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Microstructure of Al18SiCuMg alloy produced by rheocasting process
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MICROSTRUCTURE OF AlSi18CuMg  ALLOY PRODUCED BY RHEOCASTING PROCESS
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, Marina Dojčinović
 
Summary: In this study the solidification behaviour of AlSi18CuMg-alloy produced by rheocasting process was investigated. The structure of the rheocast samples was examined using optical and scanning electron microscopy. In this paper the relation between fraction of solid and size of the primary Si particles was also investigated. The metallography of the rheocast sample showed that the Si particles were uniformly distributed throughout the matrix at 0.3 fraction of solid. An increase in size of primary Si particles especially for 0.5 fraction of solid was noticed.The optimum size of primary Si particles was found at low fraction of solid.
Key words: Al-Si alloy, rheocasting, solidification microstructure, fraction of solid
1. INTRODUCTION 
Al - Si alloys are widely used due to unique combination of mechanical, wear, corrosion and other properties [1]. Aluminium alloys are often used for a range of applications such as liner-less engine blocks, cylinder liners, pistons and pumps due to their low coefficient of thermal expansion and high specific strength as well as high wear resistance [2]. However, all of the aforementioned properties of hypereutectic Al-Si alloys depend on the characteristics of their cast microstructures. The properties of AlSi18CuMg alloy can be improved by changes in the morphology, size and distribution of both the eutectic and primary silicon particles  of the alloy [3].
Chemical modification is a common route to achieving these improvements. It is well known that the same chemical modifiers are not commonly used for both purposes.Experimental investigations show that sodium and strontium can change the morphology of the eutectic silicon particles from a flake or needle-like to a fibrous structure [4-6].
It is well known that the addition of phosphorus leads to the modification of primary silicon. Some researchers proposed of physically methods for the refinement of cast microstructure. These previous studies include mechanical and electromagnetic stirring, mechanical and electromagnetic vibration, semi-solid processing and intensive melt shearing [7-9]. The rheocasting process has significant advantages over other methods for casting of AlSi alloys. During rheocasting, intensive mechanical mixing of the cooling melt leads to the formation of non-dendritic structure [10]. Rheocasting technique offers the excellent possibility to obtain these materials which have better structure and morphology. 
This study experimentally estimated the effects of rheocasting technique on the microstructures of hypereutectic AlSi18CuMg alloy. 
2. EXPERIMENTAL  

The material used in this work was a aluminum alloy AlSi18CuMg (18 Si, 0.8-1.5 Cu, 0.8-1.3 Mg, 0.8-1.3 Ni, 0.7 Fe, 0.2 Zn, 0.2 Mn, and Al (balance)).

In this study, rheocast samples were produced by melting matrix AlSi18CuMg alloy and mixing. For this purpose, matrix alloy was heated to 80°C above its liquidus temperature (700°C) and then cooled to 620°C, where mechanical stirring at 500 r/min was started. Mechanical stirring was performed within the temperature range of 570°C to 559°C. When the semi-solid mixture reached to 570°C, 565°C,559°C corresponding to 0.3; 0.4; 0.5 solid fraction, the melt was poured into a metallic mold. 
Temperature data was recorded using type K thermocouples. Metallographic samples were prepared by sectioning transversely at a level 20 mm from the bottom of crucible.  On this way the microstructure changes were corresponded temperatures recorded by the thermocouple.The microstructures were examined by a Carl Zeiss optical (OM) microscope equipped with image quantitative analysis system and JEOL JSM - 5800 scanning electron microscopy (SEM) with energy dispersive X - ray (EDX). The particles size, solid fraction of the primary (Si ) and  (Al) were measured. 
The equivalent diameter is defined as the diameter of a circle having the same area as Si and - Al particles, measured by means of an image analysis program. Three measurements were taken from each sample.The equivalent diameter is calculated as follows:
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The average Vickers hardness (of four points) was measured with a universal hardness tester under 5 N loads. 
3. RESULTS AND DISCUSSION

In this study, the effects of applied shear rate (during mixing) on the cast microstructure of AlSi18CuMg were investigated. This involved application of a stirring speed of about 500 r/min during solidification of melt. 

The microstructure of the AlSi18CuMg alloy produced by rheocasting process is non-dendritic because of shear force action during the mixing of the semi-solid melt.
Representative microstructures of Si particles distribution in the rheocast samples obtained at different fraction of solid are given in Figs.1(a-c). 
It is clear that processing parameters affect on the primary Si size and changes its distribution. As is shown in Figs.1(a,b) primary Si in rheocast samples becomes relatively finer for fraction of solid lower than 0.5. By increasing fraction of solid, silicon particles breakup to small pieces after that followed agglomeration these pieces to form clusters Fig. 1c.
Optical microstructures of - Al particles distribution were also provided        Figs. 1(a-c). In this case of mechanical stirring, the rheocast microstructures are the result of a combination between the rapid solidification and the fragmentation of the dendrites in semi-solid state. 
The micrograph Fig.1a shows that a mixture of globular and dendritic particles of - Al is dispersed in the microstructure. 
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Fig.1 Representative micrographs of samples at different  fraction of solid                  (a) 0.3 ; (b) 0.4; (c) 0.5
Figs. 1 (b,c) show that the stirring of the melt changed the morphology of the  - Al in the AlSi18CuMg from dendrite into globular after a certain time. 
Figs. 2 (a,b) show the effect of fraction of solid on the average Si and - Al particle size. As shown in Fig. 2b with increase of fraction of solid, coarsening of primary silicon particles occurs, which could be due to agglomeration and sintering of these particles to form clusters.
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Fig.2 Effect of fraction of solid on size of a) α - Al particles, b) Si particles
The optimum fraction of solid to obtain optimum microstructure for present AlSi18CuMg alloy was found at low fraction of solid (fs = 0.3) due to fine and good distributed primary Si particles. Increasing fraction of solid above (fs > 0.3) increases the chance of large primary Si particles formation.
The effect of fraction of solid on hardness was also discussed. The effect of fraction of solid on the hardness of the alloy obtained at the stirring speed of 500 r/min is presented in Fig. 3. 
A decrease in the hardness values was noticed with the increase in the fraction of solid (fs > 0.3) due to the primary Si particles agglomeration. 
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Fig.3 Hardness as a function of fraction of solid
4. CONCLUSION 
The effects of the semi-solid processing parameters on the microstructure of hypereutectic AlSi18CuMg alloy were investigated. The experimental results showed that the application of stirring speed of 500 r/min resulted in the formation of a relatively smaller-size of Si particles at low fraction of solid (fs = 0.3). Rheocasting of hypereutectic Al-Si alloy for fraction of solid ranges (fs = 0.4 to fs = 0.5) produced primary Si particles with a size of about 60 - 75 μm. It was noticed  the  increased of primary Si particles with increasing fraction of solid above 0.3 due to agglomeration of the primary Si particles.The hardness increased by increasing fraction of solid (fs = 0.3) after that increasing fraction of solid the hardness decreased due to the primary Si particles agglomeration. 
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