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ABSTRACT

The aim of the research was to investigate thecetie speed, load and reinforcement on abrasiomweh of
Al/TIC composites by ball-cratering abrasion testdfTiC composites were prepared by a stir castimgthod, with Al
6061 alloy matrix and TiC reinforcement varies frérto 20 wt.% with steps of 5 wt.%. A ball-crateyitester was used to
determine the 3-body abrasive wear behavior undéiffarent normal load and abrasive particle logdand wear
duration. Al/10% TiC composites, Al/15% TiC and 20f6 TiC composites showed excellent abrasive ergsist The
higher percentage TiC content avoids plasticityavédr in the composites, which is mainly resporesitol severe wear at
higher load due to near brittle cracking processai\imechanisms were investigated by scanning efecticroscopy
(SEM).
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INTRODUCTION

Presently, high specific strength alloys and tleeimposites used in marine, automotive, and eveaeio based
industries. Due to high specific strength mostlycAmposites are slowly replacing many other highsig materials. The
ceramic particulate in the composites improve tleamproperties hence they encourage the tribolbgigglications.
Many researchers have carried out work on the wesdraviors of aluminum MMCs [1-3]. Generally theyvba
investigated on structural and tribological perfarme for finding potentiality in tribological apgéitions. They focused on
wear causes parameters such adhesion [4], abrigi@nd surface fatigue [6]. Further researchengehgone into the
invent of novel reinforcement novel composites, ahhlieads further improvement of Al composites pen@nce in wear
resistance. [6-7]. But, only few researchers ingastd reinforced composites for on three bodysibrawear behavior. In
addition the abrasive role has not been clarifoedbably also due to the strong dependence ofaiament effects on the
tribolgocial tests condition. The erosive type waad abrasive type wear for different materialsehbeen investigated
with various process parameters [8] using differersting equipment. They are Coriolis method [8]l-bratering

tribometer [12], the gas jet erosion [10], the Whig arm apparatus [9], the ball mill [11]etc.

In this paper Al/TIC composites were fabricatedngsktir casting method with various percentagedicf
particles leading to different wear behavior untleli-cratering abrasive wear conditions. Furtherestigation was to
study the developed Al/TIC composites performanta ball cratering when presence of alumina abeagiarticle and

also study the influence of the ball speed and wadear behavior.
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EXPERIMENTAL STUDIES

For present investigation Al 6061 alloy was sekesta matrix material due to its excellent castimgpprty and
moderate mechanical strength. The composition d¢fixnaloy is given in Table 1.

Table 1: Chemical Composition of Al 6061 Alloy
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Figure 1: Al,O3 Abrasive Particles of 90-15@m size

The ceramic Titanium carbide (TiC) is used as afoecement due to its excellent abrasion resistamite
excellent hardness. All composition of Al/TIC comsfte specimens for ball-cratering abrasive wereidated using stir
casting technique, with composition of TiC particie step of 5, 10, 15 and 20 % by weight. The vszanples were
square plates with a dimension of 20 x 20 x 6°mifihe specimersurfaces polished with series of sand papers then
diamond paste to obtain roughness of 0.01-Que2 polished specimens cleaned with acetone to rendost and dirt
ultrasonically. Tungsten balls for using ball-cratg abrasion of hardness 860 Hv.
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Figure 2: Ball-Cratering Tribometer Schematic Diagram
1. Tungsten Ball 2. Specimen 3. Shaft 4. Slurry
In this abrasive wear tester (ball-cratering alwegsia tungsten balls were rotated against a coitepsgecimen
with a velocity of 0.25 m&on the driving shaft. 10 N of normal load exertedthe ball against to composite specimen.
Alumina particle (as shown in Figure. 1) slurry vilasoduced at the rate of 2+0.05 ml/min betweenlihll and specimen
for 60 min as shown in Figure 2. The composite spews were weighed at the end of the test usinghirg ball of
accuracy of £0.01mg. the worn-out specimens weagnixed bySEM.
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RESULTS AND DISCUSSIONS

Figure 3 shows typical micrographs of Al6061 alknyd Al/TIC composites presenting fairly homogenedis
distributions. The TiC particulate uniformly difttted in the Al matrix alloy. Figure 4-6 show thi#ie wear loss

(weight loss) against alumina abrasive generaltyafse with increase in the wt% of TiC

Figure 3: Microstructure of a) Etched Al and b) Undched Al / 20% TiC Composites

Effect of Sliding Duration on Material Loss

The relationship between wt. loss and sliding darafor various normal loads and reinforcement giken in
Figure 4. Abrasive wear results obtained at loal$N, 10N, 15N and 20N showed that the weight lo§sboth
unreinforcedand reinforced composites increase with increasiidgng duration but the curve at higher durationtiigher
% of composites showed almost flat due to stramddwing of mating surface and the specimen.
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Figure 4: Average Wear Rate as a Function Wear Durgon for Al/TiC Composites Abraded by
Alumina Slurry for Different Size of Particles
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When the sliding distance was increased, the wdigs in the specimen gradually increased. Thefarge
difference in mass loss between the unreinforcedraimforced composites. Since, frequent fractdrdh® secondary TiC
in the composites was found it appears that therggwof the testing condition might be the maiasen for reducing
wear. Generally the Al alloy is in ductile in nagunence there is retardation of crack could be.sSHes addition of TiC
makes matrix brittle in nature which leads morengréo stress concentration around the particlesitammotes crack
propagation. But due to higher hardness of thepEiicle it acts as a barrier to crack propagalience it also reduces the

wear rate [13].
Effect of Normal Load on Material Loss

The Figure 5 shows the abrasive wear rate of tti€i@lwhen tested against alumina abrasive partitdedrawn
as a function of wear load. The material loss iases linearly with increasing wear load. The sawedtwas seen for all
composition of Al/TiC composites. The graphs showexd the slope of the lines depend on the TiCamntAt higher load
interface between matrix and reinforcement produténding effect, the plastic deformation in théde of matrix alloy
give the protection to the reinforcement particld][ During abrasion the metal exposes to activggerand formed

aluminum oxide and it also protect the matrix alldye higher percentage of TiC provide good resgstato matrix

materials.
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Figure 5: Variation of Mass Loss with Normal Load br Al/TiC Composites Abraded by Alumina
Slurry for Different Sliding Time Min

Effect of Reinforcement on Wear Loss
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Figure 6: Variation of Mass Loss with % of Reinforement for Al/TiB, Composites Abraded by Alumina
Slurry for Different Sliding Duration
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The average wear rate of the Al/TiC composite spens plot against the percentage of reinforcemeshawn
in Figure. 6 and under different loads. The abeasiear loss of the Al/TIiC composite specimens nmasponsible for
reduction of wear rate. These graphs show that aathincrease TiC weight fraction the wear rate lef specimen
drastically reduced compared with base alloy wishious loading conditions. The unreinforced masiboy worn-out
much more rapidly than the reinforced compositeenias. The hard reinforcing TiC particles resis¢ tmicro cutting
action of abrasives effectively [15].

Figure 7: Worn-Out Surface Ball-Crater Morphology of (a) Al 6061 Alloy, (b) Al/5 % Tic and (c) 20% Tic
Samples Abraded by the Aluminum Slurry

WORN-OUT SURFACE STUDIES

Worn-out surface of Al 6061 alloy (Figure 7a), A5TIC composites (Figure 7b) and Al/20% TiC compessi
(Figure 7c) were examined by SEM. The two typesvofn-out surface morphology generated are showhigare 7.
Three body roller wear are seen on the tungsteinsbalace. A typical three-body rolling wear is ibie on the steel
surface when a ball was used. In matrix alloy aowler percentage composites showed the grooves,attgeghort and
random. The higher reinforcement i.e. 20% showedasher surface than unre in for cement and 5% oetefnent.
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CONCLUSIONS

The ball-cratering test can discriminate betweenvikar resistance of materials with similar prapert
Addition of TiC reinforcement improves the wearistence of the composites.

The wear loss increases linearly with applied loeabpective of the reinforcement.

The wear resistance increases linearly with iner@adiC content

The wear loss increase with increasing slidingagisés

Worn-out surface of matrix and composites produdsd abrasive alumina particulate indents and the

microstructure phases were not distinguishable.
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