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Hot Tearing in Direct Chill Casting Ingot of 7000 Series Aluminum Alloys*

Nobuhito Sakaguchi**

The initiation mechanism of hot tearing in direct chill casting ingots of 7000 series aluminum alloys was

investigated. In 7000 series aluminum alloys, the temperature range between solidus (463°C) and 583C

was classified into brittle range on mechanical properties and deformation behaviors in semi solid state.

The brittle range of 7000 series aluminum alloys was larger than that of other general aluminum alloys.

In 7000 series aluminum alloys, the healing of the crack which initiated from shrinkage cavity was

difficult to occur especially in the center of the direct chill casting ingot which was the last solidification

part. Therefore, it was considered that the hot tearing in direct chill casting ingots of 7000 series

aluminum alloys was easy to initiate the crack in the center of the ingot.
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Table 1 Chemical composition. (mass%)

Si | Fe | Cu Mn | Mg Cr Zn | Ti | Zr | Al
0.06 | 0.09 | 234 | <0.01 | .70 | <0.01 | 888 | 0.04 | 0.12 | Bal.
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Fig. 1 Microstructure of ingot.
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Fig. 2 Result of differential thermal analysis of ingot.
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Fig. 3 Calculation result of phase changing during
solidification in arranged 7055 aluminum alloy by
JMatPro V8.
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Fig. 4 Schematic drawing of tensile test machine.

Tensile test
Test temperature, 300 s

437°C, 300 s

Cooling

Temperature

T—> Time

Fig. 5 Schematic drawing of heating profile for tensile test.
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Fig. 6 Change in the mechanical properties and deformation behaviors of arranged 7055 aluminum alloy, Al-4.5mass%Cu

alloy and 1000 series aluminum.
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Fig. 7 Deformation behavior of arranged 7055 aluminum
alloy tested in 455C .
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Fig. 8 Deformation behavior of arranged 7055 aluminum
alloy tested in solidus (463C ).
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Fig. 9 Deformation behavior of arranged 7055 aluminum
alloy tested in 583C .

<= Loading direction =—>

(a) Before loading

(c) After 120 s

(d) After tensile test
(Displacement reached limit)

Fig. 10 Deformation behavior of arranged 7055 aluminum
alloy tested in 606T .
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Fig. 11 SEM micrographs of fracture surfaces on
arranged 7055 aluminum alloy in semi solid state.
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Table 2 Classifications of deformation behavior in semi
solid state ®.

Low Stagel Large uniform deformation and high
temperature 2€% ltensile strength are obtained.
Stagell Embrittlement with liquid film is
occurred.
Stage I Healing behavwr of crack by liquid
phase flow is occurred.
High Stage IV St{rly zone. Specimen could not keep
temperature original shape.

Table 3 Classifications of deformation mechanism in
semi solid state of Al-4.5mass%Cu alloy (previous
classification) ™.

Very large uniform deformation is
occurred.

Low

temperature Stagel

The strength of grain boundary
decreases, and the ductility

Stage Il |decreases remarkably.

The ductile fracture in grain
boundary occurs.

The strength decreases remarkably
due to melting a part of grain
boundary.

Spikes which are unmelting part of
grain boundary are observed on
fracture surface.

The strength and ductility decrease
Stage IV |due to melting almost all grain
boundary.

The healing, liquid flow into clacks
or fracture surface, is observed.
The migration of solid involving
liquid flow is also occurred.

Stage I

Stage V

High

temperature Stage VI | The healing occurs.
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Fig. 12 Schematic drawing of solidification of arranged 7055 aluminum alloy.
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Fig. 13 Schematic drawings of solidifications of 7000 series aluminum alloys and general aluminum alloys in DC casting.
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