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ABSTRACT

The present study focusen the wear performance of AA6063ICp (1, 1.5 and 2wt.

%) of nanocompos$es at dry sliding condition. The nanocomposite specinvesrs
fabricated through ultrasonic assistnl casting techique. The wear experimenisre
conducted under normal atmospheric conditiaemg a pirontdisc apparatusThree
different applied nanal loads on nanocomposite pin (1015N, and 20 N; atvarious
sliding velocities of (1 m/sl.5m/s, and 2n/s); and at sliding distances of (1060 2000

m, and 3000m) were considered. The influergeof applied normal load on
nanocomposite pin, wt. %f SiCp reinforcement particles, sliding velocity, and sliding
distance on both friction coefficient and wear lagse studied. The changes of wear loss
and friction coefficient with varying applied normal loads, sliding velocities, and sliding
distanceswere plotted It was observed thathie wear loss increaddinearly with
increasing sliding distance and sliding velocity. Migsdue to the increase of oxidation
layer on the pin surface. The average friction coefficient at sliding velocity 1 m/s for 1
wt. % of SiCp, 1.5 wt. % of SiCp, and 2 wt. % of SiCp reinforced nanocomposites at
sliding distance 3000 m, at 20 N normal loads0.29, 0.43, and 0.46, respectively. The
average friction coefficient at 2 m/s sliding velocity tfloe same load and slidg distance
was0.26, 0.27, and 0.28, respectively. The increase of SiCp reinforcement in the matrix
increasd the friction coefficient due to its cubic crystal structure. The increase of sliding
velocity and sliding distances redddhe friction coefficent. The wornsurfaces of the
samples were examined using SEM and Edldlyes. SEM micrograph analysis of the
wear surfaces of the nanocomposites exhibited the abrasiomamdeadidative wear with
severe plastic deformation. The shallower scratchesyairgrooves, and deeper grooves
were identified at different conditions on the worn surfaces.

Keywords:AA6061; dry sliding; sliding velocity;wear lossgoefficient of friction;worn
surfaceexamination.

INTRODUCTION
Metal matrix composite@MMCSs) play a significant role in wear, structural, electrical,
and thermal applicatioraf the present industry because of tiseiperior propertieghigh

specific strengttio weight ratio and low costompared to base alloys. The properties of
the MMC depenslon the type of matrix material, type of reinforcement, reinforcement
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particle size and fabrication procefs3]. The micron size reinforced metal matrix
compasites can achieve goatrengthhoweverthe ductilityof the materiateduces. The
micron size particles have less surface area to volume ratio and act ascnawéro
initiators in the matrix, which leads to a remarkable decrementeirdtictility of the
composites[3-6]. Many researchers proved that the ceramic +sared particle
reinforced metal matrix composites attained good strength with sicultzility of the
metal matrix[6-8]. Ceramic particleSinfluence on the ductilitys lessbecausef ther

large surface area to volume ratiwhich leads to less crack imtion compared to
micronsized reinforced composites. However, the strength of the composites is
influenced by uniform dispersion of reinforcements in the matrix. The homogeneous
dispersion of nano ceramic reinforcements in the matrix is important betpusé@des

an excellent balance between ceramic particles andpatécle distance, and which
extends the yield strength exponentially with good creep resis{@hc®esearchers
investigated various lightweight metal matrix composite materials; among them,
aluminium based metal matrix composites (AMMG@sterials are efficient due to their
good permissible properties for the various industeat structural applications
patticularly for cylinder liners[10]. The particle reinforced aluminium metal matrix
composites are easy to fabricate andg #reisotropic compared to the fi@or whisker
reinforced aluminium composites.

The aluminium metal matrix compositase replacing the aluminium alloys to
avoid disadvantagesuch agpoor wear resistance, poor corrosion resistamzdower
strengths atlevated and room temperatufdd]. In many applications, wear is the main
problem which decreases the lifespan of the components. The ceramie nano
reinforcement particles have a special attention to their outstanding properties such as
high strength per density, high melting point, better wesistance and good corrosion
resistance[12]. The properties of aluminium metal ma&tcomposites improve by
reinforcing @ramic particles such as SiCp3], Alo0O3z[14], B4C [15], TiB2[16], AIN
[17], and TiC[18]. Among all the ceramic reinforcements, the SiCp ceramic particles
reinforced aluminium ba&sl composites attain good mechanical properties and wear
resistance. Goudarzi et fl9] revealed that thedaition of SiCp nanoparticles improved
the wear resistance compared to micron size SiCp reinforcements in the aluminium matrix
because the crack initiators dmverin the case of nanoparticle reinforced composites
compared to micron size particle rerced composites. Rao et 0] investigated wear
behaviour ofthe aluminium alloy (AtZn-MQ)/SiCp compositest dry condition and
reported that the wear properties and strength are better than that of base alloy. Similar
studies in dry sliding condition on AA7010/SiCp, AA7009/SiCp, AA2024/SiCp and (Al
Cu-Mg)/SiCp composites exhibited that the wear resistancesigagicantly higher than
that of the base materif21, 22]. Hassan et a[23] examined the wear behautroof
aluminium alloy (AtMg-Cu)/SiCp composites at dry condition and reported that silicon
carbide particles shared the main role in improving the wear resistaneehefdh alloy.
Suresha et a[24] reportedthatthe Al/SiCp reinforced composites have higher strength
and wear resistance thanrpualuminium. Mazahery et al25] found that the wear
behaviar of AA6061 alloy at dry condition by reinforog various sizes of SiCp micren
sized particles in the matrix resulted in better wear resistance compared to the base
material andbetter wear resistance is achieved witiver reinforcement particle size.
Sivaiah et al[26] studied the wear behaviourtbie AA5083/SiCp nanocomposites at dry
conditionandthey revealea significant improvement in specific wear rate compared to
the base material. Darmiani et §7] studied the wear behaviour of AA1050/SiCp
nanocompositem dry sliding conditiorand found that the wear reg@ance improved by
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increasing the number of roll bonding cycles. Many investigators observed that the wear
resistance of the composites increased with increadiegweight percentage of
reinforcements inmatrix material [28]. However, the hardness of the composites
increasd with increase in theveight percentage of the ceramic reinforcements in the
matrix material. The wear resistance increlabg increasing the hardness of the
composites. The literature supports and confirms that the wear properties of nanoparticles
reinforced aluminium metal nya composites are better than matrix alloy.

The objective of the present research work is to fabricate AAGIEY (1, 1.5,
and 2wt. %) of metal matrix nanocomposites by ultrasonic assisted stir casting technique
and to evaluate the wear propertiés.this study, the effestof SiCp reinforcement
guantity in the matrix, sliding velocity, applied normal loads on pin and sliding distance
on the friction coefficient and wear properties of the nanocompagéesstudied The
Scanning Electron Microscep(SEM) images andenergy Dispersive xRay EDX)
spectrum of the wear surfaces of the nanocomposites amaitgsed to understand the
type wear mechanism

METHODS AND MATERIALS

Experimental Details

Materials

A commercial ingot of an AA6061 alloy at T6 condition with a fatmmomposition of
Al-0.95 Mg0.54St0.22Fe0.13Mn0.17Cu0.09Cr0.08Zr0.02N0.01Ti was used as

the matrixmaterial anchano silicon carbide was chosen as reinforcement. The AA6061
alloy was supplied by Bharat Aerospace Metals, India. The beta phasae siitbide
(SiCp) nanereinforcements with an average particle size in betweedb4®m of purity

99% were supplied by US Research Nanomaterials, Inc, USA. The crystal structure of
silicon carbide is cubic. The details of the AA6061 alloy and SiCp nandparae
provided in Table 1. Thasreceived SiCp nanoparticles and AA6061allarevobserved

for their size and purityoy using SEM(Figure 1) and XRD(Figure 2). The peaks of Al
(111),AI(020),Al(022),Al(131)andAl (22 2)for AA6061 glland he peaks

of SiCp (1 1 1), SiCp (2 0 0), Si-®igp (2 2 0
nanoparticlesvere recogrsed throughloint Committee on Powder Diffraction Standards
(JCPDB) software analysis

4

SEMHV150KV | WO: 14.11 mm I l VEGA3 TESCAN| SEMHV-300KV  WD:S13mm I l

SEM MAG: 1.50 kx Det: SE 20 pm SEM MAG: 100 kx Det: SE 200 nm
AIG061 U4 Date(midy) 121415 SicN-7 Date(mdy): 110516

Figurel. Asreceived material SEMnage of (a) AA6061 allgy(b) SiCp nanopatrticles.
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Table 1.Properties of raunaterialg29].

Material Density (g/cnd) Melting Point (°C) Coeflicient of thermal expansio

(m/m. °C)
AAG061 2.7 620 23x10°
SiCp 3.216 2730 5.12x10°
Al111)
= ]
2 AL©020)
>
=z AA 6061 alloy
=
g Al2y Ad3D
=l | I\ h Al(222)
SiCp (11 1) p-SiCp
ASICp 200) SiCp (220) SICp @ 11)
30 40 50 60 70 80 90
20 (Degrees)

Figure2. Asreceived AA6061 alloy and SiCp XRD patterns.

Fabrication of Nanocomposites

The nanocompositasere synthesed through the Ultrasonic assisted casting technique
with the combination of AA6061 alloy and 1, 1.5, and 2 9. of SiCp nane
reinforcements. The ultrasonic assisted casting setwsed for synthesis of
nanocompositess shownin Figure 3. The ultrasonic assisted casting method is a liquid
state process. In this technique, the ultrasonic energy prtheaonlinear effects into

the molten metal such as cavitation and acoustic streaminige uitrasonic cavitation
process, smabkized trangent zonesverecreate in the molten meland subjected thigh
pressures and temperatures with high heating and cooling rates. During this process,
shock force incorporatewith local high temperatures and disintegdatee clusters
which cleared the suface of the nano SiCp reinforcement particles. In this process, the
dissolved gases can lwemoved, molten metal purifie grain size reduce, and the
wettability in between the matrix and the reinforcement partisles improved The
reinforcement partles distribution in the metal matrix and grain refinement depended on
the ultrasonic intensityWettability and interface bonding between named SiCp
reinforcement and matrisnaterialwere good inthe ultrasonic assisted casting method
[30]. Ultrasonic apparatusasequipped withmaximum output frequenayf 20 kHz and
maximum powepf 2.4 kW.Initially, AA6061 alloy ingots of 500 gramsanemelted at
750°C temprature in a 150 mm height and 70 mm diameter graphite crucible by
resistance heating furnace. The SiCp nano reinforcement particles vided fo
aluminium foil andpreheated to 550°C in a muffle furnace. The preheated wrapped
aluminium foilwasfed intothe bottom of the graphite crucible with the help of a plunger.
Then the molten metal was mechanigadtirred usinga stirrer at 80 rpomThe constant
rotational speed was maintained for 10 min to have a complete mixing. Later, the
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ultrasonic probemadeof titanium alloywasdipped to a depth of 30 mm from the top
surface of the molten slurry

(1) Ultrasonic generator control
unit

(2) Ultrasonic generator

(3) Argon gas cylinder

(4) Argon gas supply hose pipe

(5) Ultrasonic probe

(6) Pressure regulator

(7) Air compressor

(8) Resistance heating furnace

(9) Graphite crucible

(10)Mild steel mould

(11)Ultrasonic probe cooling unit
with compressed air

(12)Furnace control unit

Figure 3. Ultrasonic assisted casting setup.

The ultrasonic processing frequency 20 kkwas used for sonication.
Subsequently, the mixture of molten slurrysy@ocessed with ultrasound energy wave
for 25 min to break up the clustered nano reinforcement particles. icatiee, ultrasonic
sonication, the graphite cruciblgas instantly removed from the resistance heating
furnace, andh slurry of molten metal wapoured into the mild steel mould. The mould
waspreheated to 550°@hich wasformerly filled with the slurry of molten aluminium.
The samples were made for testing using wirdegerttrical Discharge Machining (EDM)
as petthe American Society for Testghand Materials (ASTM3tandard dimensionsor
microstructural examinatiothe samples were prepared by polishing the nanocomposites
specimens with emery paper from 200 grit size to 1200 grit size an@/Q/3/0, and/0
grit size, subsequently folled by polishing with alumina suspension on the grinding
machine using velvet cloth. The polished nanocomposites surface was etched with
Kel |l er 6s r elaegr@rphology af theinarnoamposites was investigated using
SEM.

The wear experiment&ere conducted at dry conditions as per G 99 ASTM
standards (pin diameter 8 mm, length 25 mm) on AA6061/SiCp nanocomposites using
the pinon-disc setup of Magnum makmodelTE-165 (Figure4). The material of the
disc used in the testsvas EN31 steel. Before gforming the experimentsthe
nanocomposite pingnd steel disc EN31 surfaceere cleaned with acetone. The
experiment vasconducted on the nanocomposites with applied normal loale, 15,
and 20 Non the pin at sliding velocitiesf 1, 1.5, and 2 m/andat sliding distance in
steps of 250 m up to 3000 m. After performing the wear experiments, the specimen
surface and counter steel disc surfaeeecleaned with organic solvents to remove traces
of composite. Theveight of the samples waseasured befe and after the experiments
to an accuracy of 0.1 mg to get the amount of wear lbggerimens wereconducted in
triplicate and the average valugeretaken for analysis.
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()

Track Radius<—_

Pin:o8
25

Iﬁw Disc: ¢ 165

Axis of Disc
Rotation

< All dimensions in mm

Figure4. (a) Pinon-disc apparatygb) pin holder setugc) dimension®f Pin-on-disc
machine

Microstructure and X -ray Diffraction analysis
The SEM micrographs of nanocomposites were verified for dispersion of SiCp
reinforcement nanoparticles in the AA6061 alloy matrix. The SEM micrographs of
AA6061/ (1, 1.5 and 2) wt. %f SiCp nanocomposites are shown inufap. In the SEM

Si Cp nanoparticles
nanoparticles. Itwas observed that the SiCp nanginforcements were dispersed

uniformly in AA6061 alloy matrixnaterial. However, small scale clustefsrxano SiCp
wereobservedn the microstructure on the grain boundaries and in the matrix. The peaks

of AI(111),Al(020),Al(022),Al(131),Al(222)and SiCp (1 &e recogréed
throughJCPDSsoftwarein XRD analysisof the AA6061/SiCp nanocompositéEgure

6). From XRD patternshigh-intensity peaks of aluminium and small intensity peaks of

SiCp reinforcement nanoparticlegre observedh the AA6061matrix.

micrographs6 P6 r epr esent s

t he

"

SEM HV: 200KV WX 9.36 men gl

SEM MAG: 45.0 kx Dot SE 500 nen
AAG061.0.55ic4 | Date{midly): 1104116

Figure5. SEM micrographs of AA6QBSICp reinforced nanocomposites (a) 1 wt. %;

(b) 1.5 wt. %; (c) 2 wt. %.
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AA 6061+2wt. % SiCp

AL(111)
L SiC (11 0) Ald31)
A ‘\ A

AA 6061+1.5wt. % SiCp

J L A N

| AA 6061+1wt. % SiCp
] L L A .
30 35 40 45 50 55 60 65 70 75 80 85
20 (Degrees)

Intensity (a.u)

Figure6. XRD pattern of AA6061/SiCp nanocomposites.
RESULTS AND DISCUSSION

The effecs of various process parameters on wear loss anflicest of friction of

AA6061/SiCp namocompositesvere studied. Theesults obtained from theear tests
performed on nanocomposites witififerentapplied normal loads, sliding velocitiead

sliding distanceare discussed in the following sections

Effect of SiCp weight percentage on wedoss

The wear loss of the nanocomposites with respect to the weight percentage of
reinforcements is represented in Figure 7. The wear loss of the AA6061/SiCp
nanocomposites decredsénearly with increasing the weight percentage of SiCp
reinforcementsn the matrix.

V= Sliding Velocity (m/s) |—s—1V(10 N)
Sliding distance =3000 m |—*—1V(15N)
——1V(20N)
—v—1.5V(10 N)
——1.5V(15N)
——1.5V(20N)
——2V(10N)
—e—2V(15N)
—e—2V(20 N)

Wear loss (grams)

0.008 -— T T T T T T T T T T T T T T T
1.0 1.2 1.4 1.6 1.8 20 22 24

Wt. % of SiCp

Figure 7. AA6061/SiCp nanocomposites with varying weight percentdgaiCp
reinforcements.
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The lower wear loswasexhibited at 2 wt. % of SiCp reinforced nanocomposites
at 10 N normal loads and at a 1.5 m/s sliding velocity. The highar loss resulteith 1
wt. % of SiCp reinforced nanocomposites at 10 N normal loads and at a 2 m/s sliding
velocity. The wear loswaslow with theincreasing wt. % of SiCp reinforcements in the
matrix and osewith theincreasing normal loads and dexsal at higher sliding velocity.
At higher sliding velocity, the frictional heat incredsad softeedthe pin surface, which
led to the formation of oxide thin film on the surfa¢81]. Then it tends to disengage
from thepin material on steel disc at higher sliding velocity.

Effect of Normal L oad on Wear Loss

The wear loss of the nanocomposites with respect to normal loads at 3000 m sliding
distance and at various sliding velocitispresented in Figurg The wear loss of the
nanocompositesncreasedlinearly with increasing normal loads and decreaas a
function of increasingheweight percentage eéinforcementsThe major portion of the
applied loadwas carried by SiCp reinforcement particleshe role of the SiCp
reinforcement particlewasto support the contact stressgeventing high plastic flows
ard abrasion between contact surfaces and henceimgdbe amount of worn material.
The SiCp reinforcements in the matrix facilidhtte compaction of the oxide thin film

in between the particleBlowever, if the load exceeda critical value, the parties will

be fractured and comminuted, losing their role as load suppf2®132]. Fragments of
fractured SiCp reinforcement particlesight also be mixed within the oxide layer,
enhancing théardnessnd wear resistance of the oxitien film. These oxide thin films
weremore inthe case ofSiCp reinforceccomposites than thease alloyThe benefits of
SiCp reinforcementvere evident in lower wear loss of the nanocomposites when
oxidationwaspresen{33, 34]. The change in wear losgslow, upto 15 N loads and
washighabove20 N normal loads on pin material.

—a—1S(1m/s)
—o— 1.5S(1m/s)
—4—25(1m/s)
—v— 1S(1.5m/s)
—<¢— 1.55(1.5m/s)
——25(1.5m/s)
—o— 1S(2m/s)
—e— 1.5S(2m/s)
—o— 25(2m/s)

0.032 -

Wear loss (grams)
(=]
=
[\®]
(=]
1

S = Wt. % of SiCp

Sliding distance = 3000m
0.008 T T T T T T T T T T T T T T T T
10 12 14 16 18 20 22 24 26

Load (N)

Figure8. AA6061/SiCp nanocomposites wear loss at different conditions as a function
of normal loads.
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Effect of Siding Distance on Wear Loss

The AA6061/SiCp nanocomposites wéass with varying sliding distansés shown in

Figure 9. The results revealed that for all the given specimens, the wear loss linearly
increaseavith theincreasing sliding distanag to 3000 mn steps of 250 m. The rate of
wear losswvashigh for 1 wt. % of SiCp at 20 N normal loads anarétslow for 2 wt. %

of SiCp at 10 N normal loads up to 3000 m sliding distance in steps of 250 m. The wear
losswasnonlinear andheminimumwasat 1 m/s slidig velocity, in between 500 m and
1500 m sliding distance as shown in Figuf&) 9Thiswasdue to formation of oxide layer

on the nanocomposite surface during sliding action against the steel disc surface at a 1
m/s sliding velocity, from 500 m to 1500stding distance. The wear loss increased from
2000 m to 3000 m sliding distance at different normal loads at 1 m/s sliding velocity. The
wear loss at 1.5 m/s sliding velocity in steps of 250 m at various normal loads is
represented in Figur€l9).

(@) —=—IS(I10N) 0.030{® —=— 15 (10 N)

0.030

——1.5§ (10N)

—— L.5S (10 N)

. ——25 (10 N) 0.025 ——2S(10N)

0.0254 ——1S(5N) | _ —— 1S (15 N)
g ——1.58 (15 N) £ —+— L5S (15N)
£ 0.020 255Ny | = 020 —— 25 (15N)
A ——1S (20 N) - —+—1S(20N)
g 0.015 ——155(20N) | 20015 —— 155 (20 N)
= —+—28 (20 N) = —+—25(20N)
g 0.010 £ 0.010
= =

.005 -

L S = Wt. % of SiCp 0.005 S = Wt. % of SiCp

0.000 Sliding Velocity =1 m/s Sliding Velocity = 1.5 m/s

- —_—rr 0.000 F—— T T T r T T T

0 500 1000 1500 2000 2500 3000 3500 4000 4500 0 500 1000 1500 2000 2500 3000 3500 4000 4500

Sliding distance (m) Sliding distance (m)

(c)

0.0354 —=—15(20N)

—e—1.58 (20 N)

0.030 4 —4—128 (15 N)
- —— 1S5 (15N)
Z 0.025 ——1.58 (15N)
= ——1.58 (10 N)
200.020 —— 1S (10N)
g —=—25 (20N)
< 0.015 —+—25 (10 N)
b
= 0.010+

S =Wt % of SiCp
Sliding Velocity =2 m/s

0.005

0.000 T T T T T T T T T
0 500 1000 1500 2000 2500 3000 3500 4000 4500

Sliding distance (m)

Figure9. AA6061/SiCp nanocomposites with respect to sliding distance at different
conditions.

The wear lossvasalmostlinear up to 1750 m and nonlinear in between 1750 m
to 2500 m sliding distances. The oxidation rate inciéagéh increasing the sling
velocity as a function of sliding distance. Thmay be because dfie risein interface
temperature which softedthe nanocomposit¢85, 36]. The wear loss at sliding velocity
of 2 m/s in steps of 250 m at various normal load#he pin is plotted in Figurg®. The
nanocomposites wear loggsalmostlinear up to 500 m and nonkar in between 500
m to 1000 m and 2000 m to 2500 m sliding distances. The formation of oxides with
respect to sliding distance at higher sliding velocities inctedses led to nonlinear wear
loss due to the hard asperities in between the pin sunfacsteel disc.
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Effect of Sliding Velocity on Wear Loss

Wear lossn the nanocompositegith respect to sliding velocitig represented in Figure

10. The wear lossvas increasedwith increasing sliding velocity as a function of
reinforcements in the mat. The wear lossvashigh at 2 m/s sliding velocity for 1wt. %

of SiCp reinforced nanocomposites at 10 N normal loads. The wear loss of the
nanocompositeswas theminimum at 1 m/s sliding velocity for 2 wt. % of SiCp reinforced
nanocomposites at 10 N moal loads. The change in wear loss linearly \chinebetween

1 and 1.5 m/s sliding velocities for all three normal load conditions. The change in wear
losswashigh for 1 and 1.5 wt. % of SiCp reinforced nanocomposites in between 1.5 to 2
m/s sliding velaities and low fotheremaining conditionsThe increase in wear loss can

be mainly attributed to the destruction of the mechanically mixed layer (MML) formed
and material softening due to the increased temperature with increased sliding velocity.
Furthemore increase in wear loss at higher sliding veloersdue to increased strain
ratein deformedsubsurfacg37].

] —=— 1S(10N)
0.036 - ISyl
] ) —a— 1S(20N)
0032 —v— 1.5S(10N)
2 ] ——1.55(15N)
g 0.0281 —— 1.55(20N)
= ]
2 0.024 - ——25(10N)
2 1 —e—25(15N)
[=}
= 0.020 —*—2S(20N) |
g ]
2 0.016
0.012 1 ) S = Wt. % of SiCp
- Sliding distance = 3000m
T T T T T T T T

1 1 1 M 1 M
1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4
Sliding velocity(m/s)

Figure10. AA6061/SiCp nanocomposites wear loss with varying sliding velocities.

0.48 S = sliding velocity (m/s) 1S(10N)

—eo— 1S(15N)
—a— 1S(20N)
—v— 1.5S(10N)
—<— 1.55(15N)
—— 1.5S(20N)
—o—2S(10N)
—e—2S(15N)
—e— 2S5(20N)

0.44 -

0.40 1

Coefficient of friction ()
s o o o
[} (54 w w
N (=] N =)

%X

0.20 T T T
1.0 1.5 2.0 2.5

SiCp (Wt. %)

Figure 11. Variation in the friction coefficient of AA6061/SiCp nanocomposites with
varying weight percentage of SiCp.
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Effect of SiCp Weight Percentage on @efficient of Fiction

The variation of the friction coefficient of the nanocomposites as a function of wt. % of
SiCp at sliding distace of 3000 m with different slidingelocitiesand normal loads is
shown in Figure 11. The friction coefficient changed linearly for all conditions as a
function of normal loads on pin material. The friction coefficient increased with
increasing the addan of the SiCp reinforcements in the matrix material. The cubic
structuredbeta silicon carbide particles nanocompositevere attributed torise inthe
friction coefficient and whichwas more with increasing the reinforcement weight
percentage in the rtréx [33].

Effect of normal load on coefficient of friction

The friction coefficient of the nanocomposit@gh varying rormal loads on the pirs
plotted in Figure 2. The coefficient of frictionncreasedavith increasinghenormal loads

on the pin and decreakat higher sliding velocities. The friction coefficient varie
largely in between 10 and 15with small incremets in between 15 and 28 normal

loads on pin material. The coefficient of friction decreased from 10 to 15 N normal loads
and increased from 15 to 20 N normal loads on pin material for 2 wt. % of SiCp at sliding
velocity of 1.5 m/s. The obtained experirtaresultswereattributed to the rise of the
coefficient of friction of the nanocomposites due to the increases in the depth of
indentation of the asperities into the nanocomposite surfabieh cause increase in
tangential normal loads on the nanocasipe material [23].

0.48 1 Sliding distance = 3000 m —a— 1S(1m/s)
1 —e— 1.55(1m/s)

0.44 4 —a—2S(1m/s)

= 1 —v— 18(1.5m/s)
£ 0.40+ —— 1.58(1.5m/s)
S 1 —— 25(1.5m/s)
E 036 —e— 15(2m/s)
s —a— 1.55(2m/s)
z 0.32 —e— 28(2m/s)
5

&: 0.28 - /

W 4

2

C 0.24-

&
o
[—]

—_— -
10 12 14 16 18 20 22 24 26
Load (N)

Figure 12. Variation of friction coefficient of the AA6061/SiCp nanocomposites with
varying normal loads.

Effect of sliding distance on coefficient of friction

The friction coefficient of the AA6061/SiCp nanocomposites w#rying sliding
distancs at various sliding velocities and at different normal loads on pin matsrial
shown in Figure 13The results revealed that the friction coefficient continuously reduce
with increasinghesliding distance isteps of 250 m. Bure 13a) shows théighfriction
coefficient at sliding velocitpf 1m/s for 2 wt. % of SiCp at 20 N normal loads and the
low coefficient of friction was observed at 1wt. % of SiCp at 10 N normal loads at a
sliding distance in steps of 250 m. The caeédint of friction is nonlinear at sliding
velocity of 1 m/s, and sliding distance in between 500 m and 1500he variation in
coefficient of frictionwasminimum at theseconditions Thiswasdue to the formation of
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Dry sliding wear behaviour of ultrasonicallyrocessedA6061/SiGnanocomposites

the oxide layer on the pin surface gy sliding action of the nanocomposites against the
steel disc surface at 1 m/s sliding velocity, from 500 to 1500 m sliding dist@hee.
coefficient of friction decreased linearly from 2000 to 3000 m sliding distance for all the
normal loads at a slidgnvelocityof 1 m/s.

S =Wt % of SiCp —a— 1S(10N)
—e— 15(15N)

Sliding Velocity = 1 m/s

—a— 1§(20N)
0.50 - —v— 1.55(10N)
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Figure 13. Friction coefficient of AA6061/SiCp nanocomposites with varying sliding
distances.

The coefficient of friction decreased nonlinearly from sliding distance 2000 to
3000 m for 1.5 wt. % of SiCp at 10, 15 N notrimads, and 2 wt. % of SiCp at 10, 15,
and 20 N normal loads. The coefficient of friction at 1.5 m/s sliding velocity with varying
sliding distance in steps of 250 m at differentmakloads is shown in Figure 8. The
coefficient of frictionwaslinear up to 1500 m and nonlinear in between 1500 m to 2500
m sliding distance. This may be attributed to thigher oxidation rate of softened
nanocomposites pin surface at high interface temperature with the sliding velocity and
the sliding distancg32]. The friction coefficient at 2 m/s sliding velocity in steps of 250
m sliding distances at various normal loads angh is presented in Figure (&3 The
friction coefficientwaslinear up to 500 m and nonlinear in between 500 m to 1500 m
sliding distances. The formation of oxides with respect to the sliding distance at higher
sliding velocities increaske This led to a nonlinear friction coefficient due to the hard
asperities in between the composite pin surface and steel disc.
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