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Summary: In this work, the results of research concerning application of rheocasting process for piston alloys structure and properties improvement have been shown. The procedure of stirring the melt by a plate stirrer at different speeds (rpm): 500, 1000 and 1500 was used. The influence of mechanical stirring effect on morphology and distribution of primary phases  ((- Al i Si) was tested in the hypereutectic Al-18wt%Si alloy. Test results showed a positive influence of melt stirring speed on the structural change of the tested alloy in comparison with the structure of samples obtained by a conventional casting procedure. The effects of a structural change are optimised at the melt stirring speed of 500 rpm.
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1. Introduction
Aluminium-silicon alloys are a part of the group of important alloys for automotive industry. Piston alloys, with reference to application conditions, must show good thermal stability, good heat conductivity, corrosion resistance and satisfactory tribological properties. Within the exploitation life time, these alloys are subject to mechanical and heat stresses and to agressive environmental application conditions. Piston alloy properties greatly depend on a proper choice of a melting technology, melt treatment, casting process and thermal treatment of castings.
A basic limit factor affecting application of these alloys is the presence of coarse and brittle Si crystals in a soft Al base. One of important parameters influencing piston alloys properties is a modification procedure, i.e. the choice of type and quantity of modification agent. With Al-18wt%Si alloy, a modification process is mostly limited to modifying primary Si crystals. These procedures are aimed at a break and proper distribution of Si particles in a soft aluminium base. As a modifier, phosphorus is commonly used. A basic imperfection concerning application of this modifier is the fact that eutecticum remains needle-shaped and coarse, which is manifested by poor mechanical properties. Usage of Sr as a modifier significantly improves alloy properties and this modifier was used in the tests shown.(1-3(  

One of the ways to change the structure is to apply new processing procedures in the area of a semi-solid state, representing an important concept for development of new casting technologies giving way to the possibility to change the dendrite structure in a non-dendrite one. These procedures include rheocasting and tixocasting procedures. Rheocasting referrs to the alloy stirring procedures during solidification in the area between a solid and a completely liquid state , i.e. in a two phase region, followed by the casting process. (4(  

This work shows the results of microstructural changes made by mechanically stirring a semi-solid melt at different stirring speeds. 
2.
Experiment 
Table 1. shows the chemical composition of the alloy tested. The hypereutectic Al-18wt%Si alloy was obtained by conventional ( series I) and rheocasting procedure (series II) at the cooling rate of 0,16(0,05oCs-1. The samples of rheocasting alloy were obtained at three rotary melt stirring speeds (rpm): 500 (marked II 1),1000 (marked II2 ) i 1500 (marked II3 ).

Table1. Chemical composition of Al-18Si alloy (wt. %)

	Element
	Si
	Cu
	Mg
	Ni
	Fe
	Zn
	Mn
	Ti
	Al

	Wt.%
	18
	0.8-1.5
	0.8-1.3
	0.8-1.3
	0.7
	0.2
	0.2
	0.2
	Balance


For liquid cast preparation, NaCl-based, KCl-based  and Na3AlF6-based salt was used. Cast degassing was carried out with hexachloretane (C6H6), and modification of Al10%Sr was carried out in the quantity of 0.05%Sr. Series I samples were casted into metal molds. Samples II were obtained by rheocasting process. In each experiment, the alloy was heated up to 720oC. After that, the alloy melt was cooled at the cooling rate of 0,16(0,05oCs-1. 

Apparatus used to obtain rheocast samoles consists of a crucible placed in an electric resistance furnace. The temperature was controlled by a thermocouple accommodated in the crucible inner side wall. The temperature was recorded each 30s in the given temperature interval. For experimental purposes, a specially designed plate-shaped stirrer with the dimensions of (38x2x100) mm was used; it was made out of a steel sheet  and an aluminium oxide was applied onto it by the plasma technique. 

The stirrer was connected to an electrical motor with the power of 250 W  and maximum number of revolutions of up to 2000 rpm. 
For microstructural tests, all samples were prepared through a standard metalographic procedure of polishing and etching of samples (by Keler’s reagent). Microstructural tests were carried out applying the optical microscope REICHERT – JANG. 
3.
Results and discussions
Figure 1. shows  microstructures od series I and series II samples. Microstructure of samples I, (fig.1.a.) consists of polygonal-shaped primary Si crystals accommodated in the eutectic base consisting of ((- Al i  Si).  In the area around primary Si crystals, there is an ( - phase with dendrite morphology. Figure 1.b-d shows microstructures of series II samples created during rheocasting process. 
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	a) Samples, series I
	b) Samples, series II 1
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	c) Samples, series II 2
	d) Samples, series II 3


Fig 1. Microstructure of series I-II sample

Particle distribution of primary (- Al phases in the area around the stirrer was analysed. During subcooling created by introducing the stirrer into the metal melt, the first (- Al particles in a globural shape are locally formed around the stirrer. Stirring speed increment influences the increment of the number of nucleation germs resulting in reduction of  the (- Al particle size. Increasing the stirring speed, the (-Al particle shape is also changed. With the samples II 1 , rosette-shaped particles are noticed (fig. 1.b), and with increment of the stirring speed  (samples II 2 and samples II 3 ), an increment of the roundness degree of these particles is noticed, fig. 1.c-d. 

The tests showed that congregating rate of primary Si particles is increased with an increment of the melt stirring speed. Gathering rate of Si particles is not noticable at lower stirring speeds, i.e. at the stirring speed of 500 rpm, (fig.1.b), while segragation of Si particles is more noticable at higher stirring speeds. The process of congregating primary Si crystals in clusters-blocks, consisting of a number of individual Si particles mutually connected, is a consequence of shearing forces appearing during melt stirring, fig. 1.c,d. 


A basic imperfection of a conventional casting process for the piston alloys is a distinctive notion of primary Si particles segregation affecting mechanical properties of alloys. When applying rheocasting process, it was noticed that Si particle segregation is least expressed at the stirring speed of 500 rpm. Bearing in mind the importance of the triad: technology-structure-properties in  the development of contemporary materials, such as piston alloys, it may be expected that the structural changes mentioned above, provoked by the change of rheocasting process parameters, will have an influence on the properties of the alloy obtained, which should be the subject of a further reasearch within this field. 

4.
Conclusions


Test results of stirring speed influence on the microstructure of rheocast samples of the Al-18wt%Si alloy in comparison with the microstructures of conventionally  casted samples show the following:

         -By stirring the melt, the morphology of ( - Al phase is changed from the dendrite into a non-dendrite one. At 500 rpm, morphology of ( - Al phase is rosette-like, while the roundness degree of these particles is increased with an increment of  the melt stirring speed. Increment of the stirring speed leads to a greater fragmentation of dendrite morphology of the ( - Al phase, resulting in smaller sizes of these particles.
        -Under the activity of shearing forces created as a result of mechanical melt stirring, primary Si crystals are segregated. At the stirring speed of 500 rpm , a segregation extent is least expressed; with an increment of the melt stirring speed, (1000 and 1500 rpm) primary Si particles tend to form blocks. As the clusters of Si particles deteriorate the properties of piston alloys, it is recommended to apply the melt stirring speed of 500 rpm for this type of alloy.

These are preliminary test results showing that varying the rheocast process parameters may significantly influence the change of the phase morhology in the piston alloy structures, representing a fundamental dependance of structure from technology. For a detailed analysis of influence of the rheocasting process parameters on the change of structure and properties, it is necessary to conduct a detailed. 
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