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The effect of rotation on the eutectic phase in hypoeutectic Al-Si

alloy
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Numerous investigations have been made to visual-
ize the effect of rotation and/or stirring during the
solidification of molten Al-Si alloys [1-4]. Several
beneficial effects can be achieved from this stirring;
namely, elimination of macrosegregation as a result
of an increase in interdendritic convection, finer
grain structure, better surface finish, etc. Of the
different modes of stirring, electromagnetic stirring
results in spheroidization of w-phase and the deve-
lopment of a finer structure by fragmentation of
dendrites in Al-7% Si and Al-4.2% Si alloys [3, 4].
The effect of centrifugal rotation of Al-5% Si was
studied long ago [1]. Unfortunately, no encouraging
results were obtained, probably due to the high
rotational speeds. A low or moderate rotational
speed appears to yield fruitful results. Little atten-
tion has been paid to studying such a range of
rotational speeds for Al-9% Si alloys. Therefore,
this study aimed to focus on the effect of low or
moderate rotational speeds on the microstructural
evolution of Al-9% Si alloy.

The alloy was melted in an electrical resistance
furnace and poured into the mechanical rotating
device at a pouring temperature of 750 °C. The
metal mould was preheated at 250 °C. Fig. 1 shows a
cross-sectional view of the device. The liquid alloy
was subjected to different rotational speeds: 42, 61,
93 and 113 r.p.m. Transverse sections (from the
middle portion) of the solidified castings were
studied by optical and scanning electron microscopy
(SEM). The fractions of eutectic phase were
measured by quantitative metallography. The hard-
ness profiles from the centre to the edge were
measured on the Rockwell B scale.

The optical micrographs (Fig.2) at the edges
reveal a chilled structure at 42, 61 and 93 r.p.m.,
whereas the dendritic structure is apparent at a
speed of 113 r.p.m., probably due to remelting at
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Figure 1 The mechanical rotating device.
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the surface by a strong flow of liquid towards the
outwards portion [5]. The micrographs (Fig. 3) at
the centre show that the eutectic phase at first
decreases and then rises with increasing rotational
speed. This is supported by the fraction of eutectic
phase measured, as illustrated in Fig.4. The cor-
responding SEM micrographs (Fig. 5) indicate that
the silicon plates are becoming broken and dispersed
at the centres at increasing rotational speeds. There
is hardly any difference between the SEM micro-
graphs of centres and edges with rotational speeds of
42, 61 and 93 r.p.m. However, in the case of the
higher rotational speed (113 r.p.m.) a marked differ-
ence between the centre and the edge could be
observed. At the edge silicon becomes coagulated

- [6].

The hardness versus distance plots are shown in
Fig. 6. The hardness profiles from the centre to the
edge are in conformity with the microstructural
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Figure 2 Optical micrographs at the edge at (a) 93 and (b)
113 r.p.m. (X 85).
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Figure 4 Plot of vol % eutectic phase versus rotational speed.

features. The hardness at the edge for the 113 r.p.m.
casting was found to be higher than that of the
others, due to agglomeration of silicon. It is evident
that a uniform distribution of eutectic phase
throughout the cross-section of a casting can be
achieved by rotation with lower rotational speed.
However, at higher speed the nature of the hardness
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Figure 3 Optical micrographs at the centre at (a) 61 and (b) profile ' suggests that_ the dl(,Strlbutlon profile is
113 r.p.m. (X 85). reversed, as observed in Sn-12% Pb alloy [5].

Figure 5 SEM micrographs of (a) edge at 93 r.p.m., (b) centre at 93 r.p.m., (c) edge at 113 r.p.m. and (d) centre at 113 r.p.m. (X 300).
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Figure 6 Variation of hardness with distance from the centre.
Rotational speed: (O) 0, (O) 42, (x) 61, (A) 93 and (A)
113 r.p.m.

The following conclusions can be drawn based on
the experimental evidence. Rotation in liquid
Al-9% Si alloy causes refinement of the eutectic
morphology. Up to a certain critical speed the

»

homogenity and dispersity of the eutectic structure
increases with increasing rotational speed, but be-
yond that speed limit the coagulation of Si occurs at
the surface, probably due to reversing of concentra-
tion profile.
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