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Abstract

The present work was intended to judge the influence of superheat and mould preheat temperature on the fluidity of 6xxx Al-
alloys. The fluidity spirals were made using magnesia filler materials and the colloidal silica binder. The fluid increases with the
increase of super heat and shell mould preheat temperature. The fluidity was higher for 6061 Al-alloy than that of 6013 Al-alloy.
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1. INTRODUCTION

The 6xxx commercial alloys ranges all the way from 6002 to
6951. The main components of the alloys are magnesium and
silicon to form Mg,Si. Iron may also present as FeAls;, FeAlg,
Fe,SiAlg or FeMg;SigAls. Most alloys have either magnesium
or silicon excess. Magnesium excess leads to better corrosion
resistance but lower strength and formability; silicon excess
produces higher strength without loss of formability and wel-
dability. 6xxx alloys have been very important in aerospace
manufacturing since the introduction of metal-skinned air-
craft. Fluidity is a widely accepted measure of the alloy’s abil-
ity to fill the mold cavity. Because of its importance in cast-
ing, the fluidity of casting alloys has been studied extensively
over decades [1-3]. Generally, whether a mold cavity can be
filled completely or its details can be replicated depends not
only on the alloy’s characteristics but also on the mold proper-
ties, such as its dimensions, geometry, material, temperature,
etc, and casting process parameters, such as temperature and
pressure.

The objective of the present work was to study the influence
of superheat of liquid metal and preheat temperature of mag-
nesia investment shell mould on the fluidity of 6xxx alloys.

2. MATERIAL AND METHODS

6013, 6061 and 6063 Al-alloys were gravity cast in the in-
vestment shell moulds. Magnesia was used as the filler mate-
rials to make investment shell moulds. The investment slurry
was prepared by adding the filler materials to the colloidal
silica binder. The silicon radicals in the colloidal silica binder
were 30%. The primary coats (first two coats) were stuccoed
with fine silica grains of AFS fineness number 120 and the
remaining backup coats with sand grains of AFS fineness
number 50. All the investment shell moulds were preheated as
per the design of experiments before pouring the liquid metal.
The 6xxx alloys were melt in an induction furnace. They were
modified with sodium. They were super heated before pouring
into the moulds [6-8]. The fluidity spiral made from the alu-
mina filler material is shown in figure 1. The length of fluidity

spiral was 500 mm. Figure 2: Fluidity spirals of (2) 6013 (b) 6061 and (c) 6063
Al-alloys.
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3. RESULTS AND DISCUSSION

In the present investigation three 6xxx Al-alloys (figure 3)
were considered. Alloy-1 was the 6013 Al-alloy; Alloy-2 was
6061 Al-alloy; Alloy-3 was 6063 Al-alloy. The alloy-1 con-
sists of 1.0%Mg and 0.8%Si; the alloy-2 consists of 1.0%Mg
and 0.6%Si; the alloy-3 consists of 0.7%mg and 0.4%Si. The
optical microstructures of 6013, 6061 and 6063 Al-alloys are
shown in figure 2. Formation of Mg,Si and FeAls were ob-
served in the microstructures. The fluidity spirals of 6013,
6061 and 6063 Al-alloys cast in preheated (400°C) magnesia
investment shell moulds poured at 800°C of liquid melt.

Figure 2: Microstructure of (a) 6013 alloy, (b) 6061 and (c)
6063 alloy.

3.1 Effect of alloy type on fluidity

The effect alloy type on the fluidity is shown in figure 3. The
fluidity was measured at constant pouring temperature of
800°C and mould-preheat temperature of 400°C. The fluidity
was high for 6061 Al-alloy and it was least for 6013 Al-alloy.
The fluidity of 6063 Al-alloy was intermediate between 6013
and 6061 Al-alloys.

3.2 Effect of superheat on fluidity

The effect of superheat of liquid metal on the fluidity is shown
in figure 4. The mould-preheat temperature was 400°C. The
fluidity of eutectic 6xxx alloy increases with the increase of

superheat. If the melt was at a higher temperature relative to
its freezing point, it would remain in the liquid state longer
throughout the metal casting operation, and hence its fluidity
would increase. The influence of superheating on the crystal-
lographic characteristics of alloys revealed that superheating
shifts its eutectic reaction toward higher level of silicon ac-
companying with the appearance of Al-dendrite in the hypo
eutectic and eutectic Al-Si alloys [9]. Kolsgaard [10] has re-
ported that the fluidity length, measured with a spiral test in
sand mould, increases linearly by increasing superheat.

500
= 400 -
E—
Z 300 -
=
=
" 200 J
100 - T T
6013 6061 6063
Type of alloy
Figure 3: Effect of alloy type on fluidity.
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Figure 4: Effect of superheat temperature on fluidity.
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Figure 5: Effect of mould preheat on fluidity.
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3.3 Effect of mould preheat on fluidity

The effect of mould reheat of liquid metal on the fluidity is
shown in figure 4. The fluidity was measured at constant
pouring temperature of 800°C for eutectic alloy. The fluidity
increases with the increase of mould pre-heat temperature.
This was due to reduced temperature gradient which would
prolong solidification process.

5. CONCLUSIONS

The fluidity increases with the increase of super heat and shell mould
preheat temperature. The fluidity was low for 6012 Al-alloy and it
was high for 6061 Al-alloy.
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