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Abstract

The LM6/AI203 nano composites were fabricated usingie casting method .The LM6 Aluminum alloy !
reinforced with AI203 nan particles O wt.%i.%, 1.5 wt% and 2.5 wt% .The composites wergadtarized b
Wear, Tensile, Hardness and Impact tests wereedaaiit in order to identify mechanical propertie¥he result
reveal that die casting could be an economicakréaut the production aiano composites. Increasing the volum
fraction and/or reducing the size of Al2Q%no particulates increase both the tensile arld gteength of the nau
composites and reducing the wear
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1. Introduction

Metal-matrix Nano composite materials have emem@gea viable alternative to overcome the limitationr
metal matrix composites; however nano compositehallenging to produce as structural componemstal
difficulties in attaining a homogeneous distributiof the nano phased particles.

A nano composite is a multiphase solid material where one of thasgls has one, two or three dimensions of
less than 10@anometergnm), or structures having nano-scale repeatmistabetween the different phases
that make up the material. In the broadest sensed#finition can include porous media, colloids/sgand
copolymers, but is more usually taken to mean thiel gombination of a bulk matrix and nano-dimemsib
phase(s) differing in properties due to dissimilas in structure and chemistry. The mechanica&ctetal,
thermal, optical, electrochemical, catalytic prdjgar of the nano composite will differ markedly frc¢hat of
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the component materials. Particulate reinforcerbgrémploying double layer feeding — die castinditégue

proves to be a promising technique in developing N/

2.EXPERIMENTAL PROCEDURE

2.1 Materials

Aluminium Alloy LM6 and nano — AIO; were chosen as Matrix alloy and reinforcementeetpely. LM6 is
selected as the matrix alloy which has fewer teosnto drag than with high silicon alloys contamino
other alloying elements. LM6 Alloy has high Res@ to corrosion attack under normal atmospheric
condition. Nano alumina particulates were reinfdregth matrix alloy in different weight percentaget0
%,1%, 1.5% and 2.5% respectively. The matrix prEheated at 200 °C and the reinforcements weredadd
to the matrix material using double layer feedingchanism®. The mix was then melted to liquidus
temperature of 600°C — 700°C and motor stirret0&®PM. The spectro- analysis test report of the imatfoy

is given in Table 1

2.2 Processing

Constituents Composition %
Iron 0.6
Silicon 10.0-13.0
Copper 0.1
Manganese 0.5
Magnesium 0.1
Titanium 0.2
Nickel 0.11
Zinc 0.14
Aluminium 84.0-86.0

The Aluminum alloy (LM6) was heated in a graphitaaible under controlled argon environment.

The furnace heating temperature was increased @6C75%old for 30 minutes until Aluminum alloy melte
completely

runner locating pin
‘\

metal mould

Fig 1
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Aluminum dross then removed from the surface of mmdten metal. Weighted amounts particulate of
zirconium oxide preheated to 750° were added cootigsly to the molten metal through the side of exort
created by mechanical stirring by the stir impellgre optimum stirring speed of 450 rpm was deteeahiand
selected prior to this experiment. This is to aveigtessive gas content that resulted from overntyi of
melts, which led to unacceptable porosity contarnthe casting product (Hashim et al., 2002). Thpeier
and stirring rod was coated with liquid aluminaasoto avoid any metals contamination to the matetal.
Stirring was carried out to facilitate both incoration and uniform distribution of particulate Alimum
Oxide in the molten metal. The composite melt waisesl for 5 minutes then immediately cast into a
permanent mould in gravity die. The solidified I/ Al ,O; metal matrix composites (MMC), which were taken
out from the mould. Separate samples for tensilength, hardness, wear resistance, impact and steero
resistance at 0 wt.%, 1wt. %, 1.5wt. % andvw.3% were produced

2.3 Wear Testing

Wear tests were performed using a DUCOM pin on tlikometer. The pin was an 8mm diameter single
crystal ALO; LM6 MMNC ball which was held down stationary oretfiat face of the test piece disc under a
10 N load initially. The disc velocity is maintathet 0.1 m/s in unlubricated, open air environm&atfore
and after each test, the specimen and the disas elesined using the acetone and dried up in the apdo
avoid any contaminations. Experimental parametenewabulated in Table 2. Also the temperature gham
the specimens at the ends of the wear test wasuneehasing the digital temperature indicator with°0C
accuracy.

TABLE Il
EXPERIMENTAL PARAMETERS OFWEAR TEST

Pin Length 30 mm
Pin Diameter 8 mm
Load 10-20N
Track Diameter 60 — 90 mm
Sliding speed 3.665 s (1000 RPM)

2.4 Mechanical Testing

The mechanical behaviour of the materials, specimeere prepared for tensile tests. A cylindricad ro
specimen of @15 is subjected to a tensile loadguie Universal Testing Machine (UTM). Test dataave
used to find the breaking and the ultimate loadesponding to the MMNC samples.

The specimens were prepared for measuring hardestssby polishing them with suitable grades of gme
and etching them finally. Rockwell hardness tess warried out with 1/16” steel ball indenter witinor load
of 10kgF and major load of 90 kgF. The specimensevpeepared for measuring the impact strength o6LM
and reinforcement of Aluminium Oxide

3.RESULTSAND DISCUSSIONS

3.IMMNC Samples

The MMNC samples prepared shows presence of pgrosituces with increase in the percentage of
reinforcement. The presence of porosity reduceth@seinforcement increases since the interfacalding
between the aluminium matrix and the@{ particulates is high for higher percentage offrgrements.
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3.1.1Hardness samples

Fig. 2 Hardness samples (a) MMNC with 1%@| (b) MMNC with 1.5% A}Os, (c) MMNC with 2.5% AO;

3.1.2 Tensletest samples

Fig 3

3.1.3 Impact samples

Fig 4
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3.1.3 Wear samples

Fig 5

3.2 Wear Characteristics

Pin-on-disc dry sliding wear test results with pafgoure Aluminium reinforced with up to 1%, 1.5%da
2.5% weight of (40nm) nano-sized alumina showed thear rate decreases with increasing percenthge o
reinforcement. The volumetric wear rates of Alumimiand its composites are plotted against the torthe
wear in micrometer. It is immediately apparent ttiere is consistent improvement in wear resistamitie
increasing amounts of reinforcement. This corredpodirectly to the rise in hardness and strengtlihef
composites with reinforcement level, and agrees witchard’'s equation that the wear of a material is
inversely proportional to its hardness. The 2.5 3%Alreinforced MMNC, being the best performer shows an
improvement in the wear resistance of 1.2 timeh@iowest speed of 1 m/s, and more importantlytoup.9
times under the higher-speed, and thus, more ssiidieg conditions.

There is a gradual reduction in the wear ratesllotha specimens over a fairly wide range of sligin
velocities, from 1 to 7 m/s. In this series of $eghder a 20 N load, the optimum speed for theseriaks
appears to be around 7 m/s, beyond which, the maées begin to rise.

The results of this study have shown that nancdsétemina particulates 1%, 1.5% and 2.5% volunee ar
able to bring appreciable improvement to the weaistance of pure aluminium matrix alloy, espegiatider
higher sliding speeds.

3.3 Mechanical test results

It was observed that the MMNC samples with highercpntage of reinforcement shows higher hardness,
higher tensile strength and lower wear strengtle fEimsile test, Hardness test and wear test sgslols were
shown in Fig. 6.Fig 7.Fig 8
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Fig. 6 Tensile test platsults of LM6 and MMNC
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Fig. 7 Hardness survey results of LM6 and MMNC
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Fig. 8 Volumetric Wear rates of matrix alloy aM#NC

4. CONCULSION

0%, 1%, 1.5% and 2.5 Nano Alumina reinforcementfabeicated and the MMNC are prepared in the fofm o
Blanks, Rods and Billets from these the test spegimmas been produced and examined for Hardness test
Impact test, Tensile test and wear test

From these results The MMNC thus prepared exhipitsd mechanical properties like hardness; Tensile
strength and impact resistance and tribologicaberides like wear resistance compared to the etnaterials.

The LM6 Al. Alloy reinforced with 2.5 % of AD; MMNC gives the better results when compared to the all
other types of metal matrix composites thus prodwuarad tested. And the Combined results were tedmliliat
the below table

Table -3 Mechanical properties of LM6 Al. Alloy ndorced with 2.5% Alumina

LM6 Al. Alloy Reinfor ced

M echanical properties | LM6 Al. Alloy with 2.5% of AlLO
. 23

Hardness 55 BHN 68.2 BHN

Ultimate Tensile

Strength 192 N/mm2 234 N/mm2
Impact strength 9 Nmm 34.62 Nmm
Wear rate

120 um 80 um
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