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Abstract - The study of metal matrix composite materials 
has gained significant attention in the field of materials 
science due to their enhanced mechanical properties like 
specific strength, light weight, specific toughness etc. 
Aluminium alloy is widely used material as matrix because of 
its unique characteristics like light weight, low cast, easy to 
cast etc. Among Aluminium alloy LM26 is unique in nature 
because of its alloying elements is Si, CU, Mg which makes it 
suitable for automobile and aerospace industries. In the 
present work, LM26 Al alloy is reinforced with SiC particle to 
study its mechanical properties. The stir casting method was 
followed to cast specimens from 0 to 10% at a steps of 2% 
weight percentage of SiC reinforcement. The specimens were 
machined to make tensile compression and hardness 
specimens as per ASTM standards. The specimens were 
tested in a laboratory equipment’s having NABL 
accreditation. The results shows that overall mechanical 
properties in uptrend as reinforcement percentage increases 
up to 8% SiC. Then there is a down trend as increasing 
reinforcement induced brittleness. These observations were 
confirmed by micro structure study in optical microscope at 
100X and 500X. 

Key Words:  LM26, SIC, Tensile Strength, Compression 
Strength, BHN, Stir Casting, MMC’s, Microstructure. 

1. INTRODUCTION 

The study of metal matrix composite materials has 
gained significant attention in the field of materials science 
due to their enhanced mechanical properties like specific 
strength, light weight, specific toughness etc. Among these, 
aluminium alloys reinforced with ceramic particles such as 
silicon carbide (SiC) particles have shown promising 
improvements in strength, hardness, durability, light weight, 
easy to cast, and many more.[1,2] The development of 
composite materials has revolutionized various industries by 
providing materials with superior mechanical properties. 
Among these, aluminium matrix composites (AMCs) are 
particularly noteworthy due to their lightweight nature 
combined with enhanced strength and durability.[3,4] 

LM26, a high-performance aluminium alloy a special 
alloy which have many benefitting properties like low 
weight, Corrosion resistant, easy to cast, low cost etc. LM26, 
a high-strength aluminium alloy, has been extensively 

researched for its potential applications in automotive, 
aerospace. This alloy when reinforced with SiC, exhibits 
significant improvement in mechanical properties like 
tensile strength, compression, and hardness properties, 
making it an ideal candidate for various industrial 
applications, automotive parts especially in Electric vehicles. 

Incorporating ceramic particles such as silicon 
carbide (SiC) into LM26 alloy forms a composite material 
that leverages the overall mechanical properties. This 
reinforcement significantly improves the mechanical 
properties of the base aluminium alloy, making it an 
attractive option for future applications especially advanced 
automotive body parts. By analysing these properties, the 
research seeks to provide comprehensive insights into the 
benefits and potential applications of LM26/SiC composites. 
The findings will not only highlight the improved 
performance metrics but also discuss the practicality of 
integrating such materials into existing manufacturing 
processes.[4] 

This research work aims to assess the mechanical 
behaviour of LM26 aluminium alloy reinforced with SiC 
particles at 0% to 10 % at steps of 2% increasing. This work 
focus on its tensile strength, compressive strength, and 
hardness. By understanding these properties, the study 
seeks to provide insights into the potential applications and 
benefits of using such composites in sectors that demand 
high strength and reliability. 

1.1 LM26 Aluminium alloy 

LM26 aluminum alloy is a cast aluminum alloy 
renowned for its excellent casting characteristics and 
balanced mechanical properties. It is part of the Al–Si–Cu 
family, meaning that while aluminum is the principal 
component, significant amounts of silicon and copper (along 
with minor additions of magnesium, iron, and others) are 
incorporated to optimize its performance. This composition 
gives LM26 superior fluidity during casting—a result of the 
high silicon content (typically around 8.5–10.5%)—and 
strength enhancements from copper (commonly around 2–
4%), making it especially suited for applications where both 
intricate castings and robust properties are required. [3,4] 
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LM26 is a designation for a specific type of 
Aluminium alloy commonly used in casting applications 
where LM stands for Linear monolithic. It is part of the Al-Si 
(Aluminium-Silicon) family of alloys, which are particularly 
known for their good cast ability, low shrinkage, and 
excellent wear resistance. LM26 is often used for parts that 
are exposed to moderate to high stress, especially where 
good strength-to-weight ratio, wear resistance, and 
corrosion resistance are important.[2] 

Mechanical Properties LM26 Aluminium 

LM26 Aluminium is a high-strength Aluminium alloy with 
the following properties.[2,3] 

Table no 1.1: LM 26 Mechanical properties 

Sl No Property Value 

1 Density (g/cm3) 2.6-2.7 

2 Melting Point (°C) 600-650 

3 Thermal Conductivity (W/m-K) 120-150 

4 Co-Efficient of Thermal Expansion  22x10-6°C 

5 Hardness (Brinnel Hardness)  75-90 

6 Modulus of Elasticity (GPa) 70-80 

7 Ultimate Tensile Strength (MPa) 180-250 

 

 

Fig1.1 LM26 Billet photos 

1.2 Silicon Carbide 

The combination of extreme hardness, thermal 
stability, and excellent electrical characteristics makes SiC a 
material of choice in applications that demand durability and 
efficiency. As technology continues to push the boundaries of 
performance, especially in materials science. Silicon carbide 

or carborundum material with exceptional thermal, 
mechanical, and electrical properties. These properties make 
it highly valued in a variety of applications, including power 
electronics, abrasive materials, heat exchangers, wear-
resistant components etc. Silicon carbide is the third hardest 
material available. SiC's hardness is due to its unique crystal 
structure, which consists of silicon and carbon atoms tightly 
bonded together. This arrangement gives SiC its great 
strength and hardness, and makes it highly resistant to wear 
and abrasion.  

Important properties of Silicon Carbide: 

Table No 1.2: Mechanical Properties of Silicon Carbide 

Sl No Property Value 

1 Density (g/cm3) 3.21 

2 Melting Point (°C) 2700 

3 Thermal Conductivity (W/m-K) 120-180 

4 Co-Efficient of Thermal Expansion  4 – 5 x10-

6/°C 

5 Hardness (Brinnel Hardness)  9.0 (Mohs 
scale) 

6 Modulus of Elasticity (GPa) 400-500 

7 Ultimate Tensile Strength (MPa) 400-600 

 

 

Fig1.2  Silicon carbide Powder 

Grit size: 325, Mesh size: 45 microns 

2. Casting of LM26/SiC Metal Matrix composite 

Stir casting, also known as composite casting, is an 
essential method for manufacturing metal matrix 
composites. It involves the reinforcement phase (particles or 
fibers) being blended or stirred into a molten matrix metal. 
This technique is highly favored in industrial applications 
due to its easy implementation and economic viability. The 
process begins by heating a metal alloy until it reaches a 
liquid state, typically in a furnace designed to maintain 
precise temperature controls. Following complete melting, 
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reinforcement materials such as silicon carbide (SiC) is 
introduced into the molten metal. Mechanical stirring is 
employed to create a vortex, allowing uniform dispersion of 
the particles throughout the matrix while minimizing 
agglomeration. This stirring continues for a specified period, 
ensuring even distribution and effective bonding at the 
matrix-reinforcement interface before the mixture is cast 
into moulds to solidify. 

 

Fig: 2.1 Stir casting machine setup 

3. Tensile strength 

Tensile strength is one of the basic mechanical 
properties which was widely used for designing most of 
parts. By assessing the tensile strength only, a particular 
material can be declared for desired application. Tensile 
testing is one of the most widely used methods to evaluate 
the mechanical properties of materials such as metals, 
plastics, wood, and composites. The procedure is 
standardized and commonly follows guidelines set by 
organizations like ASTM, SAE, ASM, and ANSI. In this test, a 
specimen with a known cross-sectional area and gauge 
length is subjected to a gradually increasing uniaxial tensile 
load using a Universal Testing Machine, typically at room 
temperature. A tensile test conducted using a Universal 
Testing Machine (UTM) is a crucial method for evaluating the 
mechanical properties of materials. 

 

Fig 3.1 Tensile specimen at machined at different 
SiC% of Reinforcement 

 

Fig 3.2 Fractured Tensile specimen at machined at 
different SiC% of Reinforceme 
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Table No 3.1 Tensile test results table for varying SiC 
Reinforcement/LM26 MMC along with Yield Stress and 

% of elongation 

% of 
Reinforcement 

Yield 
Stress, 

Mpa 

Tensile 
strength, 

Mpa 
% 

Elongation 

0 89.208 97.119 1.76 

2 93.518 102.667 1.22 

4 101.016 109.960 1.28 

6 128.802 138.795 1.50 

8 140.623 152.788 1.36 

10 92.238 100.654 1.66 

 

4. Compression strength 

A compression test in a Universal Testing Machine 
(UTM) is performed to evaluate a material's ability to 
withstand compressive forces. In this test, a specimen often a 
cylindrical or cubical block is placed between two 
compression plates in the UTM. As the plates move towards 
each other, a gradually increasing compressive force is 
applied to the specimen until it deforms or fails. Sensors 
measure the applied force and resulting deformation, 
generating a stress-strain curve that helps determine key 
properties such as compressive strength, elastic limit, and 
modulus of elasticity. This test is commonly used for 
materials like concrete, metals, polymers, and ceramics to 
ensure they meet the required strength criteria. 

  
  

0% SiC 2% SiC 4% SiC 

 
  

6% SiC 8% SiC 10% SiC 

 
Fig 4.1 Compression specimen at varying SiC% 

Reinforcement 

 

 

 

 

 

 

 

0% SiC 2% SiC 4% SiC 

 

 

 

 

 

 

6% SiC 8% SiC 10% SiC 

 
Fig 4.2: Compression specimen at varying SiC% 

Reinforcement after the test 

Table no 4.1 Results of Compression test 

% of 
Reinforcement 

Compression 
Strength, Mpa 

CH Travel Value at 
peak 

0 430.3 7.00 

2 438.8 6.67 

4 479.8 6.97 

6 494.3 5.13 

8 515.1 6.71 

10 486.0 6.85 

 

5. HARDNESS STRENGTH 

Hardness testing is a technique used to evaluate 
how well a material resists deformation, especially when 
subjected to indentation, scratching, or abrasion. The 
process involves applying a controlled force to press a 
harder object, called an indenter, onto the surface of the test 
material for a specified period. The resulting indentation—
measured in size or depth—is used to determine the 
material's hardness value, indicating its resistance to 
localized plastic deformation. Various methods like Brinell, 
Rockwell, Vickers, and Knoop are selected based on the 
specific characteristics of the material, such as thickness, 
type, and the level of precision needed. Due to its efficiency 
and non-destructive nature, hardness testing plays a crucial 
role in quality assurance, material selection, and 
investigating material failures. 

The Brinell hardness test is a widely used technique 
for assessing the hardness of metals and alloys by evaluating 
their resistance to indentation. It involves pressing a hard 
tungsten carbide ball, typically 10 mm in diameter, into the 
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material's surface using a specific force ranging from 500 to 
3000 kilograms-force, depending on how hard the material 
is. This load is maintained for a set time, usually 10 to 15 
seconds. After the load is removed, the diameter of the 
resulting indentation is measured in two directions and 
averaged to note the Brinell hardness number. 

 

 

 

 

 

 

0% 2% 4% 

 

 

 

 

 

 

6% 8% 10% 

 
Fig 5.1 BHN Specimen for Different SiC % 

Reinforcement 

   

0% 2% 4% 

   

6% 8% 10% 

 
Fig 5.2 BHN Specimen for Different SiC % 

Reinforcement after 3 indentation 

 

 

Table no 5.1 Hardness test results 

% of Reinforcement Average BHN 

0 101 

2 102 

4 107 

6 107 

8 108 

10 101 

 

6. RESULTS AND DISCUSSIONS 

6.1 LM26 Composition  

Comparison between Standard values with experimental 
value of LM26. 

The procured LM26 Aluminium alloy was conducted a 
chemical test to identify the various elements present in it 
along with weight percentage. The optical emission 
spectrometer DV6E was used and test was conducted as per 
ASTM E1251 17a. the following percentage values were 
obtained. 

Table no 6.1: Comparison between standard levels 
element of LM26 and  experimental Value. 

Sl 
No 

Element Referred 
Value 

Experimental 
value 

Percentage Percentage 

1 Silicon (Si) 08.5 – 10.5 10.122 

2 Cupper (Cu) 2.0 – 4.0 2.978 

3 Magnesium (Mg) 1.5 – 0.5 1.304 

4 Iron (Fe) 1.2 (Max) 1.166 

5 Zinc (Zn) 1.0 (Max) 0.098 

6 Nickel (Ni) 1.0 (Max) 0.686 

7 Manganese (Mn) 0.5 (Max) 0.068 

8 Lead (Pb) 0.2 (Max) 0.019 

9 Tin (Sn) 0.1 (Max) 0.01 

10 Titanium (Ti) 0.2 (Max) 0.197 

11 Aluminium (Al) Remaining 83.352 

 
By comparing the reference value and experimental value, it 
can be concluded that the experimental values are in the 
range of standard reference values. The obtained material 
matches with Standard ASTM LM26 Aluminium alloy. These 
materials can be used for further research work.  
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6.2 Density of Composite: 

Density of Metal Matrix composite was calculated by 
using ‘rule of mixture’ method, and compared with measured 
calculation. The physical volume of the specimen is 
calculated by measuring diameter and length and final 
volume is calculated. The weight of the specimen is noted 
down in standard weighing machine. The ratios are noted 
down for different percentage of SiC reinforced Specimen. 
The following Table gives the Details of Density for 
increasing reinforcement percentage.   

Table 6.2: Comparison between theoretical density 
and calculated density   

% SiC 
Reinforcement 

Theoretical 
Density 

(g/cm3) 

Measured 
Density 

(g/cm3) 

% Error 

0% 2.6-2.7 2.75 -0.05 

2% 2.709 2.72 -0.011 

4% 2.717 2.71 0.007 

6% 2.726 2.713 0.013 

8% 2.734 2.731 0.003 

10% 2.743 2.735 0.008 

 
By comparing above density table, it can be observed that 
the theoretical calculated density by using “rule of mixture 
method” matches with the experimental calculated value. 
The error is vary minute which can be overlooked. 

6.3 Tensile Strength 

 

Fig: 6.1 Graph Showing Tensile strength at different 
levels of SiC % 

 

Fig 6.2 Graph Showing Yield Stress at different levels 
of SiC % 

The trio of graphs demonstrates how different 
reinforcement percentages influence a material’s mechanical 
characteristics—namely yield stress, tensile strength, and 
elongation. Yield stress and tensile strength both exhibit a 
progressive increase as reinforcement levels rise, reaching 
their highest values around 140.6 MPa at 6% and 152.8 MPa 
at 8% reinforcement. This indicates that reinforcing the 
material up to this level effectively boosts its tensile 
strength. 

However, at 10% reinforcement, both yield stress 
and tensile strength drop sharply, revealing a potential 
critical point where excess reinforcement may start to 
negatively affect the material’s structural performance. This 
is may be increased SiC reinforcement induced the 
brittleness to high level hence reduces the strength, also 
decreased level of matrix have limited the reinforcement 
wetting and reduced the bonding between matrix and 
reinforcement.   

 

Fig 6.3 Graph showing % of elongation at different 
levels of SiC % 

In contrast, the percentage of elongation, which 
reflects the material's ductility, exhibits an inverse pattern. It 
drops to its lowest point at 2% reinforcement (1.22%), then 
gradually increases again, reaching 1.66% at 10%. This 
indicates that small amounts of reinforcement reduce the 
material's ability to stretch before breaking, but higher levels 
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begin to restore some of that flexibility—though never quite 
returning to the original 1.76% at 0% reinforcement. These 
graphs collectively show that while reinforcement can 
greatly improve strength, it must be optimized to maintain a 
balance with ductility. 

6.4 Compression Strength 

 

Fig 6.4 Graph Showing Compression strength at 
different levels of SiC % 

The analysis reveals a clear relationship between 
reinforcement percentage and material performance. As the 
reinforcement content increases from 0% to 8%, the 
compression strength improves steadily, reaching a 
maximum of 515.1 MPa at 8%. This suggests that 
reinforcement up to this level significantly enhances the 
structural integrity of the material.  

 

Fig 6.5 Graph Showing CH travel at peak at different 
levels of SiC % 

However, a further increase to 10% results in a 
reduction in strength to 486 MPa, indicating a possible 
oversaturation that negatively impacts performance. In 
contrast, the CH travel value at peak, which measures 
deformation characteristics, shows no consistent trend. 
Although it slightly dips at 6%, it generally remains within a 
narrow range, suggesting that reinforcement has minimal 
influence on this property. These findings indicate that 8% 
reinforcement is optimal, balancing maximum strength 
without adversely affecting deformation behavior. 

 

 

6.5 Hardness Strength 

 

Fig 6.6 Graph Showing BHN at different levels of SiC % 

The data highlights the effect of varying 
reinforcement levels on Brinell Hardness Number (BHN). As 
reinforcement increases from 0% to 8%, BHN also rises, 
indicating an improvement in material hardness. The peak 
value of 108 BHN is observed at 8% reinforcement, 
suggesting this as the optimal level for enhancing hardness. 
However, beyond this point, at 10% reinforcement, BHN 
sharply drops to 101, the same as the unreinforced material. 
This decline implies that excessive reinforcement may 
disrupt the structural uniformity or hinder effective bonding, 
thereby reducing hardness. Overall, the findings underscore 
that moderate reinforcement significantly benefits hardness, 
with 8% offering the most favorable outcome. 

6.6 Microstructure analysis using optical microscope 

To study the microstructure of the specimen, the unused 
side of Brinnel Hardness specimen was taken. It was 
polished to have a mirror surface finish. The specimen 
surface was observed at two levels of resolution 100X and 
500X. for this purpose optical metallurgy microscope, Nikon 
Epiphote 200/Clemex Vision PE was used. The test was 
conducted at 24ᵒC as per ASM Metal Handbook Vol 9. The 
test was conducted at Raghavendra Spectro Metallurgical 
Lab, Peenya Industrial area, Bangaluru. 

Following are the Images obtained. 

  

100X Image, 0% SiC 
Reinforcement 

500X Image 0% SiC 
Reinforcement 

Fig 6.7 Optical image of 0% SiC/LM26 MMC at 
100Xand 500X 
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100X Image, 2% SiC 
Reinforcement 

500X Image 2% SiC 
Reinforcement 

Fig 6.8 Optical image of 2% SiC/LM26 MMC at 
100Xand 500X 

 

By comparing 100X and 500X 0% SiC reinforced LM26 Al 
Alloy, we can see that 0% have continues phase without any 
Silicon Carbide particles. Where in 2% SiC reinforced LM26 
the few particles visible at which are randomly distributed. 

Further 4% and 6% SiC Reinforcement shows that uniformly 
increasing and showing considerable enhancement in 
Mechanical Properties. The 100X and 500X resolution shows 
uniform distribution of SiC Particles.  

  

100X Image, 8% SiC 
Reinforcement 

500X Image 8% SiC 
Reinforcement 

Fig 6.9 Optical image of 8% SiC/LM26 MMC at 
100Xand 500X 

 

By observing 100X and 500X 8% SiC Reinforced LM26 Al 
Alloy, it can be noted that Reinforcing particles SiC are large 
in number Compared to 2% Reinforcement. And Sic Particles 
are uniformly distributed indicating maximum properties 
can be obtained at this level of reinforcement. It can also 
observed that the reinforcing particles are thoroughly wet 
and have a good bonding with matrix material. 

  

100X Image, 10% SiC 
Reinforcement 

500X Image 10% SiC 
Reinforcement 

Fig 6.10 Optical image of 10% SiC/LM26 MMC at 
100Xand 500X 

 

In 10% SiC Particles Reinforced LM26 Al Alloy, it can be seen 
that SiC particles are more and there is some deficiency od 
matrix materials which leads to some non-wetted SiC 
Particles. This leads close packing of Reinforcing particles 
and reduce mechanical properties.  

7. CONCLUSIONS 

In the present work, LM26 Al alloy reinforced with SiC 
particle (325 Grit size) was successfully done. For casting a 
specimen, a stir casted machine was used which stir the 
molten composition at 200rpm for 10 min before pouring it 
into steel mold. The Tensile, Compression and Hardness 
specimens were machined as per ASTM standard and was 
tested in a respective machine which were maintained as per 
NABL standards. Also to understand the microstructure the 
specimens were studied under microscope for 100X and 
500X. The results were obtained and tabulated. After this 
following conclusion were drawn. 

1. The tensile strength for no reinforcement has a value of 
97MPa, as the reinforcement increased at the steps of 
2%, tensile strength keeps increasing and reaches a value 
of 153MPa at 8% Sic. Which shows 58% enhancement in 
tensile strength. 

2. Yield Strength at 0% SiC, 89MPa, where at 8% SiC hac 
enhanced up to 141MPa which also enhances up to 58% 
in Yield strength. 

3. The compression strength at 0% SiC indicates 430MPa 
where as 8% SiC shows 515Mpa, Which Shows 20% Rise 
in Compression strength.  

4. The Brinnel hardness test results indicate at 0% SiC 
reinforcing shows an average value of 101, further at 8% 
SiC has increased the value to108. Which indicate 7% 
increased value.  

5. The micro structure study shows for 0% reinforcement, a 
continues phase of LM26 Alloy without much reflecting 
particles. The image shows eutectic silicon as dark, 
needle-like structure. The 8% SiC image shows Primary 
α-Phase aluminum rich matrix, with SiC particle 
nucleation during solidification. The dark surrounding 
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region indicates eutectic silicon. The Sic Particle appear 
as fine discrete particles. 
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