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Abstract
The various parameters affecting the uniform distribution of ceramic particles in Al metal matrix composites are studied and analyzed during stir casting. Wettability between ceramic particles and Al matrix plays the major role for the uniform dispersion of particles. Good Wettability is the indication of uniform dispersion particles. Composites with uniformly distributed particles shows enhanced mechanical properties. Experimental results show that when particle size reduces clustering is the major problem. Optical and Scanning Electron Microscopic images are studied to measure the uniform distribution of particles. This paper attempts to analyze the effect of stirring speed, stirring time, and solidification time and stirrer type on the distribution of particles in cast MMC.
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1. Introduction
Composite materials are continuously displacing traditional engineering materials because of their advantage of high stiffness and strength over homogenous material formulations. Composite material is a material having two phases are matrix phase and dispersed phase. Matrix is more ductile and less hard phase .The dispersed (reinforcing) phase usually stronger than the matrix phase.  It has two major classification systems of composite materials. One of them based on the matrix material (MMC, CMC) and second is based on material structure. 
Here Metal matrix composites have received much research interests due to their excellent mechanical and thermal properties compared with the conventional materials. By suitable arrangement of metal matrix and ceramic addition, it is possible to obtain desired properties for a particular application. Therefore, the metal matrix composites are extensively used in several industrial areas such as there are very limited studies that exist for investigating reasons of the particle clustering. Experimental findings of Llyod indicated that damage in the composite initiates at the particle-clustered regions.
2. Processing of MMC’s
 2.1 Solid state fabrication of MMC
Solid state fabrication of MMC is the process, in which metal matrix composites are formed as a result of bonding matrix metal and dispersed phase due to mutual diffusion occurring between them in solid states at elevated temperature and under pressure.
2.2 Liquid state fabrication of MMC
Liquid state fabrication of metal matrix composites involves incorporation of dispersed phase into a molten matrix metal, followed by its solidification. In order to provide high level of mechanical properties of the composite, good interfacial bonding (wetting) between the dispersed phase and the liquid matrix should be obtained. Stir casting is one of the most efficient method, since we have so many methods to form MMC in liquid state.
3. Stir Casting of MMC’S
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. Stir Casting is the simplest and the most cost effective method of liquid state fabrication.
3.1Experimental procedure for Al-SiC
Two SiC particulate reinforced composites were produced by gravity casting. The matrix alloys of the composites were A356and 6061 respectively. They are both aluminium alloys but differ greatly in amount of Si, as shown in Table 1. The matrix alloys were reinforced by nominally the same SiC particles, which were 25 IlJn in size and had an aspect ratio of 1.8. Main features of the particles used are summarized in Table 2. Scraps of alloy A356 or 6061 were preheated at 450°C for 3 to 4 hours before melting, and before mixing the SiC particles were preheated at 1100 °c for 1 to 3hours to make their surfaces oxidized.

Table 1 Nominal chemical composition of matrix alloys studied (in wt. %)      

	Matrix Alloy
	Si
	Fe
	Cu
	Mn
	Mg
	Zn
	Ti
	Balance

	A3536
	6.5-7.5
	0.20
	0.20.
	0.10
	0.25-0.45
	0.10
	0.20
	Al

	6061
	0.4-0.8
	0.70
	0.15-0.4
	0.15
	0.8-1.2
	0.25
	0.15
	Al


Table 2 The two composites produced and the main features of the SiC particles used in casting
	Matrix Alloy
	Reinforcement
	Volume Fraction (%)
	Average Particle Size (10^-6 m)
	Aspect Ratio
	Interparticle Distance 
(10^-6 m) 

	A3536
	SiC
	10.8
	25
	1.8:1
	76

	6061
	SiC
	20.6
	25
	1.8:1
	55


The furnace temperature was first raised above the liquidus to melt the alloy scraps completely and was then cooled down just below the liquidus to keep the slurry in a semi-solid state. At this stage the preheated SiC particles were added and mixed manually. Manual mixing was used because it was very difficult to mix using automatic device when the alloy was in a semi-solid state. 
After sufficient manual mixing was done, the composite slurry was re-heated to a fully liquid state, and then automatic mechanical mixing was carried out for about 20 minutes at an average stirring rate of 150-200 rpm. In the final mixing processes, the furnace temperature was controlled to be within 730±1O °c. The pouring temperature was controlled to be around 720 °c. A preheated permanent steel mould with diameters in the range of 10 mm to 18 mm was used to prepare cast bars. The preheating temperature for the mould was either 50°C for fast cooling or 350°C for slower cooling. Metallographic samples were sectioned from the cast bars and were prepared using a technique specially developed for such composites. A 0.5% HF solution was used to etch the samples wherever required.

 3.2 Microstructure

          The microstructure of extruded powder mixtures as observed in the scanning electron microscope is shown in Figure 4. This is a typical distribution of 10 vol% Sic particles inside the extruded powder as obtained with most of the experiments. The distribution is quite homogeneous and the difference in particle distributions in longitudinal and transverse specimen orientation is only minor, which is an indication for a good mixture of Sic and AlFe powders. Homogeneity of particle distribution decreases with particle size, because at a given volume fraction the number of particles increases with decreasing particle size. The microstructures are sufficiently homogeneous at the smallest particle sizes and at the highest volume fractions. The uniform flow of the hard matrix with intermetallic phases around the SIC particles is clearly visible. Because of the hard matrix, cracking of Sic particles is often observed that happened during extrusion. Since these cracks are not filled by matrix material, the density of the composite is lower than expected from the volume content of particles. Mechanical properties that depend on this parameter such as the elastic modulus are also affected.
               Fracture of Sic particles is also demonstrated in the transmission electron micrograph in Fig.3.2. This effect is likely to reduce a number of mechanical properties that depend on particle distribution or are affected by void formation and internal defects. Processing conditions have to be optimized in order to reduce cracking during extrusion. 
One of the possibilities is the use of smaller SIC particles that do not as easily fracture during extrusion. For all particle sizes and both volume fractions, distribution of Sic in the extruded material was sufficiently homogeneous. Sic particle sizes were all smaller than the alloy powder particle size. However, there was no optimum size regarding the distribution of Sic in the extruded material. Since larger Sic particles fracture more frequently during extrusion than smaller particles, there was an indirect effect on particle distribution with particle size.
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Fig.3.1
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Fig. 3.2

3.3Effects of particle volume fraction, particle size and powder mixing on mechanical properties
  The average increase in yield strength and elastic modulus by the addition of 10 and 15 vol% F800. Yield strength increase is pronounced at higher particle volumes, the elastic modulus increases nearly linearly. Strength increase is attributed to changes in the matrix microstructure due to material flow and possibly work hardening during extrusion. The gain in elastic properties is slightly smaller than expected from the rule of mixture which is explained by the reduced density of the composite due to void formation in the vicinity of fractured Sic particles. Particle reinforcement is maintained at elevated temperatures, but the amount of strength increase is reduced at higher temperatures. In fig 3.3 the loss in ductility over the matrix alloy caused by the SIC particle dispersion increases with temperature. A minimum at intermediate temperatures in this alloy is due to surface effects of alloy powder and to the precipitation of an AlFe phase at approximately150°C. There were no or very small effects observed that could have been attributed to differences in particle sizes. In accordance with the composite microstructure, mechanical properties, too, did not show significant variations with particle size at a given particle volume fraction. It appears that the particle size range in this investigation was not sufficient to produce any appreciable effect on mechanical properties
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                                                                                                          Al (25m) - SiC (10m)                     Al (180mm) - SiC (10mm)                                 Fig3.3: Photomicrographs of some samples for 20 vol.% SiC (the dark particles represent SiC).
4. Conclusion
A new approach of fabricating cast aluminium matrix composite by using the stir casting method has proved to be successful. Placing all substance together for melting is experimentally a very convenient process. During the initial stage of heating, any moisture in the ceramic particles and the matrix materials is burn off and thus reduces the level of porosity. This advantage cannot be achieved by other methods in which the ceramic particles are introduced into the molten matrix material from the top. 
Microstructural observation suggests that the stirring action of the slurry produces cast MMC with smaller grain size compared to unstirred one. Stirring in a semi-solid condition breaks the dendrite structure into a small chill-type structure. The conditions of ceramic particle coupled with the smaller grain size are the factors that strengthen the alloy matrix.
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