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WEAR PROPERTIES ANALYSIS ON AI-BASED AUTOMOTIVE ALLOY WITH VARIED LEVELS OF Si IN DRY, 3.5% NaCl
AND SEAWATER CORROSIVE ENVIRONMENTS

The wear tests of aluminum based automotive alloys with different Si content in 3.5% NaCl, seawater and dry sliding envi-
ronment are carried out. A conventional pin-on-disc wear apparatus is used at 2.55 MPa pressure and 0.51 m/s speed for a sliding
distance of 923.2 m. The results show that the wear rate and friction coefficient of the alloy decreases with the increase of silicon
content up to the eutectic point in all sliding environments. Among the different Si-rich intermetallics formed, especially Mg,Si
strengthens the alloys. It is more prominent in the case of a corrosive environment through creating MgO plus SiO, layers, which
protect the corrosive wear and reduce the friction coefficient. Wear test surfaces have shown that Si addition makes the alloys
wear-resistant with smooth abrasive grooves covered with oxides.
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1. Introduction

According to the aluminum alloy designation system it is
called 4xxx series alloy when silicon is considered as the prin-
cipal alloying element [1,2]. Replacing cast iron with Si-doped
Al-alloy as engine material has reduced fuel consumption as the
weights of engine components are reduced [3]. The 4xxx series
alloys are extensively used in the automobile sector for making
parts like engine heads, pistons blocks, connecting rods, pistons,
and liners, efc., since their improved properties. Considering their
improved properties, these alloys are also considered for machine
manufacturing, aviation, transportation, construction, and other
vital sectors. They are also used in complex shapes castings
such as cover plates, motor shells, brackets, etc. The alloy with
12.6 wt.% Si is referred to as eutectic Al-Si alloy. The higher
and lower levels of the Si content in the alloys are termed hyper
and hypo-eutectic Al-Si alloys respectively [4,5]. According to
existing research, alloying elements like Cu, Mg, Fe, Ni, Zn, etc.,
are used in this type of Al-based automotive alloy to enhance
certain properties. Al-Si alloys containing Cu and Mg respond
to age hardening [6-9]. In most of the automotive materials,
0.8-1.5% Cu, 0.8-1.3% Mg, 0.8-1.3% Ni, <0.7% Fe, <0.3% Mn
are present, whereas the wt.% of Si varies in a wide range
(11-26%) [4]. Adding an element to improve one property of the

alloy can have unintended effects on other properties. Not only
are the elements important, but their amount is another factor
that controls the properties of the alloys. One of the concerning
properties of this type of alloy is wear behavior. Wear means
the elimination of material from the sliding surfaces causing
continuous material loss. High wear-resistant material provides
a better engine life. Al-Si has high-quality wear resistance due
to the formation of several intermetallics such as Al,Cu, Mg,Si,
B-AlsFeSi, etc., fine intermetallics [10,11]. When the amount of
Si is increased, keeping other alloying elements constant, the
amount of Si-rich intermetallics also increases, which strengthens
the material and increases both wear and corrosion resistance
[12,13]. However, wear with corrosion induces failure during
service. Since corrosion is greatly affected by the surroundings
and frequently occurs with wear, material loss is considerably
increased. Therefore, the root cause of the failure leads to im-
provements in the design of components [14,15]. The engine
material can be exposed to NaCl and seawater frequently. There
are small amounts of NaCl dissolved in cooling water. Again, the
engine’s radiator is often filled with local tap water, where NaCl
is present. On the other hand, the engines in marine applications
get into contact with seawater frequently.

Many studies have been made to understand the surface
behavior in sliding contact and the mechanism under various
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parameters like alloy composition, applied pressure, sliding
speed, counter surface, sliding environment, efc. Si-added
Al-based alloys are extensively used in different automobiles,
shipbuilding, and acrospace engine structural applications. Tri-
bological properties are important for materials under a relative
motion, but these properties depend strongly on working condi-
tions. Besides operating parameters, operating media, such as
dry, wet, lubricant, corrosive solution, efc. are also important
working conditions [16-18]. Thus, it becomes necessary to
study the tribological characteristics of these alloys under dif-
ferent environments. In this exploration, the wear of Al-based
automotive alloys with different levels of Si is assessed, keeping
other alloying elements constant, intending to determine the
role of Si when exposed to a 3.5% NaCl solution and seawater
sliding environment. Dry sliding wear condition is also consid-
ered for comparing the wear behavior with the other two con-
ditions.

2. Experimental

To study the role of Si on the wear behavior of aluminium
based automotive alloys, the following five alloys were cast
with Si varied at 0.2, 3.5, 6.1, 12.7, and 17.9 wt.% while keep-
ing 2.2Cu, 0.8Mg and 0.3Fe nearly constant. The chemical
compositions of the developed alloys were evaluated by the
spectrochemical method as

Alloy 1: Al-0.2Si-2.2Cu-0.8Mg-0.2Fe

Alloy 2: Al-3.5Si-2.3Cu-0.8Mg-0.3Fe

Alloy 3: Al-6.1Si-2.1Cu-0.8Mg-0.3Fe

Alloy 4: Al-12.7Si-2.1Cu-0.8Mg-0.3Fe

Alloy 5: Al-17.9Si-2.2Cu-0.8Mg-0.3Fe
and some Ni, Pb, Mn, Zn, and Ti as trace elements naturally
added from the environment.

For developing these alloys, aluminium, copper, magne-
sium, and the master alloy of Al-50%Si were melted in a graphite
crucible using a natural gas-fired pit furnace. An appropriate flux
cover was used to avoid oxidation during melting. Casting was
done at 700°C in a mild steel mold of 20 mm x200 mm x300 mm,
preheated at 250°C. The homogenization of the cast alloys oc-
curred in a muffle furnace at 450°C for 12 hours, and they were
air-cooled subsequently to alleviate internal stresses. The alloys
were then solutionized at 535°C for two hours and quenched in
salt ice water to get a super-saturated region of a single phase.
A Vickers hardness testing machine with a load of 1 kg was ap-
plied on the surface of a sample for 10 seconds for ten successive
readings, and the average value was considered as the hardness
of that sample. The density of each alloy was calculated from
the chemical composition. The solution-treated cast alloys were
machined to 14 mm length and 5 mm diameter as samples for
wear study. The samples were kept at 200°C for 240 minutes
for age hardening to achieve the peak-aged condition [19-21].
A pin-on-disc wear testing apparatus was used to estimate
the wear and frictional behavior of the alloys maintaining the

ASTM G99-05 standard under the stated environments [22].
The pin-sized sample was pressed against a stainless-steel disc
with a 50 N load, and a 200 rpm horizontal rotation on a track of
49 mm diameter was provided to the disc for the corresponding
wear test. Each test was performed for a fixed period of 30 min-
utes. As a result, the calculated sliding distance was 923.2 m,
along with the pressure and speed of 2.55 MPa and 0.51 m/s,
respectively. The hardness and roughness of the stainless-steel
disc were around RC 95 and 0.40 um, respectively. A minimum
of nine experiments were conducted for each identical state under
ambient conditions at 22°C and 70% humidity. Average values
were considered for making graphs.

The tests were done under dry sliding conditions, and 3.5%
NaCl solution and a seawater environment. The 3.5% NaCl
solution was prepared by dissolving analytical reagent grade
sodium chloride powder with deionized water, which can be
considered as simulated seawater, as NaCl is around 3.5% in
seawater [23]. The seawater is collected from the Bay of Bengal,
in the vicinity of Saint Martin’s Island in Bangladesh. The prop-
erties of the seawater were determined in our laboratory. The
pH of the seawater was 7.14, the total dissolved solids (TDS)
was around 28000 mg/L, the dissolved oxygen was 7.29 mg/L,
the sulfate ion present was 1320 mg/L, the TSS, turbidity, and
electric conductivity were 48 mg/L, 76.9 NTU, and 45000 uS/cm
respectively. Throughout the experiment, in NaCl and seawater
environments, drip-type single-point lubrication was maintained
at the contact interface between the sample and the stainless-steel
counter plate.

The following equations determined the wear rates and
friction coefficients:

Aw = Winitial — W final (1)
A
s, = —— (i)
S.D.xL
= (it
p=7 )
where,
Winiial — the weight of the sample before wear, g;
Wina — the weight of the sample after wear, g;
Aw — the weight loss of the sample during the wear, g;

S.D. — the sliding distance run during wear test, m;

L — the normal load applied on the surface, N;

s.w.r. — specific wear rate, g/Nm;

u — coefficient of friction;

F — frictional force acting on the surface, N.

The sliding distance was determined from the track diameter
and the speed of rotation of the stainless-steel disc.

A USB digital microscope was utilized for the microstruc-
tural observation of the surfaces before wear, after wear and
the abrasive wear particles of the samples. The SEM and EDX
analyses were done using a JEOL scanning electron microscope.
The wear testing apparatus, the prepared sample, and counter
disc are shown in Fig. 1.



ng . N

Friction load cell |

Fig. 1. Photographs of wear testing machine set up with wear sample
and friction disc

3. Results and discussion
3.1. Physical and mechanical properties

Fig. 2 shows the variation of density and microhardness of
the Al-based automotive alloys with the concentration of Si at
the peak aged condition. The alloy with lower silicon content
shows the highest density, and it is decreased with the addition
of Si. The Al-based experimental alloys contain the elements
Cu, Mg, Fe, efc., similar in amount but the Si level varies for
different alloys. The variation of density is attributed to the fact
that the molecular weight, thus the density of Si, is lower than Al.

Similarly, with increasing the Si content, the hardness
increases, as Fig. 2 depicts. This trend is attributed to the strong
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Fig. 2. Variation of density and hardness with Si content of the experi-
mental Al-based automotive alloys
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strengthening ability of metastable Si-rich precipitates. Differ-
ent intermetallics are formed in the Al-Si alloys as they contain
different alloying elements. However, the principal strengthen-
ing precipitate is Al,Cu occurring in the form of plates, Mg,Si,
and a small number of hard phases, AlsFeSi. A higher level of
Si produces a higher amount of Si-rich intermetallics resulting
in higher hardness [24,25].

3.2. Wear behaviour

The influences of Si addition on the wear rate of the au-
tomotive alloys under dry, 3.5% NaCl solution and seawater
environment are shown in Fig. 3. The wear rates were calculated
from the weight loss and other parameters using Eqns. (i) and
(i1) after sliding the samples 923.2 m against the stainless-steel
disc at a constant velocity of 0.51 m/s and pressure of 2.55 MPa.
It is conspicuous from Fig. 3 that for all environments, as the
Si content increases in the alloys, the wear rate decreases ac-
cordingly at a level up to the eutectic composition of 12.7% Si.
Beyond this composition, the wear rate increases to some ex-
tent for every sliding condition. When the aluminium alloy has
a lower or trace amount of Si, intermetallics consisting of other
constituent elements are formed, among them B-Al;Mg, and
MgAICu are relevant to the discussion. The f-Al;Mg, is gath-
ered along the grain boundaries, which induces stress corrosion
cracking [15]. Besides, a trace amount of Zn, which enters the
alloy matrix as an impurity, often forms Mg(ZnCuAl),, which en-
genders preferential dissolution or dissolution of the precipitate
[26]. Generally, in aluminium alloys, Al,Cu formation provides
a strengthening effect, consequently improving the wear proper-
ties of each tested alloy. However, increasing amounts of Si pre-
sent in the alloy form the hard Mg,Si intermetallic in the matrix
that refine the a-Al grains and have excellent bonding capacity.
As aresult, additional Si in the alloy takes the Mg to form Mg,Si
intermetallic, and thus fewer amounts of B-Al;Mg, and MgAICu
are formed in higher Si-added alloys. Previous investigations
confirm the formation of these types of various intermetallics
for Al-Si-Cu-Mg alloy through DSC and XRD studies [27-29].

The wear rate is lower in higher Si-doped alloy as Si addi-
tion refines the a-Al grains through the eutectic Si and forms the
hard Mg, Si intermetallic in the matrix with excellent interfacial
bonding capacity. An increase in Si content brings about the fur-
ther formation of Mg, Si precipitates leading to improved strength
and hardness of the alloy, which contributes to a lower wear rate.
Additionally, Mg, Si particles act as a load-bearing phase which
reducing direct contact and protecting the matrix from the coun-
ter face during the sliding process. Beyond 12.7% Si content,
the hypereutectic alloy does not follow the traditional positive
correlation between hardness and wear resistance. At greater Si
content, there might be a pull-out of primary silicon particles,
leading to a three-body abrasive wear mechanism and a higher
wear rate through the damage of the worn surface [30,31].

In the case of corrosive environments like 3.5% NaCl
solution and seawater, the wear rate shows a similar trend, but
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the intensity is different. For NaCl and seawater environments,
higher wear rates are found for lower Si percentages. As previ-
ously discussed, Si provides a strengthening mechanism pro-
tecting the surface from damage, which does not function well
when the silicon content is less. The B-Al;Mg, phase present in
the alloys with lower Si is preferentially attacked by corrosive
environments [32]. Again, the presence of the MgAlCu phase
in the alloy accelerates the corrosion as it acts as a galvanic
cathode [33]. Besides, there are strong corrosive agents like
chlorides present in both sodium chloride and seawater which
are involved in further loss of material through corrosion reac-
tion, which explains the higher rate of corrosion in these envi-
ronments when the Si content is lower [34-37]. On top of that,
seawater contains additional corrosive agents like HCO3, which
induces pitting corrosion removing material on the surface at
heterogeneous spots [38]. There are phases of aluminium-iron
in the alloys, such as AlgFe, and Al;Fe, which are cathodic to the
aluminium matrix [35,39,40]. These intermetallics induce a dif-
ferent chemical composition of the oxide layer. When this layer
is exposed to seawater, these impurities create galvanic cells,
which tend to promote pitting corrosion initiation, and progress
rapidly [34]. These reasons explain the maximum corrosion rate
under a seawater environment in hypo-eutectic alloys. On the
other hand, the wear rate for every condition drastically abates
by adding Si content into the alloys. In the region of 6.1 wt.%
of Si, the corrosive media rate goes below that dry condition
because the added Si forms Mg, Si precipitates, which reacts with
oxygen to produce layers of MgO and SiO,, protecting the alloys
from further corrosion [41,42]. This resistive effect of Mg,Si
increases with Si addition. Again, the seawater environment
provides more protection than NaCl beyond 12.7 wt.% Si which
can also be observed in Fig. 3. Generally, seawater has 3.5%
salinity, and there are Na*, K*, Mg?*, Ca**, CI", SO7~, HCOj,
NOs; etc. ions as components of seawater [38,43]. SO4~ hinders
the inclusion of chloride ions into the oxide film, saving it from
damage [44]. Besides, SO}~ tends to form aluminium and cop-
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Fig. 3. Variation of wear rate with Si content into Al-based automotive
alloys at applied pressure 2.55 MPa and sliding distance of 923.2 m at
a velocity of 0.51 m/s under different environments

per sulfate complexes on the surface of the alloy, which serve
as a protective layer [45]. NOj3 inhibits the corrosion process
by lowering critical current passivation [46]. Furthermore, an
additional layer of MgO is formed on the surface by the extra
Mg?" present in the seawater. Consequently, protection from
corrosion is better established in a seawater environment than
in a sodium chloride environment.

The friction coefficients of Al-based alloys of varying
concentrations of Si under the wear tests in different sliding
environments are presented in Fig. 4. It may be noted that the
coefficient of friction decreases when the percentage of silicon
increases into the alloys and this phenomenon alters beyond the
eutectic composition of 12.7 wt.% Si. In alloy with low wt.% of
Si, the coefficient of friction is high as phases like f-Al;Mg,,
MgAIlCu, and Mg(ZnCuAl), promotes corrosion [26,32,33].
The decrease in coefficient of friction with the addition of Si
may be attributed to the fact that more Mg,Si is formed with
the addition of silicon which enhances the mechanical strength
of the alloys, and also reduces the amount of the B-AlsMg,,
MgAICu, and Mg(ZnCuAl), phases. As the mechanical property
increases, the surface roughness should decrease improving the
surface quality, which explains the lower coefficient of friction
in higher Si-added alloys up to eutectic composition [9]. This
decreasing trend is more prominent for the NaCl and seawater
sliding environments as Mg,Si formed in these alloys are con-
verted into MgO and SiO, layers providing a lubrication effect.
As previously discussed, additional layers composed of different
ions are present in seawater conditions. Furthermore, as a mov-
ing fluid restricts solid-solid contact in the case of NaCl and
seawater environments, the friction coefficient is less in these
environments. Beyond eutectic composition, the friction coef-
ficient rises suddenly because of the increased size of primary
silicon particles as needle-like intermetallics [47]. The friction
coefficient is also high for hypereutectic alloys in the corrosive
environment due to increased pits and surface pinholes [48]. The
friction coefficients for three different environments are close
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Fig. 4. Variation of coefficient of friction as a function of Si content into
Al-based automotive alloys at applied pressure 2.55 MPa and sliding dis-
tance 0f 923.2 m at a velocity of 0.51 m/s under different environments



to each other. The oxide layer is thinned by more aggressive
corrosion action in the hyper-eutectic alloy, making the surface
condition almost the same under all environments [12].

3.3. Optical micrographic observation
The optical microscopic images of the surfaces of the
experimental Al-based automotive alloys before and after wear

in dry, 3.5% NaCl and seawater are shown in Fig. 5. Adequate
information cannot be acquired from this type of unetched
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microscopic images. With the addition of Si, the a-Al phase
with intermetallic particles scattered in intergranular and
grain boundaries appear, and the eutectic phases increase. The
amount of Si present can be identified by the lighter and darker
spots on the surfaces prior to wear or corrosion. The darker
spots represent the intermetallics containing Si and primary Si
particles [49]. Furthermore, some blowholes and pinholes can
be observed too, which might be the result of primary silicons.
The interface temperature is increased at applied loads, which
softens the material. As a result, thin metal layers are removed
from the surfaces, causing the propagation of microcracks. This

Sea water

3.5% NaCl

Fig. 5. Optical micrograph of worn surfaces of experimental alloys before and after wear for 923.2 m at an applied pressure of 2.55 MPa and

sliding velocity of 0.51 m/s under different sliding environments
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phenomenon is evident from the crater and tiny grooves visible
in the figures of worn-out surfaces in the dry sliding condition.
It is visible from Fig. 5 that in the dry condition, the wear marks
on the worn surfaces are less in the alloys with higher Si content,
as a higher amount of Si-rich Mg,Si precipitates increase the
strength of the alloys. Wear marks are relatively reduced because
of the Si-rich phase, especially Mg,Si reinforced particles, into
the grain. Small, deep plowing and grooves with high delamina-
tion are observed in 17.9 wt.% Si added alloy.

In the case of NaCl and seawater corrosive environments,
the surfaces of 0.2Si appear substantially demolished. The ab-
sence of Si lets the phases B-Al;Mg,, MgAICu, Mg(ZnCuAl),,
etc., develop, which are often attacked by corrosion agents.
Between the surfaces of 0.2Si doped alloys in these two environ-
ments, the one under seawater condition exhibits worse surface
condition than the one under NaCl condition. The less damaged
surface and more compact protective layers are observable for
higher Si-added alloys. Nevertheless, 17.9 wt.% Si added alloy
is an exception, as usual, depicting a more ruined surface state
than those with lower silicon. The brittleness of phases of primary
Si might be the reason [50].

Fig. 6 shows the optical micrographs of the abrasive dust
particles generated from the wear test of the automotive alloys
under the dry sliding condition. The granular shaped dust par-
ticles of the alloys are mixed with some chips created from the
stainless-steel disc. Again, varying sizes and shapes of both the
dust particles and stainless-steel chips in different experimental
alloys are observed in the figure. A finer size of stainless-steel
chips is found in alloys with more Si. As Si is added to the alloys,
the intermetallics become finer, along with the refinement of
grain structures, which increases hardness of the alloys. The in-
creased the hardness and refined grains of the alloys are the rea-

12.7Si

son for producing finer abrasive particles from the stainless-steel
counter body. It is similar to that a grinding wheel produces fine
particles with fine grit of the grinding wheel [51,52]. It can also
be observed from Fig. 6 that the relative quantity of stainless-
steel chips to the chips from the sample gets higher in alloys
with higher Si percentages.

3.4. Scanning Electron Microscopy Observation

SEM microphotographs of base Alloy 1 and 12.7Si added
Alloy 4 after wear for the above identical conditions are shown
in Fig. 7. As 12.7Si added Alloy 4 shows the best wear per-
formance in each environment, SEM and EDX observations
are made between this alloy and the base Alloy 1, with a trace
amount of Si. The figure depicts that the surfaces under the dry
condition are mostly damaged from abrasive wear with oxides,
which is dictated by scratches with random crevices and deep
marks spread throughout. On the other hand, small, grooved
cracks, and dislodged material, demonstrating a combination
of mild and smooth abrasive grooves filled with oxides, are
visible on the surface of 12.7Si added alloy, which proves that
it has better wear resistance. The reason is that a higher level of
Mg,Si and B-AlsFeSi is formed as intermetallics, strengthening
and hardening the alloys as Si is increased [24,25]. Deep wear
marks are also identifiable in the SEM images of Alloy 1 in
corrosive environments. However, oxide layers are developed
on the surface as corrosive products when exposed to corrosive
environments, NaCl, and seawater. Besides aluminum, silicon,
and magnesium oxides, an additional compact layer with Na*
is formed on the surface in NaCl and seawater environments.
These layers provide an intermediate film between the surfaces

17.9Si

Fig. 6. Optical micrographs of the wear dust under the dry sliding condition



of the sample and the disc and minimize wear. Again, the smooth
layers also reduce the friction between the surfaces. As a result,
the surfaces of the alloys in corrosive environments have com-
paratively lower wear marks, which is evident from Figs. 7(c)
to 7(f). Nevertheless, seawater has several additional elements
absent in NaCl, which are involved in forming a thicker layer
on the surface. Thus, comparing the three environments, the
alloy under seawater has the fewest wear marks, identified in
Figs. 7(e) and 7(f).
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The wt.% of the components on the surface of Alloy 1 and 4
after corrosion under dry, 3.5% NaCl and seawater environments
obtained from the EDX analysis is presented in TABLE 1. Ob-
serving the comparative percentages of Si and Al for among the
three environments, it can be noted in both alloys that the wt.%
of Siand Al is higher for the NaCl environment than for seawater
and is highest for the dry condition. It indicates that additional Si
particles remain on Alloy 1 and 4 under NaCl. The dry condition
protects the surface and keeps more Al from erosion, because the

The surface composition of the alloys after wear under dry, 3.5% NaCl, and the seawater environment,
respectively, according to the EDX analysis

TABLE 1

Content, wt.%

Environment Alloy

Al Si 0 Mg

Fe

Cu

Cl

Alloy 1 58.89 | 0.85 35.90 | 0.39

3.11

0.86 0

Dry Alloy 4 5534 | 9.20 | 2847 | 0.52

6.28

0.20

Alloy 1 71.81 0.08 | 21.99 | 0.32

1.60

1.03

2.21

oo |

3.5% NaCl

Alloy 4 54.25 8.10 | 30.41 0.53

2.94

0.87

1.55

olo|o|o|R

o
oo |o

Alloy 1 46.66 19.57 | 0.65

1.26

0.74

1.99

0.28

0.13

27.33

Seawater

Alloy 4 31.95 | 6.61 34.61 0.84

2.71

0.52

2.92

0.87

0.15
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Fig. 7. SEM images and EDX spectra of the worn surfaces of (a) Alloy 1, (b) Alloy 4 under dry condition, (c) Alloy 1, (d) Alloy 4 under 3.5%
NaCl solution environment, and (e) Alloy 1, (f) Alloy 4 under seawater environment for 923 m at an applied pressure of 2.55 MPa and 0.51 m/s

sliding velocity

wear is less devastating in these two conditions. The Mg content
is higher in Alloy 4 for every environment depicting an increased
amount of MgO on the surface. Na, in the case of NaCl and
seawater environment, and K, S, and Ca, for only the seawater
environment, seem to exist in higher amounts in Alloy 4 than
Alloy 1 as they are involved in forming protective layers. Again,
the decreasing trend of Cu is observed in Alloy 4 for each environ-
ment as Cu atom increases the susceptibility to corrosion [53].

4. Conclusions

From the conducted investigations above, the following
conclusions may be drawn.

1. Increasing silicon has led to more refined eutectic silicon
and more Si-rich intermetallics in the Al-based automotive
alloy matrix resulting in higher hardness. Consequently
a higher level of Si in the alloy decreases the wear rate and
friction coefficient under all three environments. Beyond
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the eutectic composition, the amount of primary silicon
is increased, which weakens the matrix, so a higher wear
rate and friction coefficient.

2. Trace or lower Si-containing alloys show a higher wear rate
in corrosive environments. At higher wt.% of Si, the mate-
rial loss reduces in the corrosive environments as several
protective layers associated with Si are created. Seawater
forms more layers with the additional elements present in
it. The additional Si present forms oxides, which provide
lubrication between the surfaces; hence, there is lower co-
efficient of friction. Beyond 12.7 wt%, the excess amount
of primary Si results in a higher wear rate and coefficient
of friction.

3. The optical micrography and SEM images indicate more
deep grooves in the base alloy compared to 12.7 wt% alloys
in all conditions. Again, oxide layers are visible in the SEM
photographs for NaCl and seawater environments, which
are thicker in seawater. The EDX spectra are congruent
with these phenomena.



(1]

(2]

(3]

(4]

(3]

(7]

(8]

(9]

(10]

(1]

[12]

The optical micrography of the abrasive dust particles under
the dry condition depicts that there are finer abrasive parti-
cles from the counter body for a higher percentage of Si, as
the alloys with higher Si content are harder and finer grains.
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