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Abstract—Particulate reinforced metal matrix composites
(MMCs) are potential materials for various applications due to their
advantageous of physical and mechanical properties. This paper
presents a study on the performance of stir cast Al,Oz SiC reinforced
metal matrix composite materials. The results indicate that the
composite materials exhibit improved physica and mechanica
properties, such as, low coefficient of therma expansion, high
ultimate tensile strength, high impact strength, and hardness. It has
been found that with the increase of weight percentage of
reinforcement particles in the aluminium metal matrix, the new
material exhibits lower wear rate against abrasive wearing. Being
extremely lighter than the conventional gray cast iron materia, the
Al-Al,O3 and Al-SiIC composites could be potential green materials
for applications in the automobile industry, for instance, in making
car disc brake rotors.

Keywords—Metal Matrix Composite, Strength to Weight Ratio,
Wear Rate

|. INTRODUCTION

F]ARTICULATE reinforced light metals have shown great
promise because of their outstanding mechanical and
physical properties. A major goal in manufacturing and
utilizing metal matrix composites (MMCs) is to achieve the
highest possible strength to weight and weight to stiffness
ratios in a low cost light material. Particulate reinforced
aluminium matrix composites are widely used in its application
in the automotive industries because of their low cost and
isotropy in property values [1, 2]. Automotive vehicle braking
system is subjected to high wearing. Therefore, brake failure
could be minimized by using materials with low wearing rate
and high hardness [1-3]. Car manufacturers focus their
attention on the design and manufacturing of fuel efficient
cars. By having low-density and light-weight brake rotors,
fuel consumption of vehicles would be reduced. It has been
found that the mechanical properties of aluminium matrix
composites are affected by the volume fraction of the
reinforcement particles [4].
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It is hypothesized that aluminium metal matrix composites
with Al,O; and SIC particle reinforcements could be reliable
materials to replace the conventional gray cast iron in the
automobile industry. Factors affecting the strengthening
properties of the composites would be the amount and
dispersion or distribution of the reinforcement particles in the
metal matrix.

In this paper, aluminium metal matrix composites with
silicon carbide (SIC) and Aluminium oxide (Al,Os) as
reinforcement particles are studied to evaluate their physical
and mechanical properties. The microstructure of composite
material are also discussed in this paper.

I1.EXPERIMENTAL PROCEDURE

The composites used in the experiments are produced by the
stir casting method [5]. For Al-Al,O3; composite material,
Al356 aloy powders are mixed with Aluminium oxide (Al,O3)
particles of uniform size (400 um) in the weight fraction of
5%, 10%, and 15%. For Al-SIC composite material, Al356
alloy powders are mixed with SiCin the weight fraction of 5%,
10%, and 15%. Moisture in the particles is evaporated by
adding the particle reinforcement into the matrix early in the
process, before it disperses into the molten metal matrix. As a
result, the wettability between the reinforcement particles and
the metal matrix improves [5]. All the samples are melted in
the furnace for 2 hours at 700°C. The molten metal is stirred
using a stirrer with a simple paddle [6] as an agitator. The
molten composite is then left to solidify on the ceramic plate
inside the furnace. The solidified cast material is shown in Fig.
1(a). The composite block is then machined and cut into
desired specimen test samples as seenin Fig. 1(b).

Fig. 1(a) Solidified cast Al-Al,0; composite material (b) Specimen of
Al-Al,O3 composite materials for testing

The mechanical properties of matrix and reinforcement
particlesare shownin Tablel.

TABLE |
MECHANICAL PROPERTIES OF Al;0O3, SIC, AND AI356 [7]
Properties Aluminium Silicon Aluminium
P Oxide Carbide  Alloy 356
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Density

(glcr®) 3.98 3.30 2.70
Tensﬂe Strength 416.0 588.0 298.0
(MPa]

Coefficient of Thermal

Expansion (1%°C%) 7.4 4.6 21.5
Modulus of Elasticity 380 345 94

(GPa)

Il ANALYTICAL RESULTS
The analytical properties for different aluminiumatmix

Al with 2.76 264.0 15.6 1.685
10% SiC
Al with 2.79 282.0 13.8 1.74
15% SiC

Table Il indicates that the density of the mategample
increases as the amount of particulate reinforcéinereases
[10]. This is expected as the density of the paldite is higher
compared to that of the matrix material. It is alied that the
tensile strength and strength-to-density ratio dmee
significantly with the increase of reinforcementtjdes.

composite with AIO; and SiC as reinforcement particles can It is also shown that the coefficient of thermapamsion

be estimated through equations (1) to (3) [8].

10(: :pmvm+10pvp (1)
Wherep, is the composite’s densitg,, is the matrix’s density,
& is the reinforcement particle’s density, is the volume

fraction of the matrix and/p is the volume fraction of the
particle.

O'C:Ume+0'pr )

Where ¢, is the composite’s tensile strengix, s is the
matrix's tensile strength, ang, is the reinforcement particle’s
tensile strength.

a.=(@.Ev,+a EV)I(Ev.+ EV) (3

Where a. is the composite’s coefficient of thermal
expansiongy, is the matrix’s coefficient of thermal expansion,
a, is the reinforcement particle’s coefficient of thermal

expansion, and the’s are the respective Moduli of Elasticity.

The material selection criterion (MSC) or also kmoas the
strength to density ratio is a vital indicator ofpaobable
candidate replacement material [9]. The strengttetosity is
given by,

1
3

Strength to density ratio = (4)
Yol

where E= Modulus of Elasticity (GPa) apdDensity ((g/crt)

The theoretical results obtained from the equat{@ré) are

(CTE) decreases with the increase of reinforcemarticles.
CTE measures the fractional change in volume pgrede
change in temperature. For automobile applicativhere
variation of temperatures is present, a smaller Gake of
the material is preferred [7].

It should be noted that the properties obtainedytically
areto be considered as ideal cases with the assunbioithe
distribution of the particles in the mixture is hogeneous and
perfect bonding exists between the matrix metal #mel
reinforcement particles during the stir castinggess. But in
reality, there may likely to be flaws in terms afrhogeneity of
the distributed particles. Due to poor stirring)stering and
segregation of the reinforcement particles may naasulting
in poor bonding between the particles and the niztrix
during the manufacturing process.

IV. EXPERIMENTAL RESULTS ANDDISCUSSION

A.Density

The results obtained are comparable to the thealeti
results. From Table Ill, it is observed that aloimm metal
matrix composites with aluminium oxide G&);) as particle
reinforcements have higher density values compat@d
Aluminium metal matrix composites with Silicon Catb
(SiC) as particle reinforcements, since the density vétwe
aluminium oxide (AJOs) is relatively higher than that of
silicon carbide (SiC). However, the proposed -contpos
materials are significantly lighter than gray dash of density
7.2g/cm.

TABLE Il
DENSITY OF DIFFERENT COMPOSITIONS

recorded in Table II.

Composition wittAl,03 wt%

Density,p (g/cr)

100% A 356 alloy 2.7C
TABLE I Al with 5%Al,0; 2.73
ESTIMATED PROPERTIES OF DIFFERENT COMPOSITIONS Al with 10%AI,05 2.8¢
Density Tensile Coefficient Strength Al with 15%Al,0 3.02
p (g/en)  strength  of Thermal to — - 2 .3 — =
o(MPa)  Expansion  density Composition with SiC wtt Density,p (g/cm?)
Sample W (10%°C) ratio 100% Al 356 alloy 2.70
100% Al 2.70 228.0 215 1.54 Al with 5%SiC 2.7E
B, e 184 1.615 Al with 10%SiC 2.7¢
Al with 2.83 246.8 16.3 1.663 Al with 15%SiC 2.81
10%
A|2S3 B.Hardness and Tensile Strength
{i\g‘;’ith 2.89 256.2 147 1.705 The Rockwell hardness test is conducted using al ste
Alzgg sphere of 1/16” diameter as an indentor. The caimerfrom
Al with 2.73 246.0 18.1 1.622 Rockwell hardness to Brinell hardness number isiabtl by
5% SiC using the standard conversion scale [7].
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Tensile strength obtained from Brinell hardnessi@alusing before and after the wear test to measure the loss¢M) to
find the wear rate using the equation below:

the equation 5 are shown in Table IV.

Tensile strengtho) =3.45xBrinell Hardness (HB) (5) W = M (6)
TABLE IV PD
HARDNESS ANDTENSILE STRENGTH OF METAL MATRIX COMPOSITES OF Where
DIFFERENT COMPOSITIONS W = Wear rate (mﬁflm)
. . Rockwell  Brinell Tensile M = Mass loss (g)
COQIP%S'SV?&WM Hardness Hardness Strength p = Density (g/mm)
2 (HR) (HB) (MPa) D= Sliding distance (m)
100% A 25 70 241.%
Al with 5%AI,0; 31 76 262.2 TABLE V
A| Wlth 10%A|203 40 80 276.C WEAR RATE OF AL-AL203COMPOSITES AT300RPM GRINDING SPEED
Al with 15%Al,04 42 82 282.9 Sample Mass Densigy Wear3 Rate
Composition with Compositiol Loss (g (g/mn) (mm/m)
SIC Wi% (HR) (HB) (MPa) 100% Al 0.50 0.00270 0.196
Al with 5%SiC 30.¢ 75 ¢ 558 ¢ Al with 5%AI,0; 0.4z 0.0027: 0.16¢
Al with 10%SiC 45.0 85.0 203.3 Al with 10%Al,04 0.3¢ 0.0028t¢ 0.141
Al with 15%Sic 50.C 90.C 310.E Al with 15%A1,0;  0.30 0.00302 0.105
. : L TABLE VI
,Table IV shows that Al',SIC composites exhibit rtely WEAR RATE OF AI-SiC COMPOSITES AT300RPM GRINDING SPEED
higher hardness and tensile strength compared 18l A8);
composite materials for 10% and 15% particle reggments. Sample Mass Density Wear Rate
A comparison of theoretical and experimental tensttength Composition Loss (g) (g/mn) (mm?/m)
fqr Al- Al 03 composng material is presc_ented in Fig. 2. The 100% Al 0.50 0.00270 0.196
highest percentage difference of tensile strengttwéeen e E0s - . S
. . . Al with 5%SiC 0.3: 0.0027! 0.127
theoretical and experimental values is observeletd1.83% - :

. Al with 10%SiC 0.28 0.00278 0.107
for MMC with 10%wt of ALOs;. The lowest percentage Al With 15%SiC 0.2E 0.0028" 0.09¢
difference is 5.92% for 100% Aluminium without any = - - :
reinforcement particles. Alln fact, in the composites, the TABLE VI
reinforcement particles act as a strengthening tagpan helps WEAR RATE OF Al-Al ;05 COMPOSITES ATA00RPM GRINDING SPEED
to fill in pores in the metal matrix, thus creatiagstronger ]
bond between the matrix’s particles. Sample Mass  Density ~Wear Rate

With the stronger bond between particles, the meichh Composition Loss (g) (g/mn?)  (mm/m)
properties of the material will also improve [10]. 100% Al 0.65 0.0027( 0.25¢
Al with 5%Al,03 0.6< 0.0027: 0.24¢
Tensile Strength Value Comparison Al with 10%A1,05 0.58 0.00286 0.215
P Al with 15%A,0s  0.45 0.00302 0.158
= 230
S m TABLE VIl
5 = ’_’_*,_,r"’ — hecrston WEAR RATE OF AI-SiC COMPOSITES AT400RPM GRINDING SPEED
Sy 230
§ i;j R Sample Mass Loss Density  Wear Rate
P Composition (9) (g/mn?)  (mm’m)
z , _ , 100% Al 0.65 0027C  0.25¢

100% A Bl with Al with Al with . .

5541203 10%AI203  15%A1203 Al with 5%SiC 0.5C 0.0027: 0.19¢
Al with 10%SiC 0.42 0.00286 0.156
Al with 15%SiC 0.3€ 0.0030: 0.12¢

Fig. 2 Tensile strength comparison for MMC with,@4
reinforcements

C.Wear Rate

Wear behaviour for the particle reinforced alummiu
matrix composites are obtained by using the wesdr Tehe test
is conducted by applying a constant load of 10Noothte
specimen while the specimen is in contact with @ g6t SiC
adhesive paper at 300 rpm and 400 rpm grindingdspte a
fixed time period of 5 minutes. The specimen massbitained
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From Tables V to VI, it is observed that (a) tvear rate

increases with the increase of grinding speed (rpth)

aluminium metal matrix composites with SiC as reinément
particles have lower wear rates compared to alumininetal

matrix composites with AD; reinforcement particles, and (c)
the wear rate decreases significantly with the ease of

686

particle reinforcements for both type of compositaterials.
For instance, the wear rate for Al with 15% SiC posite is
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only 0.126 mri¥m which is about 50% of the wear rate ofinstance, the tensile strength of Al with 15% S#C2B.68%

1005 Al (0.255 mriim). more than that of 100% pure

. . 3. The composite materials show significantly higseength
D.Microstructure of Al-AJO; Composites to weight ratioscompared to 100% Al. For instance, Al with
Microscopy of different composites materials such aj5e, SiC exhibits strength to weight ratio of 1.7Bhe

Al+SWH%AI,05, Al+10Wt% Al;Os, Al+15%Al,0; and Al 356 corresponding values of strength to weight ratms100% Al

alloy are shown in Fig. 3 (a-d). One of the mospamant ang cast iron are 1.54 and 0.765 respectively. &foes, the

considerations in the fabrication of metal matromposites proposed composite materials can be applied astitight-

(MMCs) materials is the uniform dispersion or dtstition of weight materials in automobile components.

the reinforcement particles as highlighted earlier-igure 3a, 4. |t is found experimentally that the wear ratecréases

the microstructure of aluminium AI356 alloy is shmwith no  gjgnificantly with the addition of reinforcement rtieles. Al-

reinforcement particles. In Fig. 3b, 3c, and 3e, teinforcing  siC composites exhibit lower wear rate comparedial ,0;
particles of AJO; are clearly visible as white specks. In Figcomposites.

3d, uniform distribution of AlO; particles is achieved. On the

other hand, distribution of reinforcement particles not ACKNOWLEDGEMENT
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Fig. 3 Optical micrograph of alloys and compos{t5)

(a) Aluminium at pure state (b) 5wt%&; reinforcement (c)
10wt% ALO; reinforcements (d) 15wt% AD; reinforcement

V.CONCLUSION

The following conclusions can be drawn from thesprg
study:

1. The proposed composite materials exhibit caefiits of
thermal expansion as low as 4B0°%°C.

2. The composite materials achieve significant smpment in
hardness and tensile strength compared to Al 3k§.dror
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