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Abstract 

 In this present study investigation of various mechanical 

properties were discussed for the aluminium –silicon carbide- 

graphite composite. Aluminium alloy (LM-25) was taken as the 

base material. SiC and graphite was chosen as reinforcements 

because of their properties like high strength and good self 

lubricating property respectively. The composite was prepared 

by stir casting method. Various samples were taken to investigate 

the properties on weight to weight ratio. The percentage of 

graphite was maintained constant at 4% as the previous works 

suggest no further improvement of mechanical and tribological 

properties with increase in graphite more than 4% (w/w). Beyond 

this percentage the hardness of composite decreases as graphite 

particles interact with each other leading to clustering of 

particles. For various samples density, hardness and impact 

strength were evaluated for the various compositions and 

compared with the base alloy. It has been observed that the 

hardness, tensile strength, density of the composite was increased.  

Keywords— Sic, Graphite, mechanical properties, hybrid metal 

matrix composite, aluminium alloy(LM-25), stir casting 

 

1. Introduction  

Nowadays, Metal Matrix Composites (MMCs) are under serious 

consideration to replace conventional materials for a large number of 

structural applications such as those in the aeronautical/aerospace, 

transportation, defense, automobiles and sports industries because of 

their superior properties. The excellent mechanical properties and the 

comparatively low cost make them as an attractive option. Metal 

Matrix Composites (MMCs) are suitable for applications requiring 

combined strength, thermal conductivity, damping properties and low 

coefficient of thermal expansion with lower density. These properties 

of MMCs enhance their usage in many applications. In the field of 

automobile, MMCs are used for pistons, brake drum and cylinder 

block because of better corrosion resistance and wear resistance. A 

large number of fabrication techniques are currently used to 

manufacture the Metal matrix composites based on the type of 

reinforcement used like a. stir casting b. Electroplating and 

electroforming c. Squeeze casting d. spray deposition e. Reactive 

processing. Stir casting process involves the agitation of particulate 

reinforcement and semisolid metal (SSM). 

High homogeneity is required to attain optimum mechanical 

properties for the composite material. Therefore, the important 

parameters controlling the process must be identified and correctedin 

order to achieve a good quality composite. 

There is a growing interest worldwide in manufacturing hybrid 

metal matrix composites [HMMCs] which possesses combined 

properties of its reinforcements and exhibit improved physical, 

mechanical and tribological propertiesIntroduction  

There is a growing interest worldwide in manufacturing 
hybrid metal matrix composites [HMMCs] which possesses 
combined properties of its reinforcements and exhibit 
improved physical, mechanical and tribological properties (6).  

DiASil (Die Cast Aluminium Silicon) Cylinder, its application 
can be found on Yamaha R series bikes. A conventional cylinder has 
a steel sleeve, but the DiASil cylinder doesn’t need a steel sleeve 
because it is made of abrasion-resistant aluminium alloy. The all-
aluminium combustion chamber has a heat dissipation rate that is 
three times better than steel, which means great cooling performance. 
DiASil Cylinder adds a silicon content of 20% to the aluminium 16 
alloy to achieve the required hardness to resist abrasion (7). Honda 
Company used AMMC for cylinder liners in some of their engines 
like F20C, F22C and H22A (8).  

According to Rohit Kumar, Ravi Rajan, & R K Tyagi, 2013 
(9), the yield strength and tensile strength of the composites decrease 
with increasing the volume fraction of the SiC particles, while the 
hardness of the composites increases with increasing the volume 
fraction of the SiC particles so that impact strength increases with 
increase in volume fraction of reinforcement at a certain limit (upto10 
%) after starts decreasing.  

G.G. Sozhamannan, S. Balasivanandha Prabu and V. S. K. 
Venkatagalapathy 2012 (10) observed that production of 
Aluminium composite reinforced with discontinuous ceramic 
particulates by Stir casting route will have homogeneous mix and is 
cost effective process. The major problem in this technology is to 
obtain sufficient wetting of particle by the liquid metal and to get a 
homogeneous dispersion of the ceramic particles.  

Neelima, Mahesh, & Selvaraj, 2011 (11) has conducted 
experiments on Al-SiC and showed that the weight to strength ratio 
for Aluminium silicon carbide is about three times that of mild steel 
during tensile test. Aluminium silicon carbide alloy composite 
material is two times less in weight than the aluminium of the same 
dimensions. The maximum tensile strength has been obtained at 15% 
SiC ratio. This indicates that the Aluminium silicon carbide 
composite material is having less weight and more strength.  

Dunia Abdul Saheb 2011 (12) compared the micro and macro 
structural behavioral of Al-SiC and Al-Gr particulate composites by 
varying the weight fractions of SiC and Graphite. This study reveals 
that increasing trend of hardness with the increase in graphite up to 4 
wt% weight fraction. Beyond this the hardness of composite 
decreases as graphite particles interact with each other leading to 
clustering of particles.  
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S. Naher, D. Brabazon and L. Looney 2003 (13) has simulated 
stir casting process using different blade designs and studied the 
effects of stirring speed, blade angles and number of blades on the 
uniform dispersion of SiC particles into different liquid medium and 
time required for uniform dispersion of particles. They noticed the 
excessive vortex height is responsible for air entrapment into the 
liquid and is more in more viscous liquid. It was observed that 
settling times of particles only depends on the viscosity of the liquid 
metal and does not depend on the stirring speed and blade design.  

Elango, B.K.Raghunath, & K.Thamizhmaran (14) have 
conducted mechanical tests on a hybrid metal matrix composite with 
SiC and TiO2 on which the addition of SiC and TiO2 particulate 
significantly improves the yield strength and the ultimate tensile 
strength of LM25 alloy, when compared with that of unreinforced 
matrix. The ultimate tensile strength of Al (LM25+SiC+TiO2) metal 
matrix composite when reinforced 15 vol. % is increased by 45.38%  

A.R Riahi and A.T Alpas 2001 (14) have focused on systemic 
tests of the role of tribo-layers which are formed on contact surfaces 
of hybrid composites with A356 aluminium base. Tests were done on 
Al/ SiC /Gr hybrid composite with A356 base, 10% SiC with particle 
size of 16 μm and 3% of graphite with particle size of 80 μm and 138 
μm. Performed tribological tests determined dependence between 
wear and sliding speed and load. The tests were performed on block 
on ring tribometer for loads of 5–420 N and for sliding speeds of 0.2–
3.0 m/s.  

M.L. Ted Guo and C.Y.A. Tsao 2000 (15) have studied 
tribological behavior of Al-SiC and graphite hybrid composites with 
different graphite composition and found that friction coefficient 
decreases with the addition of graphite up to 5% and no considerable 
change noticed with further increase in graphite and also observed 
that hardness of the composite decreases with addition of graphite.  

B.MALLICK, P.C. MAITY and V.K. SINHA 1998 (16) 
explained that addition of magnesium to the liquid aluminium will 
reduce the surface tension of the melt facilitating the depression of 
ceramic particles in to the melt and also increases the wetting 
properties of metal-ceramic systems through reduction in solid-liquid 
interfacial energy.   

Basavaraju.S, November 2012 et al (18), studied the behavior 
of graphite and fly ash by varying the percentage of Silicon Carbide 
and aluminum LM25 as base metal Prepared MMC’s provide 
excellent wear characteristics up to a limit load. The tensile strength 
improves for 2% addition of SiC and 4% of SiC in Al+ Graphite. This 
proportion is ideal for many results to outcome easily. Similarly, 2% 
and 4% addition of SiC in Fly ash combination makes an efficient 
material. The hardness of the material increases with the combination 
of 2% addition of SiC and Graphite. The compressive strength is 
ideal at 2% and 4% addition of SiC graphite and Fly ash. Till now, 
significant work has been done on production of MMC’s especially 
on producing light and durable composites using aluminium. Various 
works has been done for strengthening aluminium with 
reinforcements. In this regard, number of researchers conducted 
experiments on aluminium composite with graphite and SiC 
reinforcements on various alloys. The present work will focus on 
fabrication mechanical properties of aluminium composite having 
LM-25 as a matrix, SiC and graphite as reinforcements. 

2. Experimental details 

2.1. Materials 

In this work for preparing metal–matrix composite, 
aluminium alloy (LM-25) is used as base material; Graphite 
and granite in powder form are used as the reinforcements. 
Graphite and granite were seived with 53µm and aluminium 
was taken in the form of ingots.  

2.1.1. Aluminium alloy (LM-25) 

The tensile properties of aluminium alloy (LM-25) at 
elevated temperatures are influenced by the condition (heat 

treatment) of the castings and the duration at the elevated 
temperatures. The heat treated alloy has fairly good machining 
properties. They are of high resistance to corrosive attack by 
sea water and marine atmospheres. The chemical composition 
was shown in table 2.1 

Table 1:- Chemical Composition of LM-25 Alloy 

Copper 0.1 max  

 Magnesium 0.2 - 0.6 

Silicon 6.5 - 7.5 

Iron 0.5 max 

Manganese 0.3 max 

Nickel 0.1 max 

Zinc 0.1 max 

Lead 0.1 max 

Tin 0.05 max 

Titanium 0.2 max 

Aluminium Remaining 

 

2.1.2. Graphite 

 The mineral graphite is an allotrope of carbon. Unlike 
diamond (another carbon allotrope), graphite is an electrical 
conductor, a semimetal. It is, consequently, useful in such 
applications as arc lamp electrodes. Graphite is the most stable 
form of carbon under standard conditions. Therefore, it is used 
in thermo chemistry as the standard state for defining the heat 
of formation of carbon compounds. Graphite may be 
considered the highest grade of coal, just above anthracite and 
alternatively called meta-anthracite, although it is not normally 
used as fuel because it is difficult to ignite. Graphite and 
graphite powder are valued in industrial applications for their 
self-lubricating and dry lubricating properties. And hence, 
graphite may support granites hardness by providing a layer 
self-lubrication between contact surfaces resulting in increase 
of wear resistance. 

2.1.3. Silicon Carbide (SiC)  

Silicon carbide is a compound of silicon and carbon with 
chemical formula SiC. Grains of silicon carbide can be bonded 
together by sintering to form very hard ceramics that are 
widely used in applications requiring high endurance, such as 
car brakes, car clutches and ceramic plates in bulletproof vests. 
The first use of SiC was as an abrasive. This was followed by 
electronic applications. SiC also has a very low coefficient of 
thermal expansion 4.0 × 10−6/K. SiC is used for its hardness 
in abrasive machining processes such as grinding, honing, 
water-jet cutting and sandblasting. Particles of silicon carbide 
are laminated to paper to create sandpapers and the grip tape 
on skateboards. 

The stir casting setup for production of MMC is shown in 
Fig. 1. Stir casting is a primary process of composite 
production in which continuous stirring of molten base metal 
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is done followed by introduction of reinforcements. The 
resulting mixture is poured into the die and allowed to solidify. 
In stir-casting, the particles often tend to form agglomerates, 
which can be only dissolved by vigorous stirring at high 
temperature. The various advantages of stir casting are 
simplicity, flexibility, applicability to large quantity, near net 
shaping, lower cost of processing and easier control of matrix 
structure. In this work, stir-casting method is used for 
preparing aluminium metal–matrix composite. This whirlpool 
technique provides high strength and homogeneous set of 
aluminium composite materials. 

3. Experimentation  

3.1 Construction of Stir Casting Furnace 

 For the present work it requires a stir casting furnace 
with 4 blade stainless steel stirrer. Since stir casting is not a 
conventional casting method, a suitable furnace has to be 
designed. Even though some stir casting furnaces are readily 
available in the market, a custom made conventional stir 
casting furnace is much cheaper and is best suited for the 
present work to vary process parameters according to the 
requirements.  

A conventional stir casting furnace consists of the 
following basic components. 

a. Furnace 

b. Crucible 

c. Stirring Equipment 

3.2.1 Preparation of Pit Furnace 

 A pit furnace is prepared by using a cylindrical oil 
drum. The inner wall of furnace is lined with refractory bricks 
to prevent heat losses and is sealed with soft red mud which is 
separated from stones and lumps. Total furnace was made of 
two chambers, upper chamber is to incorporate coal and 
crucible and the lower chamber is to blow pressurised air to 
upper chamber for achieving higher temperatures and to 
collect ashes formed due to burning of coal. 

3.2.2 Preparation of Stirrer 

 A 1200 rpm high torque reversible motor is taken and 
connected with a potentiometer for varying speeds as per the 
requirement. The motor shaft is coupled to a stainless steel rod 
and the other end is connected to a stainless steel four-blade 
impeller and is tested by stirring water in the crucible and bent 
to the desired angle for producing vortex. 

 

Figure 1 Stirrer arrangement 

 

3.3.3 Consumables and Miscellaneous Materials 

 An eight litre silicon carbide crucible is bought for 
this purpose and is preheated to red hot condition to relieve 
from internal stress. A stand is prepared for mounting of stirrer 
assembly above the furnace. To avoid vibrations in the stirrer, 
motor is mounted on springs which damp the vibrations. A 
ceiling fan hub is used to prevent motor from exposing to 
direct heat from the furnace. The stand is made as such that 
some small adjustments can be made to centre the stirrer to the 
crucible. A centrifugal blower is used to blow the air into the 
furnace. 

3.3.4 Assembly 

 Furnace cavity is half filled with lumps of bituminous 
coal and then crucible is mounted on the coal in concentric 
with the furnace cavity. The space between the crucible and 
the furnace is then filled with small pieces of coal. A pipe is 
connected at the lower chamber and the chamber was sealed 
with mud and the other end of pipe is connected to the blower. 

Stirrer rod is connected to the motor and the motor 
assembly is fixed to the stand. Stand is adjusted such that the 
stirrer is located at the centre of crucible and the blade is 4 cm 
above from the bottom of the crucible. 

In the present work pure LM-25 alloy samples were 
referred as Group 0, LM-25 with 4% Graphite and 5% Granite 
samples were referred as Group 1and LM-25 with 4% 
Graphite and 10% Granite samples were referred as Group 2. 

 

  Figure 2 Stir Casting 

For convenience of presentation and plotting, from here 
onwards pure LM-25 alloy samples were referred as Group 0, 
LM-25 with 4% Graphite and 10% SiC samples were referred 
as Group 1and LM-25 with 4% Graphite and 15% SiC 
samples were referred as Group 2. 

4. Testing 

The following tests are conducted on the aluminium 
composites to know their mechanical properties. 

4.1 Density  

Density of each sample was measured based on 
Archimedes principle in a calibrated glass jar. In Figure 3, it 
can be noticed that the density of composite is increased 
because of the increase of SiC composition 
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Figure 3 comparison of density 

4.2. Hardness  

Since the SiC is superior to aluminium and graphite 

in case of hardness, in general it can be expected that the 

dominance of SiC in increase of hardness of the composite. 

The practical observations revealed that the hardness of the 

composite increased considerably. It was noticed that the 

increase of hardness from Group 0 to Group 1 is form 108 

BHN to 142 BHN has a difference of 34 BHN and the increase 

form Group 1 to Group 2 is from 142 BHN to 154 BHN has a 

difference of only 12 BHN (see Figure 0.2). This can be 

considered that the incorporation of SiC in the aluminium 

gives hardness to the composite but the further increase of SiC 

has given a little increase in hardness due to the domination of 

aluminium alloy over the composite since the composition of 

SiC is only 10% of weight. Further addition of graphite may 

give a considerable increase in hardness at some point but may 

affect interfacial strength and uniform distribution of 

reinforcement and also the other mechanical properties like 

density, tensile strength. 

 

 

Figure 4 Comparison of hardness 

4.3 Tensile Strength  

As it was the maximum stress that a material can withstand 
while being stretched, interfacial bonds may affect greatly on 
the tensile strength of the composite. In Figure 0.3, we can see 
that the tensile strength was increased in the composites but 
doesn’t have comparable variation. Weak interfacial bonds 
may result in decrease in tensile strength of the composite, but 
here the increase of tensile strength shows that there was good 
interfacial strength. Since the reinforcements were preheated 
before mixing with aluminium there might be uniform 
distribution and smooth interface while mixing. From this 
result we can expect good interfacial strength when we heat 
the reinforcements at higher temperatures which will facilitate 

uniform distribution of more amount of composite without 
losing the strength. 

4.4. Modulus of Elasticity  

Modulus of elasticity shows linear relation with tensile 
strength as same as conventional materials. In Figure 0.4 we 
can observe that the modulus of elasticity was increased but 
not greatly as same as tensile strength. The elongation of 
material is similar to the base alloy, almost negligible amount 
of elongation for all the groups. Since all the samples are fully 
heat treated, the samples will gain brittleness and hardness 
losing ductility which might be resulted in tendency of brittle 
failure. 

 

Figure 5 Comparison of Modulus of Elasticity 

 

Conclusion  

From the experimental and analysis of present work the 
following conclusions are drawn.  

1. Addition of SiC will increase the mechanical properties 
of the composite.  

2. By comparing with amount of SiC in the composite LM-
25 with 4% graphite and 15% SiC is most suitable for regular 
casting process.  

3. Hardness of the composite increased by 31.4% for 10% 
SiC and 42.5% for 15% SiC.  

4. It was noticed that the density of the composite is 
increasing with the increase of silicon carbide.  

5. From the analysis the total deformation has been 
decreased by 6.9% for 10% SiC and 9.2% for 15% SiC. So, it 
can be concluded that this composite material in engine 
cylinders can be used for higher capacities than that of which 
they are now using.  
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