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Mechanical Properties in High Temperature Included Semi-Solid State
and Hot Tearing of Al-Mg System Alloys™

Nobuhito Sakaguchi **

The hot tearing (crack) often occur on the surface of the Al-Mg system alloys ingot during casting

process. To explain the mechanism of crack generation in the Al-Mg system alloys, the mechanical

properties and deformation behaviors of semi solid state were investigated by the tensile test in the semi

solid state. The tensile strength and the elongation of Al-Mg system alloys decrease with increase the

test temperature in the solid state to the semi solid state. Other series aluminum alloys, for example

Al-Si-Fe system alloys and Al-Zn-Mg-Cu system alloys, have large elongation in the solid state near the

solidus. Because of low ductility in the temperature range near the solidus, the hot tearing often occur on

the surface of the Al-Mg system ingot, in which the casting mold contacts at the solidification.
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Fig. 1 Hot tearing and surface defect of Al-Mg system alloys.
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Table 1 Chemical composition. (mass%)

Si Fe Cu Mn | Mg Cr Zn Ti Al

009 | 026 | 011 | 044 | 4.87 | <0.01 | <0.01 | 0.03 | Bal
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ThY, EEFE20 kVICTEEB X OO 2175720

VEBL L 725182 4 4 0 IR AR O I BEREPH % B A3 5

(a) Low magnification

(Anodized and observed with polarized light)

(b) High magnification
(As polished)

Fig. 2 Microstructures of 5182 alloy ingot.
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Fig. 3 Schematic drawing of tensile test machine.
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Fig. 4 Schematic drawing of heating profile for tensile test.
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Fig. 5 Schematic drawing of heating profile for heating
test (WQ: water quenching).
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Fig. 6 Microstructures of ingots after heating test, ©, @), @), @ and & are shown in Fig. 5.
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Fig. 7 Change in Mg contents of inside of grain and grain

boundary by heating tests, D, @, ®, @ and ®
are shown in Fig. 5.
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Fig. 8 Change in mechanical properties and deformation behaviors of 5182 alloy, 7000 series aluminum alloy and 1000
series aluminum alloy.

(c) After 30 s (d) After 50 s

(c) After 40 s (d) After 86 s

Fig. 10 Deformation behavior of 5182 alloy tested in

Fig. 9 Deformation behavior of 5182 alloy tested in 535C 600C (semi solid state).

(solid state).
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Support bar

(c) After 120 s (d) After 180 s

Fig. 11 Deformation behavior of 5182 alloy tested in
610C (semi solid state).
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Fig. 12 SEM micrographs of fracture surfaces in 545C
(solid state).
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—>
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Fig. 13 Tensile test specimen after tensile test in 545C
(solid state).
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(a) Low magnification image (b) High magnification image

Fig. 14 SEM micrographs of fracture surfaces in 556C
(solidus).

B | Al-Mn-Fe ystem compound
f [ E.‘ l y J .

50 um g BT —--.*

(a) Low magnification image (b) High magnification image

Fig. 15 SEM micrographs of fracture surfaces in 570C
(semi solid state).
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Fig. 16 SEM micrographs of fracture surfaces in 580C
(semi solid state).
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Fig. 17 Result of the phase diagram calculation by JMatPro.
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Table 2 Classifications of deformation behavior in semi
solid state ?~ 10,

Low Stagel Large uniform deformation and high
temperature g tensile strength are obtained.
Stagell Embrittlement with liquid film is
occurred.
Stage 1 Healing behavwr of crack by liquid
phase flow is occurred.
High Stage IV Slurry zone. Specimen could not
temperature keep original shape.
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