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Abstract

We have tried a new casting method to produce an ingot composed of two layers
with various compositions. We replaced the unsolidified core of the ingot with another
molten alloy in the process of the ingot solidification. The weldability of the composite
layer was investigated.

The change in temperature distribution in the solidification process was obtained by
the finite difference method and the thermal condition on the weldability was examined
in relation to the casting temperature and the composition of the composite layer.

To obtain a good weldability, it was found that the interface between the shell and
the core of the ingot should be held over 5 seconds under the such conditions that
fraction of solid is less than 30%.
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Fig. 1. Experimental apparatus.
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Table 1. Chemical composition of primary and secondary melts and the
casting temperature in the continuous replacement method

Primary melt Secondary melt
Castinog temp. Casting temp.
) €9

Ingot No.

Composition Composition

Combination of same composition, {1z = Tm)*

1 Pure Al 780 Pure Al 710
9 Al-2 wt% Cu 780 Al-2 wt% Cu 710
3 Al-4 wt% Cu 780 Al-4 wt% Cu 710
4 Al-6 wt% Cu 780 Al-6 wt% Cu 710

Combination of different composition I, (Tz < T m)*

5 Al-2wt% Cu 780 Pure Al 710
6 Al-4 wt% Cu 780 Pure Al 710
7 Al-4 wt% Cu 780 Al-2 wt% Cu 710
8 Al-6 wt% Cu 780 Pure Al 710
9 Al-8 wt% Cu 780 Pure Al 710
10 Al-8 wt% Cu 780 Al-4 wt% Cu 710

Combination of different composition II, (Tz> Tm)*

11 Pure Al 780 Al-4 wt% Cu 710
12 Al-0.5 wt% Cu 780 Al-4 wt% Cu 710
13 Al-15wt% Cu 780 Al-4 wt% Cu 710
14 Al-2 wt% Cu 780 Al-4 wt% Cu 710

* T and Tm are equilibrium liquidus temperature of primary and secondary melts,
respectively.

Table 2. Chemical composition of primary and secondary melts and the
casting temperature in the intermittent replacement method

Primary melt Secondary melt .
Casting temp. Casting temp. 4T (°Cy*
(°C) Q)

Ingot No.

Composition Composition

Combination of Same composition, (Lz = 1)

15 Al-4 wt% Cu 780 Al-4 wt% Cu 710 0
16 Al-4 wt% Cu 780 Al-4 wt% Cu 780 0
17 Al-4 wt% Cu 780 Al-4 wt% Cu 710 10
18 Al-4 wt% Cu 780 Al-4 wt% Cu 710 22
19 Al-4 wt% Cu 780 Al-4 wt% Cu 710 28

Combination of different composition I, (T <1 m)

20 Al-4 wt% Cu 780 Pure Al 710 0
21 Al-4 wt% Cu 780 Pure Al 710 10
22 Al-4 wt% Cu 780 Pure Al 710 28
23 Al-4 wt% Cu 780 Al-1wt% Cu 710 0
24 Al-4 wt% Cu 780 Al-2 wt% Cu 710 0
25 Al-4 wt% Cu 780 Al-3wt% Cu 710 0

Combination of different composition II, (1> Tx)

26 Al-4 wt% Cu 780 Al-7 wt% Cu 710 0
27 Al-4 wt% Cu 780 Al-7 wt% Cu 710 30

* AT is the difference between the temperature at the inner surface of primary layer
when the unsolidified core of the ingot is discharged and that when the secondary
melt is teemed into the core of the ingot.
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Photo. 1  Macrostructure in the longitudinal cross section of ingots
obtained by the continuous replacement method. (X0.8)

(a) Primary melt: Al-4 wt% Cu, Secondary melt: Pure Al
(b) Primary melt: Pure Al, Secondary melt: Al-4 wt% Cu
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Photo. 2 Macrostructure in the longitudinal and the transverse cross
section of ingots obtained by the intermittent replacement
method. (x0.8)

(a) Primary melt: Al-4 wt% Cu, Secondary melt: Pure Al
(b) Primary melt: Al-4 wt% Cu, Secondary melt: Al-7 wt% Cu
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Photo. 3 Macrostructure in the longitu-
dinal and the transverse cross
section of the ingot obtained
by the intermittent replacement
method. (X0.8)

Primary melt: Al-4 wt% Cu, Secondary
melt: Al-4 wt% Cu.
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Change in temperature distribution after continuous replacement

of the secondary melt. The Tz and Tz are equilibrium liquidus
temperature of primary and secondary melts, respectively.

(@) Tm<Tm,, b) Te=Tr, () Tm>Tm.

Fig. 2.
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Table 3 Thickness of primary solidified shell remelted by

secondary melt

Composition of primary melt Composition of secondary melt Thickness of remelting zone

Al-4 wt% Cu Pure Al 0.38cm
Al-4 wt% Cu Al-1wt% Cu 0.31cm
Al-4 wt% Cu Al-2 wt% Cu 0.25 cm
Al-4 wt% Cu Al-3 wt% Cu 0.12 ¢cm
Al-4 wt% Cu Al-4 wt% Cu 012 c¢cm
Al-4 wt% Cu Al-5 wt% Cu 0.12cm
Al-4 wt% Cu Al-6 wt% Cu 0.12cm
Al-4 wt% Cu Al-7wt% Cu 0.12¢m
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Fig. 3. Change in temperature distribution after intermittent replacement

of the secondary melt. The Tz and Tz are equilibrium liquidus

temperature of primary and secondary melts, respectively, and the

Ty and T, are temperature corresponding to fraction of solid
of 0.3.

(@ Tm<Tr, (b) Tm=Tz, () Te>Tr.
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