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Abstract

The present article discusses the combined effect of SiC reinforcement particle and in-situ formed Al;Ni on the mechanical
and wear behavior of AI-Ni-SiC composite. The composite was subjected to examination through microstructure, mechani-
cal and wear properties. The dry sliding pin-on-disc tribometer was utilized to study the wear behaviour of composite at a
varying load of 10-20 N and velocities of 1—1.5 m/s with 1500 m sliding distance. Microstructure reveals the formation
of in-situ Al;Ni phase and homogeneous distribution of SiC throughout the matrix. At the same time, it was also indicated
that the presence of Al;Ni phase i.e., hard particle and SiC reinforcement improved the mechanical and wear properties of
Al-Ni-SiC composite. The compressive strength and hardness of the composite increase consistently as the reinforcement
particle increases. The composite having 16 wt.% SiC shows the high compressive strength and hardness of 732.48 MPa, 49
HYV respectively. Composite having 4 wt.% SiC at high load 20 N with each frequency indicates the high wear rate of the given
composite. The result of worn surface analysis may be predicted the nature of wear mechanism either adhesive or abrasive
with oxidative in nature. The X-Ray Diffraction (XRD) of wear debris also confirms the oxidative nature of wear mechanism.
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1 Introduction

Aluminium and its alloy are most versatile materials used
in different areas viz, aerospace, automobile, marine etc.
due to its unique characteristics of having high strength
to weight ratio [1-4]. The wide range of Aluminium alloy
series has been developed with the variation in the major
constituent elements such as manganese, nickel, silicon,
copper, magnesium etc. to restrict the suitable application
by achieving desired properties [5—10]. The variation in the
major constituents may contribute to the evolution of dif-
ferent intermetallic phases Al,Cu, Al;Ni, FeAl etc., in the
Aluminium alloy which also attribute to the improvement
of the mechanical as well as wear properties of an Al-alloy
[11-13]. These intermetallics may play a vital role in high
temperature application, but somehow the volume fraction
of intermetallic can transform ductile to brittle characteris-
tics of an alloy [14].
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Aluminium based metal matrix composite has more
attracted toward the automobile and aerospace sectors as
compared with Al-alloy. Various researcher fabricated Al-
matrix composite having different reinforcement such as
Carbide (SiC, TiC, B,C) [4, 15-17], oxide (Y,0;, Al,05)
[18-20], Boride (TiB,) [21, 22], Nitride (AIN, Si;N,)
[23-26], Hydrates (TiH,) [27], etc. The reinforced particle
having high stiffness and modulus due to which there are
high strength and hardness to the matrix [28]. The Proper-
ties of composite depends on the wettability of reinforce-
ment, particle size, interface between reinforcement and Al-
matrix. The strength of bonding depends upon the thickness
of film developed at the interface of matrix and reinforce-
ment particle, which attribute to the load bearing capacity of
the composite. Among the various reinforced particle, SiC
having high potential of refractoriness, which make suitable
candidate for the application of Al-SiC are favoured to the
high temperature, wear resistance of the composite [29-31].

The tribological behaviour of metal matrix composite
relies on the reinforcement as well as intermetallic com-
pound. The various intermetallic compounds are conjugated
with Al-alloy, the formation of most common intermetallic
compound in Al-Ni system are Al;Ni, Al;Ni,, Al;Nis, NiAl,
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AlNij based on percentage of nickel content in aluminium
[32-34], these phases are very hard in nature which also act
as a reinforcement particle and enhanced the tribological
behaviour. In- situ formed Al;Ni phase are detrimental to
the tribological behaviour of composite due to having sharp
edge shape. Various researcher has introduced different rein-
force particle TiC, TiB,, Mg,Si etc. to enhance the tribo-
logical behaviour of Al-Ni composite [35-37]. The effect of
Al;Ni and SiC as a reinforcement particle in Al matrix are
not widely investigated.

From the literature it has found that the people are always
focus in the development of Metal matrix composite and
enhancing its properties. But, after the exploration of Alu-
minium metal matrix hybrid composites in the field of wear
there are still limitations in vast areas of wear studies and
optimization of its properties. Therefore, in this investiga-
tion focus on the combine effect of SiC and in-situ formed
AL;Ni reinforcement on tribological as well as mechanical
properties of Al-Ni-SiC composite, fabricated by stir casting
method. The incorporation of silicon carbide favoured to
tribological behaviour by the transformation of sharp edge
Al;Ni into a fibrous shape. Stir casting method is use to
fabricate ex-situ Al-Ni-SiC composite with the variation in
the percentage of Ni (5 wt.%) and SiC (4—16 wt.%). The dis-
persion of SiC in the AI-Ni matrix performed by thermally
coating of Silicon carbide on the Al-Ni alloy. The utility of
this composites is basically where the abrasive action takes
place between two bodies and makes the relative motion in
the field of automobile like cylinder liner, disc, connecting
rod etc. The characterization technique such as microstruc-
ture, X-ray diffraction (XRD) (Model- Rigaku Miniflex 600),
scanning electron microscope, atomic force microscopy was
used to investigate the wear mechanism as well as mechani-
cal behaviour of Al-Ni-SiC composite.
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Fig. 1 SEM micrograph of SiC reinforced particle size
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2 Materials and Methods

In this investigation Al-Ni master alloy was procured from
Matrics Pvt. Lt. (Tamilnadu) (Table 1) and SiC (40-80
micron size) from R.K Scientific (Varanasi). The Scanning
electron micrograph (SEM) of reinforcement particle is
shown in the Fig. 1.

The effect of SiC on wear properties of Al-Ni-SiC com-
posite with the variation in the load and velocity was inves-
tigated. The parameters of wear test are listed in Table 2.

AI-Ni-SiC composite was fabricated using stir cast-
ing process as shown in Fig. 2a. Initially Aluminium alloy
was melted in a resistance heating furnace at temperature
of 720°C, then pre-heated Al-Ni master alloy was added to
achieved Al—5% Ni Alloy. After that pre-heated SiC was
added to these melts to achieved Al—5 wt.% Ni-(4 wt.%—
16 wt.%) SiC composite and finally poured in copper mold
having the dimensions of 10 cm X5 cm X5 cm.

A dry sliding pin-on-disc tribometer (Model-Ducom,
Serial no-1192) was utilized to analyze the change in wear
behavior of Al-Ni-SiC composite. Initially the sample
was polished with different grit of emery papers range
of 1000-2500 and further clean with acetone before the
wear test as shown in Fig. 2b. Ducom tribometer having
EN?31 disc hardness 65 HRC was used to perform the wear
test. The parameter of the wear test was load and velocity,
load varies from 10-20 N whereas, velocity varies from
1-1.5 m/s respectively with fixing the sliding distance of
1500 m for all the experiments. These parameters were
used to perform the wear test of each sample at ambi-
ent temperature as shown in Fig. 2c. The weight loss was
calculated on the basic of volume loss that was measured
before and after the test. After the test, wear tracks of

Table 1 Chemical composition of the Al-Ni alloy

Composition Al Ni Fe Cu

Al-5Ni 94.50 5.0 0.001 0.32

Table2 Wear test parameter

Material Composite wt.% SiC Wear testing parameter
Load (N) Velocity Sliding
(m/sec) distance
(m)
Al-5 wt.% Ni  Al-5Ni-4SiC 10 1 1500
Al-5Ni-8SiC 15 2
Al-5Ni-12SiC 20

Al-5Ni-16SiC
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Fig.2 a Cast product of Al-Ni-
SiC composite, b wear sample
before test ¢ wear sample after
test

all the sample were examined by the Scanning electron
microscope (SEM Model- EVO MA15 / 18) and for sur-
face roughness value the atomic force microscopy (AFM)
(Model — NTEGRA Prima) was used.

For Microstructural analysis a conventional route was
followed such as grinding and polishing in a different
grit of emery paper and then final polishing was done in
cloth polisher using alumina suspension. For clear visibil-
ity of the phases and particles present in the sample, all
the samples were etched with keller’s reagent (H,0-95%,
HNO;-2.5%, HF- 1%, HCI -1.5%) and micrograph of
composite was taken using optical microscope (Leica
-DFC295). Vickers hardness (model- Leco 700) was used
to analyze the microhardness of the composite with 1 kg
load and 10 s dwell time. Three different location of the
sample was taken the hardness and average values was
reported.

The cylindrical shape sample was prepared for com-
pressive test having (diameter 5 mm, height 15 mm).
Compressive test was carried out in Instron UTM Machine
(Model-Instron 4206) having static load at a fixed strain
rate of (1073 s™!) at ambient temperature. Test was done 3
consecutive times and sum of value was reported.

3 Results and Discussion

3.1 XRD

The phase present in the Al-Ni-SiC composite was identified
by X-ray diffractometer which is shown in Fig. 3. The phases
were identified as a-Al, Ni, SiC, Al3Ni and Al;Ni,. It was
observed that with the variation from 4-16 wt.% in SiC there
was no extra peak was observed which states that with the
addition of SiC, the phase transformations do not take place
as which states that SiC in the matrix behaves as an ex-situ
reinforced particle. As the Aluminium is matrix materials
the Al peaks appeared as sharp and strong.

3.2 Microstructure

Microstructure of Al-Ni-SiC composite with the variation
of SiC content are shown in the Fig. 4a—d. The micrograph
having a-Al (white), a-Al+ Al;Ni eutectic (bright-dark
gray region), SiC (dark polyhedral), Al;Ni (needle shape)
and Al;Ni, are shown in the Fig. 4. The formation of Al;Ni
and Al;Ni, basically depends on the variation of Ni content
but the Ni content was 5 percent, the Al;Ni, was embed-
ded inside the Al;Ni in low magnification it was difficult

Fig.3 XRD pattern of Al-Ni- N
SiC Composite T oo
+4SiC - A e
JALNi- @ .
Al3Ni2"|/ ey v © o AISNI4SI
? 7 QY A A .9?1: ? : : 5Ni4SiC
& 4 i
2
Z AISNi8SiC o
g
= ] : [
- :
] AISNi128iC
L | s
]  —_—>
J P ——
] P AI5Ni168iC 40

0 10 20 30 40 50 60 70 80 90 100 110

20 (degree)

@ Springer



3900

Silicon (2023) 15:3897-3908

Fig.4 Optical micrograph of
Al-Ni-SiC composite having
Al—5 wt.% Ni and a 4 wt.%
SiC, b 8 wt.% SiC, ¢ 12 wt.%

SiC, d 16 wt.% SiC 3
A13N12

Eutectic

Eutectic

\

to distinguished [38]. The Al;Ni and Al;Ni, are hard phase
present in the Al-Ni matrix attribute to a reinforcement in
the matrix. The SiC and Al;Ni are reinforcement particle
present in the matrix and uniformly distributed throughout
the matrix. SiC help to disintegrate of Al3Ni and Al;Ni,
as shown in the micrograph, as the weight percent of SiC
increases from 4 to 16 wt.% which fragments the sharp edge
nature of AI;Ni. Initially the shape of Al;Ni and Al;Ni, is
sharp edge needle structure as shown in Fig. 4a and b, with
further addition in SiC the structure of Al;Ni and Al;Ni,
modified to the fibrous form as indicated in Fig. 4c and d.
The formation of fibrous Al;Ni and Al;Ni, enhanced the
mechanical properties with variation in the SiC content. The
presence of needle shape may attribute to the stress con-
certation that act as origin of crack initiation which is not
desired for material properties.

3.3 Hardness

Vickers’s Hardness values of the Al-Ni-SiC composite
increases on addition of SiC reinforcement particle. As
the SiC is hard particle which influence the hardness of the
matrix due to its stiffness, the distribution of SiC and in-
situ formed Al;Ni as well as Al;Ni, also plays a major role
to the enhancement of hardness of the matrix. Al;Ni and
SiC act as the nucleation site of the matrix solidification
that’s refine the grains and make a strong bonding with
Aluminium matrix. From the Fig. 5 it was seen from the
result that the hardness of matrix having 4 wt.% SiC is low
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Fig.5 Vickers’s Hardness of the Al-Ni-SiC composite

as compared to the 8 wt.% SiC in the matrix, so the 4 wt.%
SiC distribution in the matrix not enhanced to the certain
range of the matrix hardness. Due to having wide distribu-
tion of SiC in the matrix as compared to the 12 wt.% SiC
and 16 wt.% SiC composites. Hence the concentration and
distribution of the SiC and in-situ formed Al;Ni as well as
Al;Ni, directly proportional to the hardness of composite
as shown in Fig. 5 having hardness value 42HV, 44HYV,
47HV, and 49HV of 4, 8, 12 and 16 wt.% SiC respectively.
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Fig.6 Compressive strength of Al-Ni-SiC composite

3.4 Compressive Strength

Figure 6 illustrates that the compressive strength of the
composite having composition Al 5 wt.% Ni and (4-16)
wt.% of SiC. The test was conducted at fixed strain rate of
1073 51, The strain that sustains during the test was meas-
ured as the total strain of the material was reported in the

Table 3. As we increase the SiC percentage the compres-
sive strength also increases consistently. The composite
having 16 wt.% SiC shows the higher compressive strength
around 732.48 MPa. Result obtained during the test was
similar to the conventional strain hardening effect of typi-
cal metallic material. The lower value of compressive
strength was observed at 4wt%SiC due to having needle
shape of AI;Ni as well as Al;Ni,, which forced the shear
deformation along shear plane at 45° to the loading action.
As the percentage of SiC increase, the fibrous Al;Ni and
Al;Ni, resist the shear deformation that results in the weak
barreling effect of the matrix and enhanced the compres-
sive strength of composite [39].

3.5 Dry Sliding Pin-on-disc Tribometer

A dry sliding pin-on-disc tribometer was utilized to con-
duct wear test and compute the wear rate of the Al-Ni-SiC
composite by the following Eq. (1). Based on the weight
loss with applied load the rate of wear of the composite
was estimated as shown in Table 4. The results obtained
from wear test were good agreement with the Archard’s
law that volume of wear debris formed directly related to
the applied load and sliding distance.

Table 3 Theoretical calculated

. ! Samples Strain rate (s~ 1 Compressive Total Strain (%) Strain
stra.ln energy and totfﬂ strain on Strength (MPa) Energy
static load compressive test (MJ/m?)

Al-5Ni-4SiC 1073 442.46 59.34 147
Al-5Ni-8SiC 501.64 60.76 99
Al-5Ni-12SiC 602.57 66.37 98
Al-5Ni-16SiC 732.48 70.15 169

Table 4 Wear rate of the

. Sample Weight loss (gm)  Wear rate (gm/m)  Weight loss (gm) ~ Wear rate (gm/m)
comp051te
1 m/s 1.5 m/s
AI5Ni4SiC I0N  0.0033 22x107° 0.0081 5.4x107
I5N  0.0037 2.4x107° 0.0083 5.5%x107
20N 0.0062 4.1x107% 0.00147 9.8x107°°
AI5Ni8SiC I0N  0.0024 1.6x107° 0.0054 3.6x107°
I5N  0.0037 2.4x107° 0.0079 5.2x107
20N 0.0055 3.6x107° 0.0133 8.8x107°
AI5NiI2S8iC 10N 0.0022 1.4x107 0.0037 2.4x107
I5N  0.003 2%107 0.0072 48x107°
20N 0.0029 1.9%10°° 0.0107 7.1x107
AI5Ni16SiC 10N 0.0016 1.0x10°° 0.0002 1.4x107
15N 0.0029 1.9%10°° 0.0052 3.4%10°
20N 0.0029 1.9%107 0.0055 4.6%x107°
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Weight loss

Wear rate = ——————
sliding distance

ey

3.5.1 Effect of Load

There are various parameters like load, velocity, sliding
distance etc. that effects the rate of wear of the material.
Figure 7 indicates the weight loss of composite in the varia-
tion of load with respect to the sliding velocity and observed
that the weight loss of composite was the function of load
with respect to velocity. From the Fig. 7a at velocity 1 m/s
observed that weight loss increases as the load increases
whereas there was decrement in weight loss with respects
to the percentage of SiC reinforcement particle. The higher
weight loss was observed in the composite having 4 wt.%
SiC than the composite having 16 wt.% SiC. It was also
indicated that enhanced the wear resistance of the Al-Ni-SiC
composite as the SiC content increases similar result was
found by Sarmah et.al [37].

The composite having 4—8 wt.% SiC, the nature of
weight loss graph was quite similar with the applied load,
the weight loss of the composite increase with respect to
load. Whereas as the weight % of SiC increase beyond the
8%, the trend of curve was changed. And also observed that
composite having 12 wt.% and 16 wt.% have similar nature
of curve, which states that as the percentage of SiC increased
that enhanced the wear resistance of composite. Therefore,
as the increase in content of SiC beyond an optimum per-
centage that deviate the increasing tendency of curve to dec-
lination in weight loss curve. At low wt.% of SiC, the weight
loss increases due to the hard SiC and in-situ formed Al;Ni
as well as AL;Ni, particle may act as three body abrasion
wear mode after impingement of SiC particles. The com-
posite having beyond 12 wt.% enhanced the wear resistance
due to more refinement of AI;Ni as well as AL;Ni, phase
from needle shape to fibrous form, these fibrous shapes
improve the hardness of composite and enhanced the load
sharing capacity between matrix and reinforcement parti-
cle. The fibrous structure resists the detachment of SiC on

the surface, which delay the three-body abrasion action and
hence enhanced the wear resistance of composite having
16 wt.% SiC as shown in Fig. 7a. As the velocity increases
from 1-1.5 m/s as shown in Fig. 7b, the nature of weight loss
curve was similar trend of composite having 4-16 wt.% SiC
and indicated that the weight loss of composite increases
with increasing load. At 20 N load and 1.5 m/s sliding veloc-
ity, the composite having 16 wt.% SiC shows more wear
resistance as compared with rest [40].

3.5.2 Effect of Velocity

Velocity is also the one of most important parameters
to cause a wear phenomenon of the composite. The
Fig. 8a shows the effect of velocity with respects to weight
loss at constant load of 10 N. The result shows that, as
the velocity increases the weight loss of the composite
increases and as the weight % of SiC increases, the nature
of curve shows the converging trend towards each other,
which states that as the weight % of SiC increases the weight
loss decreases with respect to increase in velocity. At high
load of 15 N and 20 N with the variation in the velocity
at 1 m/s and 1.5 m/s, it was observed that there was wide
gap between weight loss curves. It was observed that as the
velocity increases from 1-1.5 m/s at 10 N -20 N of 4 wt.%
SiC the percentage of weight loss increases 145%, 107% and
137% respectively whereas for 16 wt.% SiC the percentage
of weight loss increases 25%, 80% and 89% respectively and
observed that as the velocity increases weight loss increases.
The increased in the velocity at different load shows less
variation in weight loss in composite having 16 wt.% SiC as
compared with 4 wt.% SiC. Hence 16 wt.% SiC composite
shows higher wear resistance with the variation in the veloc-
ity at different load due to the modification of Al;Ni and
Al;Ni, shape from needle to fibrous shape [41].

3.5.3 Effect of Load and Velocity on Coefficient of Friction

The coefficient of friction (COF) directly related to applied
load, the percentage distribution of ceramic reinforcement

Fig.7 Weight loss vs Load a 0.007
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Fig.8 Effect of velocity and 0.009 T 0.009
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particle SiC, in-situ formed AI;Ni, Al;Ni, and the velocity
employed for the composite sample. It was evident during
the performance of wear test that the existence of reinforce-
ment particle in the matrix, applied load and the surface
roughness of the sample plays a crucial role to determine
coefficient of friction. From the Fig. 9a it was indicated that
the COF value varies from 0.1 to 0.9 with the variation of
SiC particle. The matrix having 8,12 and 16 wt.% SiC shows
the similar range of the COF value during the sliding dis-
tance of 1500 m but 4 wt.% SiC has the variation in the
COF value during the sliding distance of 1500 m. Up to
750 m travel the COF shows the uniform values of about
0.2 but beyond 750 m it raised in the range of composite
having higher percentage of SiC. As the velocity increased
to 1.5 m/s it shows similar trends of COF for all the compos-
ites. But 4 wt.% SiC has the higher COF in some aspects of
distance due to presence of lower amount of SiC particles
which at higher velocity shows less wear resistance as com-
pare to other [16].

At load 15 N and velocity 1 m/s, the COF value lies in
the range of 0.2 to 0.7 of all the composite but 4 wt.% SiC,
8 wt.% SiC and 16 wt.% SiC shows the COF value in the
range of 0.4 to 0.7 in similar fashion but 16 wt.% SiC has the
COF value in the range of 0.3 to 0.45 which is lowest among
the rest whereas at 12 wt.% of SiC the COF value varies
with sliding distance as shown in Fig. 9c, it was observed
that up to 1000 m sliding distance the COF value remains
constant approximately 0.2 but beyond the 1000 m up to

T T T T
AISNi4SiC  AISNi8SiC  AISNi12SiC  AISNi16SiC
Samples

1500 m of sliding distance, the COF value raised to the
range of 0.3 to 0.7. As the velocity increased to 1.5 m/s the
COF value ranges from 0.4 to 0.8 which states that as the
velocity increase the COF value also increases as shown in
Fig. 9d but the composite having 4 wt.% SiC has the higher
COF value in the range of 0.6 to 0.8 among the rest, which
might be due to having low percentage of SiC reinforcement.

At load of 20 N and velocity 1 m/s the COF value lies in
the range from 0.2 to 0.8 of all the composite as shown in
Fig. 9e and also observed that the composite having 8 wt.%
SiC, 12 wt.% SiC and 16 wt.% SiC shows that the COF val-
ues overlap to each other but 4wt%SiC has inhomogeneity in
the value of COF as shown in the Fig. 9e, initially 4wt% SiC
composite shows the COF value 0.2 up to 300 m of sliding
distance beyond 300 m the COF value starts to increase and
beyond 600 m the COF value of the composite overlaps with
rest. With the increasing velocity from 1 m/s to 1.5 m/s the
stacking of COF value was observed as shown in Fig. 9f the
composite having low percentage of SiC reinforcement has
the higher range of COF and the composite having higher
percentage of SiC shows lower COF value [42].

3.5.4 Morphological Analysis of Worn Surface
The worn surface of the composite was investigated by
Scanning Electron Microscopy, the morphology of the wear

track shows the nature of wear by which it may be predicted
about the wear mechanism. The dry sliding wear track of
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Fig.9 Coefficient of friction of L4
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the composite are shown in the Fig. 10, signifies the com-
plex phenomena of mixed mode of abrasion and adhesion
mechanism. The rubbing action between the sample and disc
depends on the sample’s surface roughness as well as hard-
ness and applied load which results in the generation of heat,
initially at low load (10 N) and low velocity (1 m/s) shallow
groves, oxides layer, ploughing surface in some areas having
scar mark are shown in Fig. 10a, c, e and g which is due to
the abrasion action. As the load (15 N) and velocity (1.5 m/s)
increases, the heating action also increase which soften the
surface as observed in the Fig. 10d. The heating action facili-
tates the oxide formation on the surface, which delaminates
at higher load (20 N) and velocity (1. 5 m/s) results in the
three-body abrasion mechanism and accelerates the wear
rate shown in Fig. 10f having marks of deep grooves, oxida-
tive wear etc. The debris particle formed during the sliding
of three body abrasive mechanism. This may be due to rub-
bing of AI3Ni, Al;Ni, and SiC reinforcement particle in the
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matrix with hard steel disc [31, 43]. The tribolayer when
delaminates the matrix as well as the reinforcement particle
to form the finer debris during wear occurs the mechanical
alloying. SEM micrograph shows the mechanically mixed
layer (MML) formed by the action of force applied which
stick to the sample itself [44].

3.5.5 Atomic Force Microscopy Observation

After the dry sliding wear test the surface roughness values
and surface morphologies were also the outcomes of the
wear behaviour. Characterization of 3D morphology of worn
surface was done by atomic force microscopy as indicated
in Fig. 11. The sample surface scratches were deeper and
wider in case of higher load and higher velocity of 16 wt.%
SiC and 12 wt.% SiC containing composite as compare to
composite having 8 wt.% SiC and 4 wt.% SiC. The large val-
leys were in seen composites having 12 wt.% and 16 wt.%
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Fig. 10 Surface morphology of
wear track at velocity 1 m/s and
Load 20 N of Al—5 wt.% Ni a

4 wt.% SiC, b 8 wt.% SiC, ¢ 12

wt.% SiC, d 16 wt.% SiC and at
velocity 1.5 m/s and Load 20 N
e4 wt.% SiC f 8 wt.% SiC, g 12
wt.% SiC, h 16 wt.% SiC
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SiC this can be the consequence of sliding after some dis-
tance which softened the sample due to rise of temperature
during the rubbing of two hard surfaces i.e. composite and
steel disc. Those higher concentration and uniformly distrib-
uted reinforcement particles created the three-body abrasion
situation, which scratches deeper in whole contact areas of
the composite sample. These SiC reinforcement particle

and AL;Ni as well as Al;Ni, hard particle give rise to the
more surface roughness value. In the AFM Micrograph val-
leys represents the region of material were removed more
as compare to deeper and shallow region. A narrow and
shallow valley were seen in composite having 4 wt.% and 8
wt.% of reinforcement particles, in this reason a three-body
abrasive effect the less in its action during the wear test [45].
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Fig. 11 Surface roughness of
composites having a 4%SiC,

b 8%SiC, ¢ 12%SiC and d
16%SiC at 20 N load and veloc-
ity at 1.5 m/s
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Fig. 12 XRD of Wear debris

3.5.6 XRD of Wear Debris

The X-ray diffraction peak of the wear debris analysis was
found to be the presence of phases and formation of com-
pounds in the composite after the wear test. The major
phases in the debris are identified as a-Al, SiC, Ni, Fe,
Al;Ni, Al3Ni,, Al,O5 as shown in Fig. 12. The presence of
Iron peak also found in the XRD pattern which depict that
the iron particle also impinges from the EN31 disc resulting
the abrasive wear between hard particle SiC and Al;Ni in
the composite. Oxidative wear also takes place in the high
load (20 N) and high velocity of 1.5 m/s which tells that the

@ Springer

(b)
0.46 ym 0.17 ym
-0.49 ym 0.15um
0.20 ym
-0.13 ym

oxygen picks up from the atmospheric air because the rise of
temperature softens the mechanically mixed tribolayer [46].

4 Conclusion

In the present study, an Al-5Ni-(4—-16 wt.%) SiC composite
having 5 weight percentage of Nickel and variation of SiC
(4-16 wt.%) was successfully fabricated using mechanically
stir, casting process. Current findings observed the following
conclusion.

1. In fabricated composite the microstructural study
revealed that the SiC particle and Al;Ni phase uniformly
distributed throughout the matrix.

2. Compressive strength and hardness of composite having
16 wt.% SiC was increased by 65% and 16% respect to 4
wt. % SiC.

3. It was observed that reinforcement of 16 wt.% SiC par-
ticle shows the higher wear resistance of the Al-Ni-SiC
composite at higher as well as lower load.

4. Wear test Parameter like load and velocity has the detri-
mental effect on the tribological behaviour of compos-
ite and observed that at low load and low velocity the
wear rate was 2.2 x 107 whereas at higher load 20 N and
1.5 m/s was 9.8 x 107° of composite having 4 wt.% SiC.

5. From the worn morphology of the wear sample, we
observed the presence of grooves, scars, deformation
ridges, delamination, oxides layer etc. which states that
mode of wear mechanism are three body abrasive and
adhesive.
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6. The XRD of wear debris shows the presence of oxide
phase which gives the information of oxidative mode of
wear inspite of adhesive and abrasive wear.
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