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The Effect of Pressure on Liquid Segregation in Direct Rheo-
Forging Process of Aluminum Alloys
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Abstract

Rheo-forging process of aluminum alloy is suitable for large parts of net shape without defects and excellent
mechanical properties in comparison with conventional die casting and forging process. To control the microstructure of
the product with high mechanical properties in rheo-forming, solid fraction is required to prevent porosity and liquid
segregation. Therefore, in rheo-forging process, die shape, pressure type and solid fraction are very important parameters.
The defects such as porosity, liquid segregation and unfilling phenomena occur during rheo-forging process. To prevent
these defects, mechanical properties and microstructure analysis of samples versus the change of pressure are carried out
and the problem and its solutions are proposed. Also, the mechanical properties versus various pressures were compared
with and without heat treatment. The alloys used for rheo-forming are A356 and 2024 aluminum alloy. The rheology
material is fabricated by electromagnetic process with controlling current and stirring time.
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Hhe-§ AdEvEARe dxFHd #E H¥Ed of HgFgosg FTHSA HA, uFe] P =

T8 #el, Yol REs} 150C300T Abelrk B Boke] £EE Zsel nEL o FHNUT

ojof dtrtE ZBES IAUTE Peng FT[4]2 HA1E

HE AETA oA vEEF Az AFE Table 1 Chemical compositions (wt%) and thermal

Ao et AEEFg T Lee S[5]S 7075 ¥FE characteristics of A356 and 2024 aluminum

T 7tEste 7 dEe) weg 9xRE H alloy

P 4Fe P =R, HEF 1 99 Zn Mg Cu Fe Si Mo Ti Al T, Ts T-Tg
= oy T = 1 X

23812? ;;\fﬁji; fj;}gi oﬂﬂf‘i;& A3560.01 0.330.01 0.13 7.00 0.01 0.01 Bal. 614°C 554°C 60°C

WEH ATRE zoqui So] A3Se BT ma 2024 0.251.804.900.500.500.900.15 Bal, 638°C 502°C 136
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Aojth Y FE2L& AAE AL dAatd] A Fig. 1 Schematic diagrams of electromagnetic stirrer
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Fig. 2 Schematic diagrams of rheology forging process
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Table 2 Experimental conditions for A356 Al alloy by rheo-forging
No Pouring Solidification, Stirring current, Forging pressure, Holding time,

" temperature, C % A MPa (ton) sec

1 680 0 0 120 (80) 20

2 568 70 60 100 (65) 20

3 568 70 60 120 (80) 20

4 568 70 60 150 (100) 20

Table 3 Experimental conditions for 2024 wrought Al alloy by rheo-forging
No. Pouring . Solidification,  Stirring current, Forging pressure, Holding time,

temperature, C % MPa (ton) sec

i 605 0 0 120 (80) 20

2 605 70 60 100 (65) 20

3 605 70 60 120 (80) 20

4 605 70 60 150 (100) 20
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Fig. 4 Microstructures of position 1 in the A356
forged sample without and with stirring
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Fig. 5 Microstructures of A356 forged sample versus

various forging pressure at position 1 (Stirring
currant; 60A, Solid fraction; 70%)
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Fig. 6 Microstructures of A356 forged sample versus
various forging pressure at position 2 (Stirring
currant; 60A, Solid fraction; 70%)
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Fig. 7 Microstructures of A356 forged sample
versus various forging pressure at position 1
of T6 heat treated sample (Stirring currant;
60 A, Solid fraction; 70%)
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Fig. 8 Mechanical properties of A356 rheo-forged
sample
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Fig. 9 Photographs of fracture surface by FE-SEM in
A356 rheo-forged sample
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Fig.10 Microstructures of condition C (spattered melt
at the parting line)
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Fig.11 Microstructure of 2024 forged sample versus
various forging pressure at position @
(Stirring currant; 60 A, Solid fraction; 70%)
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Fig.12 Microstructures of 2024 forged sample versus
various forging pressure at position @
(Stirring currant; 60 A, Solid fraction; 70%)
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Fig.13 Microstructures of 2024 forged sample versus

various forging pressure at position 1 of Té
heat treated sample (Stirring currant; 60 A,
Solid fraction; 70%)
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(a) Phetograph of air-blow

ull Scale 100 cts _Cursor: 0,000 keV. ke

(b) EDS analysis
Fig.14 Photograph of air-blow in 2024 rheo-forged
sample
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Fig.15 Mechanical properties of 2024 rheo-forged

sample
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(a) Exp. No.2 (b) Exp. No.3 (c) Exp. No. 4
Fig.16 Photographs of fracture surface by FE-SEM in
2024 rheo-forged sample
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Fig.17 Segregation and shrink hole defects in rheo-

forged sample
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Fig.19 Impurity-defects in rheo-forged sample
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(a) EDS analysis

Element  Weight%
C 42.11
0] 27.32
Na 0.98
Mg 2.47
Al 18.62
Si 4.95
Cl 1.32
K 0.87
Ca 1.08

Totals 100.00
{b) Elements

Fig.20 Chemical analysis of impurity-defects by EDS

in rheo-forged sample
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