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Abstract:  
Metal matrix composite (MMC) has a unique class of light weight advanced 
engineered materials which are developed to give high strength, improved 
hardness, tensile strength, good elongation and good resistance to wear 
and tear hence increases the durability. It has good machinability 
properties, so that lightweight materials can replace the heavy materials like 
cast iron in aerospace and automobile industry. The aim of this research to 
study the mechanical and microstructure properties of LM25 reinforced 
with SiC particles and coated with mica fabricated by squeeze casting 
technique. Wear loss and mechanical properties such as hardness, tensile 
strength, elongation and yield strength wear studied. Microstructure with 
EDS studied using scanning electron microscope. Results show that with 
increasing the percentage of mica along with 10% SiC the MMC properties 
get enhanced. 
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1. INTRODUCTION  
 

Composites development has been carried out 
since many years, these combinations to improve 
the base metal qualities began in the 1950s. To 
improve the properties of MMCs researchers tried 
numerous combinations of ceramic whiskers as 
reinforcements in 1960s which resulted in 
aerospace applications. The automobile industries 
started to develop these MMCs in 1970s because 
the conventional monolithic materials have 
limitations to achieve good combination of 
strength, stiffness, density and toughness [1]. 
When a metal is reinforced with another material, 
it forms metal matrix composite (MMC), to 
improve the properties of MMCs, two or more 
materials were added to the matrix such as to give 
birth to hybrid metal matrix composites (HMMC).  
These composites have evolved through years to 
meet the modern day engineered lightweight 
materials which can give good strength, resistance 
to wear and tear [2]. These lightweight materials 

increasing fuel efficiency in automobiles [3]. Good 
combinations of reinforcements along with matrix 
give various properties like mechanical, electrical 
and chemical properties. Continuous, 
discontinuous, short, whiskers can be used as 
reinforcements with the MMCs to get desired 
properties to meet the growing technology.  
Comparison to the other types of reinforced 
MMCs, particulate reinforced MMCs have better 
strength and high wear resistance are achieved [4]. 
Commonly used ceramic reinforcement is SiC, 
Al2O3, B4C, ZrO2, etc. These composites also have 
improved hardness and thermal shock resistance 
[5].  LM25 is aluminium casting alloy (Al-Si7Mg), a 
grade of alloy which conforms to British standard 
1490 LM25. The achievement of the specified 
minimum tensile properties of LM25 is dependent 
on maintaining the optimum magnesium content 
[6]. Therefore care must be taken during melting 
and degassing to avoid loss of magnesium by 
oxidation resulting from overheating or by 
excessive chlorination. The tensile properties of 
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this grade of aluminium alloy at elevated 
temperatures are influenced by the condition 
(heat-treatment) of the castings and the duration 
at the elevated temperatures [7]. The heat treated 
LM25 alloy has fairly good machining properties, 
but tools need to be of high speed steel and must 
be kept sharp. A moderately high rate of tool wear 
can be expected during machining [8]. LM25 is 
highly resistant to corrosive attack by sea water 
and high marine atmospheres. The properties of 
silicon carbide are low density, high strength, low 
thermal expansion, high hardness, excellent 
thermal shock resistance and high elastic modulus 
[9]. The nearly perfect cleavage is the most 
prominent characteristics of mica, which can be 
explained by the hexagonal sheet-like arrangement 
of its atoms. The mica sheets are chemically inert, 
dielectric, elastic, flexible, lightweight, insulating, 
etc. which brings in a wide range of usage of mica 

commercially [10]. Stir casting method to 
incorporate SiC and mica into Al356 alloy were 
studied [11,12], its founded that better strength 
and hardness are achieved with Al/10SiC-3mica 
composites and with increase in mass fraction of 
mica improves the wear loss of the composites. 
Aluminium alloy (LM25) reinforced with SiC/E-glass 
and red mud by stir casting method. Results shows 
addition of reinforcement materials improves 
tensile strength, impact strength and reduces the 
percentage elongation, but addition of E-glass 
minimizes the hardness [13]. Very few authors 
reported mechanical properties of LM25 
reinforced with SiC using stir casting method, No 
one reported on squeeze casting technique. In this 
research to studied the mechanical and wear 
properties of LM25 reinforced SiC particles and 
coated with mica fabricated by squeeze casting 
technique. 

 
Table 1. Composition of LM25 Alloy 

 
 

2. EXPERIMENTAL WORK 

 
2.1 Selection of Materials and Sample 

preparation 

 
LM25 was used as a matrix material and 

chemical composition of LM25 is presented in 
Table 1. As reinforcing materials, silicon carbide 
particles of size 10 µm and mica with average size 
15 µm were used. Chemical compositions of mica 
are stated in Table 2.  

The composition of matrix and reinforcements 
selected is shown in Table 3. Samples of the 
composites were fabricated with 0, 3, 6% mica 
respectively. These compositions of mica were 
used with 10% silicon carbide particles in each 
sample. 

 
Table 2. Composition of Mica (%) 

SiO2 Al2O3 K2O Fe2O3 Na2O TiO2 CaO MgO 

45.57 33.10 9.87 2.48 0.62 traces 0.21 0.38 

 
Al the three samples of the compositions were 

fabricated using squeeze casting method. The 
squeeze casting route was employed to make sure 
that the reinforcements were uniformly 
distributed with less porosity [14]. 

 
 

Table 3. Sample preparation 

 LM 25 SiC Mica 

Sample 1 990 10 0 

Sample 2 987 10 3 

Sample 3 985 10 5 

 
The LM25 bar was cut into the required 

dimensions and amount for fabrication of the 
three samples showed in Table 3. Mica was 
procured from Mica Fabrication Export Pvt.Ltd., 
Chennai for the purpose of this study. 

 
2.2 Sample fabrication 

 
Fabrication started by first melting the LM25 

alloy in an electric furnace with 750ºC. SiC and 
mica was preheated together to a temperature 
about 550ºC. The preheated reinforcement 
particles were added to the molten metal at about 
750ºC and were continuously stirred for about 8 
minutes at 600 rpm [15]. The squeeze casting 
setup is shown in Fig.1. This melt was released to 
the pathway to squeeze casting setup. Squeeze 
casting process parameters such as squeeze 
pressure 100 Mpa, pouring time 10 sec, and 
pressure holding time 15 sec has maintained [6]. 
Molten metal poured to the squeeze casting die 
through pathway to get the desired shape. 

Cu Mg Si Fe Mn Ni Zn Pb Sn Ti Al 

0.1% 0.20-0.60% 6.5-7.5% 0.5% 0.3% 0.1% 0.1% 0.1% 0.05% 0.2% remainder 
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Fig.1. Squeeze casting setup 

 
2.3 Characterization 

 
Fabricated samples were machined as ASTM 

standard for taking mechanical and wear tests.  For 
microstructure tests the samples were prepared by 
first rubbing them with emery paper of grade upto 
1200 grit size which was followed by polishing the 
surface of the sample using Keller’s reagent on a 
grinding machine using velvet cloth. These samples 
were then examined with a scanning electron 
microscope.  

The tensile properties of the samples were 
carried out using an electric tensile testing 
machine at room temperature based on ASTM E8 
standard. The cast samples were machined for 
testing purpose using lathe to get the required 
dimensions. Fig.2 shows fabricated sample as per 
ASTM D3039 [16].  

 

 
Fig.2. Tensile test samples 

 

Hardness test of the samples were carried out 
using Rockwell’s hardness testing machine to find 
out the effect of mica composition in the samples 
at load of 100 kgf and dwell time of 10 seconds. 
Fig.3 shows the hardness HMMC samples. The 
chemical composition of the different phases in 
the third sample with 5% mica was investigated 
using energy dispersed X-Ray (EDAX) detector. 

On Fig.4. is shown wear test samples. 
 

 
Fig.3. Hardness test samples 

 

 
Fig.4. Wear test samples 

 
3. RESULTS AND DISCUSSION 
 
3.1 Hardness 

 
Rockwell’s hardness test results are shown in 

Fig.5. The hardness value of sample 1 
(LM25/10SiC/0mica) has the least value and 
sample 3 (LM25/10SiC/5mica) have the highest 
hardness value compare then LM25 alloy. This 
shows that with the increase in amount of mica 
the hardness of the composite increases. 
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Fig.5. Hardness values of composites 

 

3.2 Tensile strength 

 
Tensile strength samples results are shown in 

Fig.6. The stresses of the first, second and third 
samples are 134MPa, 147MPa and 156MPa 
respectively. Compare then base alloy, sample 3 
tensile strength has increased 22%. Elongation 
percentages are shown in Table 4. 
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Table 4. Elongation Values of Composites 

Sample1 Sample2 Sample3 

4.00% 1.667%   6.33% 
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Fig.6. Tensile strength of composites 

 
3.3 Microstructure 

 
Sample 1 (LM25/10SiC/0mica): The particles are 

not evenly distributed and seem to be scattered. 
The microstructure shows fine inter-dendritic 
pattern of Al-Si eutectic particles in Al solution. The 
composite particles occupied the grain boundary 
cavity voids. This can be adhered from Fig.7. 

 

 
Fig.7. Microstructure of sample 1 

 

Sample 2 (LM25/10SiC/3mica): The particles are 
not evenly distributed and seem to be scattered. 
The microstructure shows fine inter-dendritic 
pattern of Al-Si eutectic particles in Al solution. The 
composite particles are less in percentage and the 
distribution is uniform in the matrix. This can be 
adhered from Fig.8. 

 

 
Fig.8. Microstructure of sample 2 

Sample 3 (LM25/10SiC/5mica): The particles are 
not evenly distributed and seem to be scattered. 
The higher percentage of composite particles has 
led to higher distribution in the metal matrix. The 
composite particles occupied the grain boundary 
cavity voids. This can be adhered from Fig.9. 

 

 

Fig.9. Microstructure of sample 3 
 

3.4 SEM 

 
The SEM micrographs of LM25/10SiC/5mica 

composites are shown in Fig.10 and 11 for the 
third sample LM25/10SiC/5mica. 

 

 

Fig.10. Distribution of SiC 

 

 

Fig.11. Distribution of mica 

 

SEM and EDAX report confirms the presence of 
carbon (6.84% by weight), oxygen (1.04% by 
weight), aluminium (90.64% by weight) and silicon 
(1.49% by weight). Fig.12 shows the presence of 
the elements by weight. 
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Fig.12. EDS analysis of sample 3 

 
3.5 Wear loss 

 
Wear loss test was carried for the three 

samples with base material. Coefficient of friction 
(COF) for each samples mentioned in Table 5.   The 
initial and final weights of the three samples are 
shown in Table 4. 

 
Table 5. Wear loss and COF 

Sample 
ID 

Initial weight 
in “g” 

Final weight 
in “g” 

COF 

1 4.15 4.05 0.875 

2 4.051 4.048 0.684 

3 3.917 3.915 0.512 

 
Fig.13 shown from wear test that with addition 

of composition of mica the composite becomes 
more resistive to wear loss. 
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Fig.13. Wear micron  

 
4. CONCLUSIONS 

 
LM25 alloy reinforced SiC with different wt% of 

mica were successfully prepared by squeeze 
casting technique. The samples were characterized 
and drawn the following conclusions are:   

 Squeeze casting technique was suitable to 
fabricate the LM25 HMMC; 

 Increasing the wt% of mica, composite shows 
higher density; 

 Sample 3 (LM25/10SiC/5mica) shows 
maximum hardness and tensile strength. It has 
increased 22% compare then base metal; 

 Microstructure observed that sample 3 shown 
good bonding and less voids compare to other 
samples; 

 SEM exposed less agglomeration with uniform 
distribution and EDS shown presence of 
reinforcement in sample 3;  

 COF decreased with increasing mica wt%; 

 It was found that with increase in amount or 
composition of mica in the composite, a more 
wear loss resistive material can be obtained. 
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