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Effects of Viscosity Control by Induction Heating on Micro Cell in
Forming Process of Foamed Aluminum

Yong Phil Jeon*, Chung Gil Kang**

ABSTRACT

Melting method has long been considered difficult to realize because of problems such as the low foamability
of molten metal, the varying size of cellular structures and solidification shrinkage. The parameters to solve the
problem in electric furnace were stirring temperature, stirring velocity, heating velocity and foaming temperature.
It is important to consider the effects of induction heating, because it brings about the inner flow by the
temperature gradient. Aspect ratio also depends on the induction heating. Mechanical properties are dependent on
cell sizes and aspect ratioes. Therefore, this paper presents the effects of these parameters on the cell sizes. For
the sake of this, combined stirring process was used to fabricate aluminum foam materials by the above mentioned
parameters. Image analysis was performed to calculate the cell sizes, distributions, and aspect ratioes at the cross

section of foamed aluminum in the direction of height.

Key Words : Vicosity control(] % #]]), Induction heating(+X= 7}<¥), Foamed Aluminum(&FvE 23X A)),
Molten temperature(-8 8 -2 T), stirring velocity(2 %t £ %), Heating velocity(7}¥ 4 %), Foaming
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Table 1 Chemical composition of ADC12

Si | Fe | Cu [Mn|Mg| Ni| Zn| T{ py Sn
min(%) | 9.6 15 N
max(%) [12.0|1.3]3.5]05]03/05] 1.0, 0.3
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Table 2 Chemical composition of TiH, (8]
Si | Fe |H,| Mn | Mg IN; | O, T | C
’("2’)‘ 0.030|0.053 |3.8{0.0007[0.0010{0.27]{0.35| 95| - | -
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(D'Speed control unit for stirring motor
(2)Height control unit for position
control motor
{3stainless impeller
(@ Frame for stirring
(S Molten metal
(&Stainless crucible
(DPosition control motor
(& Stirring motor
(@Particle injection pipe
(0Field coil
| @ Thermocouple
1= (2Induction heating controller

Fig. 1 Schematic diagram of fabrication equipment for
aluminum foam material
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Fig. 2 Schematic diagram of induction heating

condition for wvarious temperatures and

velocities of impeller(a) and heating and
foaming temperatures(b) of ADC12

Molten alloy
(semi-solid state)

I Stirring at semi-solid state

(over § minutes)

Continuous and uniform Preheating of TiH,
l feeding of foaming agent &= | Particles 100°C)

Stirring during the feeding
(within 2 minutes)

Fig. 3 Flow chart of experimental process of
melt-stirring
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3 Various conditions for fabrication of

aluminum foam material

PARAMETERS
RPM Foaming
(rpm) velocity

N (C/min),Vy
1700 20

700 20

~1700
1350 20~50
20

1350

Foaming
Temp.
(), T
Temp.

Temp.
()
T

Process

585~680
595
595
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595
595~680

Foaming
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Fig. 4 Positions of measuring for image analysis of
the distributions aspect
ratioes in hatched area(a), and of the particle

of particle sizes,

sizes about the height of the material(b)
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Fig. 6 Distribution of the particle sizes under various
temperature of molten metal (N=1700rpm,
Vy=20C/min, T=Ty)

(@) T=585C (b) T=595T (c) T=615T (d) T=680TC

Fig. 5 Foamed aluminums at various temperatures of

T=595C
Alag = 1.364

molten Aluminium (N = 1700rpm, Vi, = 20°C > 3
& 2o
/min, T = Ty & &
’ ‘Asps:l rali‘o, Ar‘ ¢ ° ! Asp:cl ra‘lio. A‘v ’
Table 4 Foaming results at various temperature (a) T=585C (b) T=595TC
P(%) by case 1 P(%) by case 2 50 N _so]
(@) 66 50 % Temsl g
(b) 73 59 z, ' z,]
() 70 64 % 3
(d) 69 70 S R
case 1: The results by theoretical calculation ' aspectratio ar ° Aspectratio.Ar
case 2: The results by image analysis (c) T=615C (d) T=680TC
(% (P, Porosity) g, = - «100. Ho : Initial Fig. 7 Distribution of the aspect ratios under various
height of the melted metal, H: Height of foamed temperature of molten metal (N = 1700rpm, Vi
aluminum, P : % of Porosity) = 20C/min, T = Ty)
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Fig. 8 Foamed aluminums‘ at various velocity of
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Table 5 Foaming results at various stirring velocity

P(%)by case 1 P(%) by case 2
(a) 60 47
(b) 61 51
(c) 66 57
(d) 67 59
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§ ;_. 40
f I
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Fig. 9 Distribution of the particle sizes under various

velocities of molten metal (T=595T, V=207
/min, T=Ty)
o N =700 rpm| ® N = 1000 rpm
g 40 Ar"'- 1.98 g 40 Arn'll 1.734
asae .._' 30
2 %‘ 2
s 5 10
CR D I ° 12 3 4
Aspect ratio, Ar Aspect ratio, Ar
(2) N=700rpm (b) N=1000rpm
- o T= 1350 rpm : N = 1700 rpm
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o 3 n.. 30
é-; 20 E" 20
E 10 g 10
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Fig. 10 Distribution of the aspect ratios under various

velocities of molten metal (T=595C, Vi=2

0°C/min, T=Ty)
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Aspect ratio, Ar
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Fig. 11 Foamed aluminums at various heating velocity
(T = 595TC, N = 1350rpm, T = Ty)

Table 6 Foaming results at various foaming velocity

P(%) by case | P(%) by case 2
(a) 66 S
(b) 64 60
(c) 76 66
(d) 72 70
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Fig. 12 Distribution of the particle sizes under various
heating velocities of molten metal(T=595C,

N=1350rpm, T=Tj)
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1
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Fig. 13 Distribution of the aspect ratios under various
heating velocities of molten metal(T=595T,

N=1350rpm, T=Ty)
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Fig. 14 Foamed aluminums at various foaming
temperature(T=595C, N=1350rpm, V=20C
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(c) 625¢C

Table 7 Results at various foaming temperature

P(%) by case 1 P (%) by case 2
(a) 66 57
(b) 69 60
(c) 74 65
(d) 68 72
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Fig. 15 Distribution of the particle sizes under various
foaming molten  metal

(T=595C, N=1350rpm, V=20 /min)
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Fig. 16 Distribution of the aspect ratios under various
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(T=595C, N=1350rpm, V=20°C/min)
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