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Abstract — In automobile and aerospace industries Aluminium 

alloys are widely used because they are having low density and 

good mechanical properties, wear and better corrosion 

resistance, low thermal coefficient of expansion as compared to 

conventional metals and alloys. The mechanical properties of 

these materials and relatively low production cost make them a 

very attractive for several applications both from technological 

and scientific viewpoints. The point involved in designing metal 

matrix composite materials is to combine the desirable attributes 

of metals and Ceramics. Present work is focused on the study of 

mechanical behaviour of Aluminium Cast Alloy (A356) with 

Al2O3 composite produced by the stir casting technique. 

Different percentage of reinforcement is used. Tensile test, 

Impact test and wear test performed on the samples obtained by 

the stir casting process. Optical microscope analysis was 

performed to know the presence of the phases of reinforced 

material. 

Key words: Stir casting, Alloy A356, Al2O3, MMc's, Composites, 

Mechanical Property. 

I.  INTRODUCTION 

here have been tremendous strides in engineering 

materials since 1950s. Several super alloys and heat 

resistance materials have been developed for various 

industrial applications, especially aerospace/aircraft and 

defense. Automotive, medical and sport equipment industries 

pushed advances in materials further to introduce new 

generation materials particularly having low density and very 

light weight with high strength, hardness and stiffness. One of 

the important of these advanced materials is composites. 

 Composite materials are important engineering 

materials due to their outstanding mechanical properties. 

Metal matrix composite (MMC) materials are one of the 

widely known composites because of their superior properties 

such as high strength, hardness, stiffness, wear and corrosion 

resistances. Silicon carbide and Alumina particle reinforced 

aluminium-based MMCs are among the most common MMC 

and commercially available ones due to their economical 

production. Aluminium alloys are extensively used as 

industrial materials because of their excellent characteristics 

such as low density, high specific strength and thermal 

conductivity.  

Aluminium alloy, which has the highest tensile strength 

compared to other alloys, is used as structural components in 

aircrafts, automotives, and hobby goods. More excellent 

mechanical properties are strongly required for further 

applications.  

 Aluminium oxide commonly referred to as Alumina, 

possess strong ionic inter atominc bonding giving rise to its 

desirable material characteristics. It can exists in several 

crystalline phase which all revert to the most stable hexagonal 

alpha phase at elevated temperatures. Alpha phase alumina is 

strongest and stiffest among the oxide ceramics. Its high 

hardness, excellent dielectric properties, refractoriness and 

good thermal properties make it the material of choice for a 

wide range of applications.  

 An economical way of producing metal matrix 

composite is the incorporation of the particles into the liquid 

metal and casting. In cast aluminium alloy based composites, 

a moderate improvement in strength over the un reinforced 

alloy is obtained. On the other hand when particulate 

reinforcement is added to improve stiffness, strength and 

tribological properties, a substantial decrease in ductility is 

observed. Inferior ductility of these materials limits their 

performance and application. The ductility is affected by 

various factors such as the matrix micro structure, 

heterogeneous reinforcement distribution, porosity content 

and the strength of the interfacial bond between the matrix 

and the reinforcement. 

 Studies on Mechanical behaviour of particle 

reinforced metal matrix composites. Metal matrix composites 

provide significantly enhanced properties like higher strength, 

stiffness and weight savings in comparison to conventional 

monolithic materials. Particle reinforced MMCs are attractive 

due to their cost-effectiveness, isotropic properties, and their 

ability to be processed using similar technology used for 

monolithic materials. 

 Al2O3 and SiC having 20 wt%, 25 wt%, 30 wt% and 

35wt% of powdered particulate were fabricated stir cast 

method. The composite specimens were machined as per test 

standards. The specimens were tested to know the common 

casting defects using image analyzer. Some of the mechanical 

properties have been evaluated and compared with Al6061 

alloy. Significant improvement in uniform distribution of 

particulates is noticeable as the wt % of the flake particles 

increases. It has been observed that addition of flake particles 

significantly improves particulate distribution. Addition of 

Al2O3 and SiC particles significantly improves ultimate 

tensile strength of Al6061, when compared with that of 

T 
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unreinforced matrix, the ultimate tensile strength of Al2O3 and 

SiC composite is increased by 36.71%. 

II. EXPERIMENTAL DETAILS 

2.1. Work Material Details: The details of the material 

selected for present investigation are as discussed below. 

Aluminum (A356) based metal matrix composite reinforced 

with alumina particles of 23µm is been selected for the 

present study. The reinforcement is done with a volume 

fraction of 3%, 6% and 9%. The composition of A356 mmc is 

given in detail in the table2.1. 

TABLE 2.1 COMPOSITION OF WORK MATERIAL 

Elements Percentage 

Al 91.1-93.3 

Cu <=0.2 

Iron <=0.2 

Mg 0.25-0.45 

Mn <=0.1 

Other each <0.05 

Silicon 6.5-7.5 

Titanium <=0.2 

Zinc <=0.1 

2.2 Processing Details: The casting unit consists of a graphite 

crucible of about 5 kg capacities, which is heated by electrical 

resistance type heating coils. The temperature level of the 

heating unit is controlled by thermocouple activated 

controlling unit. Duration of heating is determined based on 

the quantity of material to be melted. The furnace used in the 

present work is of bottom pouring type, which is regulated 

using a valve operated from the bottom. A motor operated 

stirrer is provided at the top, for mixing the particulate 

reinforcement with the molten metal. The mechanical stirrer 

used for stirring the molten alloy during fabrication of 

composites is made of steel blades coated with Alumina 

powder and sodium silicate mixture to withstand high 

temperature and to avoid iron pickup by the melt. 

Arrangement is made at the bottom of the crucible for exact 

positioning of the mould below the valve as shown in 

Figure2.1.     

 

FIGURE 2.1: ELECTRICAL HEATING FURNACE 

Procedure to Fabricate Composites:  

 Cleaned A356 ingot of required quantity is placed in 

the melting crucible. Then furnace top is closed by 

refractory material and heater is switched on and set 

to the required temperature (800
0
C). Heating is 

continued for about 3 hrs 

 The 3% by weight, Al2O3 Reinforcement particulates 

are then heated to 300
0
C for about 30 minutes in 

another closed furnace.[7] 

 Slag remover is added to the molten metal to remove 

the slag. 

 Chlorine based solid degassing tablet 

hexachloroethane – C2Cl6 Tablet is added to remove 

gasses entrapped during melting and Magnesium of 

about 0.3% is added to the melt to improve the 

wettability. 

 Stirrer is immersed up to ¾ height of the molten 

metal and started stirring action and at the same time 

Al2O3 powder is added slowly and stirring action is 

carried up to 4 minutes. 

 After stirring, the molten composite metal is poured 

into pre heated mould (400
0
C) by opening the bottom 

valve of the furnace. 

 After allowing the mould to cool at room 

temperature, the cast material is taken out, by 

opening the mould halves. 

 Same Procedure was repeated for 6% and 9% 

reinforcement also. 

III. RESULTS AND DISCUSSIONS 

3.1 Impact Test Results 

The Charpy impact test, also known as the Charpy V-notch 

test is a standardized high strain rate test which determines the 

amount of energy absorbed by a material during fracture. This 

absorbed energy is a measure of a given materials toughness. 

Impact properties are not directly used in fracture mechanics 

calculations, but the economical impact tests continue to be 

used as a quality control method to notch sensitivity and for 

comparing the relative toughness of the engineering materials. 

Table 3.1: Results of Impact Test 

Sl. 

No 
Composites 

Trial 
Average 

Force 

Nm 
1 2 3 4 5 

Total 

Force  

Nm 

1 

Aluminium 

Alloy 

(A356) 

6.2 5.9 6.0 5.8 6.1 30.1 6.02 

2 
A356+3% 

Al2O3 
6.6 6.4 6.6 6.3 6.4 32.3 6.46 

3 
A356+6% 

Al2O3 
8.2 8.0 8.3 8.2 8.1 40.8 8.16 

4 
A356+9% 

Al2O3 
10.2 9.8 10.1 10.2 10 50.3 10.06 
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Figure 3.1: Comparision of Impact Load v/s Weight percentage of 
Reninforcement 

Figure 3.1 indicates that, as the weight percentage of 

reinforcement increases the impact load (strength) of the cast 

mmc also increases with respect to the base metal. This is due 

to the strong interficial bonding and uniform distribution of 

reinforcement with the matrix material. 

3.2 Hardness Test 

It is the property of the material to resist indentation, 

scratching, abrasion and machining. The Rockwell Hardness 

number is obtained by applying load of 100 Kg for 30-60sec 

with ball indenter of 1.58mm diameter on flat composite 

specimens. 

Procedure to find RHN of composite specimens 

1. Flatten two faces of composite specimens whose 

hardness is to be found. 

2. Cleaned the flat surface to remove any scale, rust, 

oil. 

3. The load is applied on the composite and RHN 

values are noted obtained from the display unit. In 

display unit C-scale is referred for RHN value (C-

scale is used for non-ferrous materials and B-scale is 

used for ferrous materials). 

 It is observed from the results that there is an 

increasing trend in the hardness values of the composites. 

The increase in hardness can be attributed to the uniform 

distribution of Aluminas particulate reinforcement in A356 

matrix, forming strong interfacial bond between the matrix 

and the reinforcement.  

 

Figure 3.2: Rockwell Hardness v/s Weight percentage of Reinforcement 

3.3 Tensile Strength Test 

Tensile tests were used to access the mechanical behaviour of 

the composites and matrix alloy. The tensile test specimens 

are prepared as per the ASTM B557 standard as shown in the 

figure 2.2. 

 

Figure 3.3: Tensile Specimen 

Table 3.2: Results of Tensile Test 

Composite 

Yield 

Strength 

N/mm2 

UTS 

N/mm2 
Elongation % 

Aluminium Alloy 
(A356) 

68 183 9 

A356+3%Al2o3 78 194 8.1 

A356+6%Al2o3 88 201 6.5 

A356+9%Al2o3 105 241 4.2 
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Figure 3.4: Yield Strength V/s Weight Percent of Reinforcement 

Figure 3.4 indicates that as the reinforcement increases the 

ultimate tensile strength also increases which is due to the 

dispersion of alumina which create endurance to dislocation 

motion. 

 

Figure 3.6: Percentage of Elongation V/s Weight Percent of Reinforcement 

Figure 3.6 Predicts that the Percentage of Elongation 

decreases with respect to the increase in the weight percent of 

reinforcement. This is due to the decrease in the ductility 

caused by the increase in Tensile strength of the composites. 

IV. CONCLUSION 

The conclusions drawn from the present investigations are as 

follows: 

1. Reinforced composites are clearly superior to that of 

base alloy (A356) interms of tensile strength, Impact 

strength and hardness. 

2. Its found that the elongation tends to decrease with 

increasing weight percentage of reinforcement which 

confirms that addition of alumina particles increases 

the brittleness. 

3. Ultimate tensile strength and yield strength tend to 

increase with increase in weight percentage of 

Alumina in the matrix. 

4. Hardness is increased after addition of reinforcement 

material. 

5. Impact strength also increased by adding 

reinforcement material. 
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