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ABSTRACT: Aluminum alloys are widely used in aerospace and automobile industries due 

to their low density and   good mechanical properties, better corrosion resistance and wear, 

low thermal coefficient of expansion as compared to conventional metals and alloys. The 

excellent mechanical properties of these materials and relatively low production cost make 

them a very attractive candidate for a variety of applications both from scientific and 

technological viewpoints The present investigation has been focused on the development of 

hybrid composite involving aluminum matrix(Al–4.5% Cu) reinforced with particulates of 

Zircon sand(ZrSiO4) added in 2%, 4%, 6%,and 8% by weight and Zircon sand along with 

Graphite particles with different weight percentage of(2+2)%, (4+2)%, (6+2)%, (8+2)% 

respectively were taken in to account for investigating considerable improvement in the 

Mechanical properties as Tensile, hardness and the obtained properties were correlated with 

the microstructure of the composites synthesized by Stir casting technique 
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INTRODUCTION: Metal-matrix composites (MMCs) are engineered combination of two or 

more materials (one of which is a metal), where tailored properties are achieved by systematic 

combinations of different constituents. Conventional monolithic materials have limitations in 

respect to achievable combinations of strength, stiffness and density .Engineered MMCs 

consisting of continuous or discontinuous fibers, whiskers, or particles in a metal to achieve 

combination of very high specific strength and specific modulus. The aim of designing the metal 

matrix composite materials is to combine the desirable properties of metal (high strength and 

ductility) and ceramics (high modulus and stiffness) in order to achieve the optimum mechanical 

properties, it is essential to achieve the uniform distribution of reinforcement within the matrix. 
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Aluminum, Silicon, Copper, Titanium, Magnesium, and Nickel metals are widely used for 

preparation of metal matrix in composites materials where as monofilaments, whiskers, fibers or 

particulate types are widely used as reinforcement phases in Metal Matrix Composites (MMCs).  

Now a days the particulate reinforced aluminum matrix composite are gaining importance 

because of their low cost with advantages like isotropic properties and the possibility of 

secondary processing facilitating fabrication of secondary components. Cast aluminum matrix 

particle reinforced composites have higher specific strength, specific modulus and good wear 

resistance as compared to unreinforced alloys. The excellent mechanical properties of these 

materials and the relatively low production cost make them very attractive for a variety of 

applications in automotive (engine pistons) and aerospace industries (airframe and aerospace 

components). Some of the Al matrix composites such as those reinforced with SiO2, B4C, 

Al2O3 or Sic are now commercially available in a variety of structural forms. Amongst the 

various aluminum-ceramic combinations limited studies are done on aluminum–zircon 

composite as zircon is not readily wetted by liquid aluminum and there is a significant difference 

between their density values. 

               However, wetting characteristics of the liquid metal with the solid surface may quickly 

be altered by an appropriate alloying element addition. Despite having disadvantages in 

synthesizing aluminum-zircon composites, zircon was found to be a promising candidate due to 

its high hardness, high modulus of elasticity and excellent thermal stability. Excellent thermal 

stability is important since fabrication processes undergo enormous changes in temperature and 

large volumetric changes due to phase transformation can cause de-bonding at the interfaces and 

graphite which has a good lubricating property. The present investigation, an attempt is made to 

develop the hybrid composite involving aluminum matrix reinforced with particulates of zircon 

sand and graphite (produced by stir casting technique), the cast composites were tested for 

hardness property, tensile property and microstructure. 

 

 There are many processing techniques which have been developed for fabricating Metal Matrix 

Composites (MMCs). Such techniques are Powder Metallurgy (PM), liquid metal infiltration, 

compo casting, and squeeze casting method, stir casting and spray decomposition method.  

 Among the fabrication techniques of MMC, stir casting (for particulate or discontinuous 

reinforced MMCs) is generally preferred. Its advantages lie in its simplicity, flexibility and 

applicability to large quantity of production. It is also attractive because of minimized final cost 

of the product. In the stir casting method, there are several factors that need considerable 

attention, including the difficulty of achieving a uniform distribution of the reinforcement. 

During these conventional processes, the major difficulties are improper wetting due to oxidation 

which exhibit interface binding between matrix and ceramic phases. Improved wetting must be 

achieved to obtain a good bond between the matrix and reinforcement. Other limitations are the 

distributions of reinforcement, interfacial reaction between the metal matrix and reinforcement, and control of 

volume fraction shape and size of reinforcement, often encountered during the fabrication of Metal Matrix 

Composites (MMCs). 

MATERIALS USED: The experimental materials used in this study are: high purity Aluminum, 

4.5%wt copper powder as base material, zircon sand with average particle size of 15µm and 

Graphite of 35µm as reinforcement materials. 

 

Matrix Material 

The base matrix chosen is the aluminum with 4.5%wt copper. 
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Aluminum 

Aluminum is the commonest metal in Earth's crust, the third most plentiful chemical element on 

our planet (only oxygen and silicon exist in greater quantity), and the second most popular metal 

for making things (after iron/steel). Aluminum is soft, lightweight, fire-proof and heat-resistant, 

easy to work into new shapes, and able to conduct electricity. It reflects light and heat very 

effectively and it doesn't rust. It reacts easily with other chemical elements, especially oxygen, 

and readily forms an outer layer of aluminum oxide if you leave it in the air. 

Pure aluminum is very soft. If we want to make something stronger but still lightweight, hard-

wearing, and able to survive the high temperatures in an airplane or car engine, we mix 

aluminum and copper. 

Table 1.Chemical compositions of commercial aluminum ingot 
 

Effect of Cu addition:  
Copper effect the strength and hardness of aluminum casting alloys, both heat treated and not 

heat treated and at both ambient and elevated service temperature. It also improve the 

machinability of alloys by increasing matrix hardness, On the down side, copper generally it 

reduces the corrosion resistance of aluminum and in certain alloys and tempers, it increase stress 

corrosion susceptibility. Copper in the range of 0.2-4.5wt% has been used in molten aluminum 

and cast at different solidification condition (sand, graphite, copper and cast iron molds). It has 

been found that Ultimate tensile strength of the alloys is increased. UTS increase because of 

precipitation of copper bearing phase in the inter-dendrite space cause by increasing copper. As a 

result it has high strength to weight ratio, good formability, age harden ability and other 

appropriate properties. It is used in consumer products and military applications. The aircraft and 

aerospace industry uses aluminum alloys because it is much lighter than steel and every kilogram 

of weight reduction results in greater fuel savings and higher payloads. 

 

Reinforcing Materials: 

 Zircon Sand (Zrsio4) 

Zircon Sand consists of mostly Zirconium Silicate (ZrSiO4) and some hafnium in addition to 

some rare earth elements, titanium minerals, monazite, etc. Table (2) shows the chemical 

composition of zircon sand particles (wt %). The Zircon Sand is used for facing on foundry 

moulds to increase the resistance against metal penetration. Zircon Sand was found to be a 

promising candidate as reinforcement material for aluminum, zinc, and lead based composites. 

Zircon Sand deposits have been found in abundance near Indian coastal regions of Kerala, Tamil 

Nadu, and Orissa. Zircon was found to be a promising candidate due to its high hardness, high 

modulus of elasticity and excellent thermal stability. Excellent thermal stability is important 

since fabrication processes undergo enormous changes in temperature and large volumetric 
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changes due to phase transformation can cause deboning at the interfaces. This has made it a 

good reinforce for the production of MMCs for engineering applications. 

 

 
     Table 2. Chemical compositions of Zircon Sand 

 

Graphite 

Graphite is an excellent conductor of heat and electricity. It is stable over a wide range of 

temperatures. In graphite, the carbon atoms are arranged in flat planes of hexagonal rings stacked 

on one another. Each carbon atom is attached to three others on the same plane. Thus, only three 

out of four valence electrons are used in carbon-carbon bonding. The fourth valence electron 

remains loosely between the planes. This free electron accounts for the electrical conductivity of 

graphite. The lack of carbon-carbon bonding between adjacent planes enables them to slide over 

each other making graphite soft, slippery and useful as a lubricant. 

The most important graphite properties: High thermal resistance, Low friction and self-

lubrication, High electrical conductivity, High thermal conductivity  

 

EXPERIMENTAL PROCEDURE 

The MMCs composites produced as Al-4.5%cu base matrix subjected to reinforcement (Zircon 

and Graphite) has been highlighted under the following headings.  

 Preparation of Composites  

 Equipment 

 Melting and casting  

Preparation of Composites  

The experimental materials used in this study are: high purity aluminum, hardener ,with 4.5%cu 

powder as base matrix, zircon sand with average particle size of 15µm and Graphite of size 

35µm as Reinforcement materials, hexachloroethane (C2Cl6)and Scum powder. 

Equipment 

The equipment used stair castings are electrical induction furnace, mechanical stirrer, crucible, 

analytical balance and a casting die. 

Melting and casting (Specimen preparation) The raw materials used for the present study for the 

preparation of the metal matrix was commercial available Aluminum ingot (97.95% pure) and 

Copper (99.98% pure).The chemical composition of commercial Aluminum ingot is shown in 

Table 1.  The Aluminum metal matrix composite material has been prepared by stir casting 

method in an induction furnace  
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Stir Casting Method of Fabrication of MMC 

Stir Casting is a liquid state method of composite materials fabrication, in which a dispersed 

phase (ceramic particles, short fibers) is mixed with a molten matrix metal by means of 

mechanical stirring as shown in figure. The liquid composite material is then cast by 

conventional casting methods and may also be processed by conventional Metal forming 

technologies. The samples were produced by keeping the percentage of copper, aluminum 

constant. High purity Aluminum free from contamination was charged in a graphite crucible kept 

in an electrical resistance furnace. At the beginning of melting of pure aluminum, the furnace 

temperature was raised to 750 ◦C. and 4.5% copper was introduced into the molten pure 

aluminum using hardener (50%Al–50%Cu). The reason was to facilitate easy melting of the 

charged copper. With progressive melting the furnace temperature was raised to 800 ◦C. 

Impurities from the Aluminum melt or dross was then removed from the surface of molten metal. 

The melts were degassed by using hexachloroethane (C2Cl6) at 750°C for removing dissolved 

hydrogen gas and Scum powder was used as slag removing agents. The addition of zircon sand 

and graphite will be added on the percentage weight of the aluminum alloy. The mixture starts 

from 2% by weight and will go on up to 8% by weight, with the increment of 2% per trial. First 

Zircon sand is varied till 8% without addition of graphite and again Zircon sand is varied with 

Graphite as constant 2% by weight. ZrSiO4 particulate of particle size in the range of 2–15µm 

and graphite of size of 35µm was pre heated to a temperature of 200 ◦C so as to ensure good 

interfacial bonding between the alloy matrix and the reinforcement. Then, the molten aluminum 

alloy is mixed with the preheated Zircon sand and graphite the mixture is stirred thoroughly with 

a mechanical stirrer for 3-5 min in a maneuvering way to ensure the complete insertion of 

particles. In the final stirring stage the furnace temperature was controlled between 760 and 780 

◦C and pouring was controlled to a temperature of about 750 ◦C. Slag’s and oxides are removed 

before pouring. The molten metal is poured into preheated finger mould die 

 

TESTING OF COMPOSITES: 

Tensile test 

The ability of a material to withstand a static load can be determined by testing the material in 

tension or compression. Mechanical testing plays an important role in evaluating the 

fundamental properties of engineering materials as well as in developing new composite 

materials and to control the quality of materials used in design and construction. In this work the 

tensile test is carried out using a universal testing machine. The specimen is prepared as per 

ASTM E8-08 standards. 

 Hardness test 
The hardness test measures the resistance of a solid to permanent shape change when a force is 

applied. Brinell hardness test is carried out in this work to find out the deformation of the 

composite under constant compressive load from an object which is sharp. 

Micro structure test  
Microstructure will help in characterization of composition structure and properties of the 

material. These specimens were cut, polished and etched by an etchant commercially available 

The micro structure observation was made using a metallurgical microscope and photograph 

have taken and recorded. 
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RESULTS & DISCUSSION: 

Tensile test 

 

 
 

Fig.1variation of tensile strength by varying %Zr with and without2% graphite 

 

 
 

Fig.2 variation of yield strength by varying %Zr with and without2% graphite 
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Fig.3 variation of % of elongation by varying %Zr with and without2% graphite 

 

 

 

Hardness testing 

 
                                                  

                   Fig.4 variation of hardness by varying %Zr with and without2% graphite 
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Micro Structure 

PHOTOMICROGRAPH OF SAMPLE: AL +4.5% CU 
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PHOTOMICROGRAPH OF SAMPLE: AL +4.5% CU+2% Zr sand 
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PHOTOMICROGRAPH OF SAMPLE:AL +4.5% CU+4% Zr Sand 
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PHOTOMICROGRAPH OF SAMPLE:AL +4.5% CU+6% Zr Sand 
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PHOTOMICROGRAPH OF SAMPLE: AL +4.5% CU+8% Zr Sand 
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PHOTOMICROGRAPH OF SAMPLE:AL +4.5% CU+2% Zr Sand+2%graphite  
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PHOTOMICROGRAPH OF SAMPLE:AL +4.5% CU+4% Zr Sand+2%graphite 
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PHOTOMICROGRAPH OF SAMPLE:AL +4.5%CU+8%ZrSand+2%Graphite 
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                                            Fig5 photomicrographs of different casting samples 

 CONCLUSIONS 

1. Al-4.5%wtCu, Al-4.5%wtCu rein forced with zircon sand (2%wt to 8%wt in range of 2%) 

with and without 2%wt graphite castings were prepared successfully. 

2. It has been found that and also appreciated from the graph the base cast alloy posses lesser 

tensile strength than that of its Zircon reinforced composites. It is evident from the sketches the 

percentage reinforcement content increased in the base alloy there is an increase in the tensile 

strength of this composite.It also shows that Graphite when added with Varrying Percentage of 

Zr decreases  the tensile strength of the composite(Al-4.5%cu+ Zr +Graphite) when compared 

with composite Renforced with Zircon Sand alone.Variation is almost linear when Constant 2% 

by wt of Graphite is added 

3. The hardness value increases as the percentage of ZrSiO4 addition increases in the alloy with 

2%wt graphite as shown in fig. This is due to high proportion of the hard and brittle phase of the 

zircon sand in the alloy. The zircon sand addition to the matrix alloy results to elastic and plastic 

incompatibility due to differences in the coefficient of thermal expansion in the hard reinforcing 
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and soft matrix alloy, which causes high dislocation density. The high dislocation density also 

contributed to high hardness value 

4. Micro structure photographs for all samples shows of fine intermetallic precipitates in a matrix 

of Aluminum solid solution.  Eutectic melting is not seen.  Segregation or porosity was not seen 

in the section.  Refinement is also seen. 
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