on the AISI52100 ball in case of the coated dry
condition (Fig. 24 - 26), which is ascribed to the improved
wear resistance of steel ball because of its more hardness
(670-770 HV) value as compared to H-Al-175i MMC disc
hardness (165-179.37 HV). Fig. 29 represents AFM
profilometer images of the wear scars of H-Al-1751 MMC
disc undercoated dry condition. As shown in Fig. 29 (a - ¢),
surface roughness value decreased with increased applied
load (5 N to 30 N). The surface roughness value decreased
from 0.294 pm (applied load 20 N) to 0.134 (applied load
30N). The obtained values show that the alloy disc wear
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Transfer layer

scars’ surface roughness especially decreases with
lubricated and coated dry conditions, while smoother
surfaces were obtained with DLC-Star coating. However,
the high wear coefficient occurs in the dry state when no
protective film presents on the MMC surface (width of the
wear mark is 840 pm).

It is implicit from these values that DLC-Star coating
reduced the wear coefficient of about 30-50% compared to
dry condition. The COF for DLC-Star for H-Al-1751 MMC
is the minimum (0.023) throughout the experimental
processes as compared to both lubricated and dry
environments. The developments in friction and wear
coefficients were primarily ascribed to the distribution and
size of primary Si granules (Fig. 2(a)) and the formation of
transfer layers on the coated surfaces of AlSi17Cu3.5-
4Mg0.6-0.8 alloy (Fig. 23(b)). The anti-wear characteristic of
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DLC-Star coating for H-Al-175i disc clearly showed
through the optical, SEM, and profilometer micrographs.
These results exhibit that DLC-Star coating possesses
superior anti-friction and wear properties.

From the above results, it is clear that the DLC-Star
coating comes up with a new pathway for enhancing the
COF and wear characteristics that could be more carry out
for many automobile sectors involving linear reciprocating
sliding contact surfaces. However, DLC-Star coating is a
modified diamond like carbon coating with improved load
carrying capacity. An extraordinary hard, sturdy
chromium nitride layer gives the required surface hardness
and increases the load carrying capacity of the
tribologically effective carbon coating. DLC-Star coating

25

has even enhanced friction and wear performance than
hydrogen free DLC coating. It is therefore used for the
highest loaded components in diesel engine parts and
injection systems.

4. Conclusion

In this investigation, we explored the effect of casting
and coating on the tribological properties of H-AI-175i
MMC plate processed by rheo stir- squeeze casting method
with different (5 N to 30 N) loading under dry, lubricated
and coated conditions.

The following conclusions were drawn from the
experiments:

1. The friction coefficient for H-Al-175i MMC against

TRIBOLOGIA - Finnish Journal of Tribology 3—4 vol 38/2021
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Fig. 27. Surface roughness micrographs of H-Al-175i MMC under dry condition (a) 5 N (b) 20 N (c) 30 N
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Fig. 28. Surface roughness micrographs of H-Al-17S5i MMC under lubricated condition (a) 5 N (b) 20 N (c) 30 N

H-AI-17Si Ra = 0.467 pm H-Al-17Si

(@) (b)

Fig. 29. Surface roughness micrographs of H-Al-175i MMC coated dry condition (a) 5 N (b) 20 N (c) 30 N

AISI52100 ball in dry sliding condition initially recorded a
high value (0.63) at 5 N then decrease with an increase in
(10 N to 30 N) applied load. Though, in the condition of
SAE15W40 engine oil and coated (DLC-Star) dry condition,
the friction coefficient remarkably decreased with an
increase in applied load.

2. Under dry condition the wear coefficients of H-Al-
1751 MMC increase with an increase in applied load and

TRIBOLOGIA - Finnish Journal of Tribology 3—4 vol 38/2021

Ra=0.294 ym H-AI-17Si Ra =0.134 pm

(25 um

|
J=25um

(c)

then decreases.

3. Significant reduction wear coefficients are adept
with SAE15W40 engine oil at different loading conditions
due to hard Si particles of the MMC performs as a solid
lubricant in lubricated conditions.

4. Substantial effect on reduction of wear and friction
coefficients were noticed in the case of H-AI-17S5i MMC
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coated with CrN + a-c:H because of the development of a
tribo oxidation film between tribo surfaces.

These solutions exhibit a passivation effect because of
DLC-Star coating, which helped lower the wear coefficient
between mating parts and supplied easy shearing and,
therefore, resulted in friction improvement. Moreover, the
results exhibit that DLC-Star coating possesses superior
anti-friction and wear properties.
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Nomenclature
COF Coefficient of friction
DLC Diamond like carbon
RSSC Rheo stir-squeeze casting
MMC Metal matrix composite (alloy)
AFM Atomic force microscope
H-Al-Si  Hyper-eutectic aluminum silicon
Kw Wear coefficient, mm3/Nm
Wv Wear volume, mm3
Sd Sliding distance, m
Ra Roughness average, pm
Fn Load applied (N)
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