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ARTICLE INFO ABSTRACT
Article history: One of the most widely used composites is the imiwm based composites.
Received 10 December 2015 Aluminium matrix composites refer to the class oivlweight high performance
Accepted 28 January 2016 aluminium is a main material. The reinforcemenAMCs may be in the structure of
Available online 10 February 2016 continuous and it also be in the form of discorima fibres, whiskers or particulates
with volume fractions ranging from a few percenf7. Reinforcements commonly
Keywords: used in aluminium matrix composites have been e@rto include organic wastes
Boron carbide; fly ash; stir casting; such as rice waste ash, coconut cover ash, palfuebibsh, and fly ash and sugar cane
wear rate; pin-on-disk machine bagasse. Ceramic materials being used as reinferteconsists of carbides, borides,

nitrides and alumina. These have been reportedrddupe expected physical and
mechanical properties in aluminium based compasiteshis experimental study the
composite obtained by stir casting method by ttgredients of aluminium, boron

carbide, fly ash in the different proportions. théine composite subjected to various
testing machine such as pin on disc, dilatometmasion testing machine to find out
co efficient of friction, wear loss, wear rate fiifferent combinations and results were
compared.

INTRODUCTION

Composite material is a element composed of nfe bne distinct phases (matrix phase and reimgrci
phase) and having huge characteristics signifigadifferent from those of any of the constituerdsmetal
matrix composite has been identified as attractnagerials for the wide range of applications in fiedd of
structural design, electronics system and eleatrgraickaging (Vengatesh, D., V. Chandramohan, 2014).
Aluminium alloys reinforced with various ceramiasch as silicon carbide and aluminium oxide are igue
class of advanced composite material developediderin aerospace and commercial applications. Cadpa
with unreinforced metals, MMC exhibits significaimhprovements in strength and elastic modulus, wear
resistance, fatigue resistance and damping capacigddition to high temperature mechanical proesrand
low thermal expansion. A low CTE and high thermahauctivity are expected for for applications swsh
electronic heat sinks and space structures (Fafdtdaighi, S., Mahdavi, 2011). Furthermore low dénss
desirable for aerospace applications; particulakietrical structural applications. One of the moitely used
composites is the aluminium based composites. Alium matrix composites refer to the class of lowghe
high performance aluminium centric materials. Rsioéments commonly used in aluminium matrix
composites have been extended to organic wastésasudce waste ash, coconut cover ash, palm elilafsh,
fly ash and sugar cane. Ceramic materials beind asereinforcement include carbides, borides,ddfiand
alumina. These have been reported to produce eeghptiysical and mechanical properties in aluminipased
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composites. Stir casting is a effective methodpimduction of aluminium metal matrix composites dugse of
their simplicity and ease of manufacture.

[1. Elements Of Composite Materials:
Aluminium:

Aluminium is a metal in the boron group with syrhdd and atomic number 13. It is a white, soft, tiec
metal. Aluminium is the third natural abundant edatnand the most popular metal in the Earth's chustakes
up about 8.0% by mass of the Earth's solid surfademinium metal is so chemically reactive thativat
specimens are rare and limited to extreme redwmivgonments. The aluminium is obtained from baigite.

Boron Carbide:

Boron carbide is an highly hard boron—carbon ceramaterial used in tank armor, bulletproof vests,
well as many industrial applications. It is onetloé tough materials known, behind cubic boron aétrand
diamond.

The capacity of boron carbide to absorb neutroitisoart forming long lived radoactivity nuclues makié
attractive as an absorbent for neutron radiati@ated in nuclear power plants. Nuclear applicatiminisoron
carbide include radiation shielding, control rodlashut down pellets. In control rods, boron carligeften
sintered and coated to increase its surface area.

Flyash:

Fly ash, is one of the byproducts generated inbemtion of solid fuel, and comprises the fine ées that
rise with the flue gases. Ash which is settledamd called bottom ash. In an industrial context,ash usually
refers to ash produced during combustion of solidl fsuch as coal. Fly ash is generally absorbed by
electrostatic precipitators or soot blower befdwe flue gases reach the chimneys of coal-fired pmlets.

[11. Description Of Equipments:
Stir Casting:

In a stir casting method, the reinforcing materiale distributed into molten matrix by mechangtating.
Stir casting of metal matrix composites was devetbim 1968, when S. Ray introduced alumina pasgicio
aluminium melt by stirring molten aluminium allogentains the ceramic powders. In the Mechanicafirsgj,
furnace is a main equipment of this process. Tlkalt@t composite materials, can be used for diingg
permanent mold casting, Stir casting is applicdble manufacturing composites with up to 30% volume
fractions of reinforcement.

In recent years stir casting with a two-step nixjgrocess is currently used. In this process, th&ixn
material is heated to above its saturation temperato that the metal is totally melted. Then tlwtem metal
is cooled down to a temperature between the ligtede and solid state and kept in a semi-solite sta
(Hamouda, A.M.S., 2007).

At this period, the preheated boron carbide apdsh are added and mixed. The slurry is agairestdg
to heating up to liquid state and mixed thorouglythis two-step mixing process mostly used fdiriation
of aluminium.

Pin On Disc:

In the pin-on-disk wear test, two specimens amdusOne is a pin with a radius tip, is posiidn
perpendicular to the other, which usually a flataiar disk. Second a ball, rigidly held, is oftesed as the pin
specimen. The test machine rotates either the sfiskimen or the pin specimen to revolve aboutdibk
center. The sliding path is a circle on the diskaste in two cases. The plane of the disk rbay positioned
either vertically or horizontally. Wear results méiffer for different orientations. The amount okar is
calculated by either measuring length of both speas before and after the test, or measuring weigtitese
two specimens before and after the test.

Dilatometer:
Dilatometer is a one which is used for measuring toefficient of thermal expansion or expansion
coefficient. It consists of quartz tube where & specimen is placed.

Micro Abrasion Testing Machine:

Micro Abrasion wear testing machine is the typebafl crater testing machine which uses hardened
stainless steel ball for wear testing.

It consists of motor which is coupled to the slaaftl the maximum rotation speed is of about 500 fpm
our project we selected the speed of 400 rpm astaohfor wear testing. The performance of the westr for
the test specimen is considerations of three pasmsuch as load, speed and time
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Characterization of wear produced by each kindarfposite specimen was done using a micro abrasion
wear tester. This test uses a SAE 52100 steelithl25mm diameter acting as a counter body dutfiregwear
test dragging over the sample surface of test sgmtiwhich is nothing that aluminium hybrid metaltrna

composites.

Fig. 1: Pin on Disc Machine.

Table 1: Specifications of pin on disc machine.
PARAMATER SIZE UNIT
Pin Size 3,5,10&12 diamett mm
Disc Siz¢ Diameter55 diameter Thic mm
Disc Rotation Spet 0-145( pm
Wear Track dia Mez 30 to 9( mm
Loac 1C Kg
Frictional Forc 0-10 Kg
Temperatur Ambient to 55 °Cc
Powe 415/50/¢ V/Hz/phasi
Fig. 2: Dilatometer.
Table 2: Specifications of Dilatometer.
PARAMETER DESCRIPTIOM
Sample Siz 46mm with cross section 10n
Temperatur 100C°C (max.
Heating elemen Silicon Carbid:
Programme NIPPON
Thermocoupl K-Type
Resolution of LVD1 1 micrometr.
Table 3: Specifications of Abrasion Testing Machine.
PARAMETER SIZE UNIT
Load Rang 210 2( mm
Diamond Bal 15,20,25,32,4 mm
Metal Whee 5C mm
Rubber Whet 5C mm
Abrasive Pasi Silicon Carbide , Diamor No unit
Motor 0.15/5(-50(C KW/rpm

The machine is capable of doing the wear testf®maximum load range of 20N and the testing apar
consists of rubber wheel and metal wheel of sizar0rests with three different durations were cadrioert
allowing understanding micro abrasion evolution &aitlire mechanisms before and after perforation

The above Fig.No 4 describes the testing arrangefoe micro abrasion wear testing the ball in tigeire

is nothing but stainless steel ball which usedch@ricro abrasion test.

Methodology:
The aluminium alloy LM6 is heated and melted ia thelting furnace for the temperature of about’@00

and aluminium alloy LM6 is cleaned with specialkiof powder which is used to remove the scrapseptes
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the aluminium alloy which is in the liquid statendn reinforcement called boron carbide and flyiagtdded to
the aluminium alloy LM6 under three different profions of 3%,6% and 9% which is nothing but 30 gsash
boron carbide and fly ash and 60 grams of borohidarand fly ash and 90 grams of boron carbidefignaksh

is get stirred for three different cycles by stisting at the speed of 300 rpm (Meena, K.L., 20B&fore
mixing the reinforcement with aluminium alloy LMBé reinforcements are preheated in the muffle tteriar
the temperature of about 5and then it is added to the aluminium alloy LM@er getting the hybrid metal
matrix composite made to pour inside the die ofutar section which has the diameter of 22 mm landth
106 mm followed by the another dye which has thpetadiameter of 33 mm and length 86 mm. Then it is
allowed to cool for some time and the compositecspen is taken out and it is allowed to machiniog the
required dimensions (Arun, L.R., 2013). After &&sting the hybrid composite in the form of thaiiitjstate is
taken by using the long handle shaped equipmentenihés used to taken the composite material élituid
state and it is made to poured inside the dye whids the diameter of 23 mm and length 108 mm rAfte
pouring into the die the composite material is gehfrom liquid state into solid state and the cosile
material is allowed to cool for some time and tlye & made to open and the composite materiakentaut
which is in the form of solid state.

Fig. 3: Raw material of aluminium alloy LM6.

Fig. 4: Aluminium alloy Cut into small pieces weighted fbb kg and dropped into melting furnace.

Fig. 5: Preheated boron carbide and fly ash.
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Fig. 7: Pouring the composite into the Dye.

A.Specimen Specifications for Pin on Disc:
Material Type:Aluminium Hybrid MMC Pin Diameterntim Pin Length: 50mm

Fig. 8: Specimen for Pin on Disc.

B.Specimen Specifications for Dilatometer:
Material Type: Aluminium Hybrid MMC
Diameter of Test Specimen: 10mm
Length of Test Specimen: 44mm
Material Type: Round

Fig. 9: Specimen for Dilatometer.
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Specimen Specifications for abrasion testing:
Material Type: Aluminium Hybrid MMC
Diameter of Test Specimen:; 23mm
Thicness of Test Specimen: 12mm

Fig. 10: Specimen for Micro Abrasion.
RESULTS AND DISCUSSION
A. Influence of Al Lm6, Boron Carbide and Fly A€lomposite on the Coefficient Of Friction

Table 4: Load Vs Coefficient of friction.

Weight percentage of boron

Applied load (N)

Coefficient of friction(u) for dérent weight percentages

carbide and fly ash 3% 6% 9%
3% 15 0.35 0.46 0.52
6% 30 0.5 0.49 0.61
9% 45 0.6 0.65 0.75

The Variation of coefficient of friction of the ngosite of three different percentages for the iaddbad
shown in figure 14. The coefficient of friction ie@ses for 3% with the increase for the applied loal5 N
and the coefficient of friction increases for 6%¢id@se for the applied load of 30 N and coeffic@rriction
increases for 9% increase for the applied load 4%hé¢ coefficient of friction is high for the comgite for 9%
when compared to 3% and 6% . The reduction of @oefit of friction is due to the major role playbg the
creation of boron oxide layer at the contact zdree boron carbide reacts readily with environmentt keads
to the formation of boron oxide layer. The creatidriboron oxide layer is influenced by the genembf heat.
It is observed that value of coefficient of frigtiseduces for the load 30 N for 3% and 6% andtidedky
increases.
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Fig. 14: Load (N) Vs Coefficient of friction.
B. Influence of Al Lm6, Boron Carbide and Fly A€lomposite on Applied Load and Wear Loss

Table 5: Wear loss comparisons.
Weight percentage of boron carbide and fl

Wear loss(mg)

ash 3% 6% 9%
3% 8 19 24
6% 10 24 26
9% 13 26 28

The Variation of Wear loss of composite reinforaeith boron carbide and fly ash with aluminium #llo
Im 6 with the normal load is mentioned in the abgvaph. The wear loss for the composite increasés w
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increase for the applied load (N).The aluminiumhwitoron carbide and fly ash pin of 3% showing the
continuous increase of weight loss and then itrastitally increase for the increase in percentafgboron
carbide and fly ash.

——3%

Wear Loss mg
=
(%]
1

——6%

9%

15 30 45

Load N

Fig. 15: Load (N) Vs Wear Loss (Mg).

C. Influence of Al Lm6, Boron Carbide And Fly Ash Composite On The Wear Rate:

The Variation of wear rate for the composite reinéd with the boron carbide and fly ash with akiom
alloy LM6 with the normal load is drawn in the aleograph. The wear rate for composite specimen dsese
with increasing the value of the load. Thereforahesload increases for the composite specimere thél be
the reduction in wear rate as well as the percentdgeinforcement increases there will be the ese in the
wear rate for the applied.

Table 6: load vs wear rate.

Weight % of boron carbide Load Wear Rate *E-05 mAfN
and fly ash N 3% 6% 9%
3% 2N 0.0628 0.0184 0.0419
6% 3N 0.0209 0.0123 0.0279
9% 5N 0.0125 0.0073 0.0167
7.00E-05
6.00E-05 -
2 5.00E-05
E
5 4.00E-05 -
E 300605 - 2N
g 2.00E-05 l\./. —&=3N
1.00E-05 - 5N
0.00E+00
3% 6% 9%

Wt % of B,C & Fly ash

Fig. 16: Wt % of B4AC And Fly Ash Vs Wear Rate M.

Conclusion:

Thus the composite specimen was fabricated byasiting technique with different weight percentagé
3%, 6% and 9% and the different test methods areedaout to study the coefficient of friction, tineal
expansion coefficient, weight loss, wear rate amdihess and the results are studied.

The coefficient of friction is increase with inase in the percentage of reinforcement such asnboro
carbide and fly ash. This hybrid composite shoasittcould not perform better at higher loads #ravalue of
coefficient of friction increases with increaselie value of load (Radhika, N., 2012).

The wear loss for the composite specimen is iseredth increase in the percentage of reinforcersech
as boron carbide and fly ash.

When compared to the aluminum alloy which hashheiness of about 55 BHN aluminium alloy LM6
reinforced with 3% of boron carbide and fly ashyides hardness value greater than that of alumiralioy
LM6 as when the percentage of reinforcement ine®asdter 3% such as 6% and 9% the hardness value
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decreases. As the percentage of reinforcementasen® the higher value by using boron carbideflgrash as
a reinforcement there will be the decrease in #igesof hardness.

The value of thermal expansion coefficient of ahiom alloy LM6 is 2*E-05/k where when it is
reinforced with boron carbide and fly ash it has tlalue of 2.13E-05 as there is a increase in #ieevof
thermal expansion coefficient for increase in teenperature value as it results in the positive niadr
expansion for the change in temperature. The p&agerof elongation of the composite specimen aliumin
alloy Im6 reinforced with silicon carbide has 5-1@¥elongation. But the composite specimen reirddraith
boron carbide and fly ash along with aluminium wlloM6 has percentage of elongation of about 0.25 -$0
the percentage of elongation is less for the coiteosinforced with boron carbide and fly ash.

As the boron carbide is used as a hardening rahterd to improve mechanical properties also deanga
the wear rate while fly ash is used as a reinfom@ralong with the boron carbide.
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