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The effect of gap between ingot and crucible on the distribution
of initial melt concentration in Bridgman crystal growth
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Abstract Dilute Al-Cu and Al-Mg alloys were solidified urnidirectionally upward by Bridgman
method. It is necessary that solute concentration of initial melt i1s uruform to be able to control the
concentration of crystal. When solute concentration is not uniform, it can cause unusual macro-seg-
regation in grown solid. A non-steady state solidification was observed where the solute concentra-
tion in the grown solid decreased with the progress of solidification, when a dilute Al-Cu melt with

positive axial temperature gradient was sohdified. This was caused by leaking out of Cu-rich melt
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into the gap between ingot and crucible during melt-down and its sedimentation after complete melt-

ing. In the case of Al-Mg alloy, the solute concentration has a minimum in the middle of grown speci-

men because Mg-rich melt flowed down the gap between ingot and crucible and floated after com-

plete melting. Uniform initial melt concentration can be achieved by the homogenization of the ingot

or by the absence of the gap between ingot and crucible.
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Fig. 1. Experimental set-up for vertical Bridg-
man solidification and vertical temperature dis-

tribution in the melt.
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Fig. 2. Experimental set-up for observing sol

ute rich melt.
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Fig. 3. Solute profile of Al-0.44 wt.% Cu
along the center and the edge of the specimen
quenched right after melt down. Total length of

the specimen i1s 8 cm.
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Fig. 4. Macroscopic Cu-concentration profile

along axial direction of specimen.
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Fig. 5. Macroscopic Mg-concentration profile
along axial direction of specimen compared

with the modified Scheil equation for various k'

wgk oJ2j7bA] f- & Hw) A5 (effective parti-
tion ratio), k'gkell & deojxj= By =
Ao vehhgich o) o) Al 1 x7]
SAFEe FEUh ¥ fs=03% 264
wrb Faghs 7}{1 F AN E E'.Qlt]r.
A2, 38 z7IgaEe] kb 049
Scheil =43 A2 x5} L7} A3
ol mzt k7 AA Frtste das Hola
adch.

N

3.2. oA =2

Fig. 6, 7, 82 Al-4.27 wt.% Cu F3& ¥
falgt = 33 A1Z Aol digr Fat
Av] 7 Apzle|ch Fig. 6, 72 43 A=&
A 2 AlHojrh Fig. 6o 4= Cu FE7}
& Aol Fshtish wE £5 3 o4
-l o2 iAol 4 4= x) A A (dendrite) o)
Aaakadot Fig 72 Ao #9%3¢ 4

[¢]
e Zo& Cu $&E7F 2 Fdo| F3 9

o] 5 ”ﬂf06~07mmx4501c}

Flg 8o A3} He]E 72 A Ho] st
F&t#v| 7 AlAlolr), o] A}A1E Fig. 63} 1)
aafE w AjHo] WA FelshA Hr) A
WSS o 7 Aok dFE Acel)E g1
‘3]—31 Z2)AFAo] | whakE Ao 2HE (Cu
swrh @alshl e e o 4 ek

Flg 6,7, 814 el He x5 =
7b Bd-g sl =S W Falo] Folelw 7]
A7y NVEE HAdstAchr Fdge® o
A 5 ¥-Yoleh 53] Fig 6ol4] w3t

b

O

}m

H Po R gtyEli Fx|AFAA}e)e] 7| £}
SEoh He G Favtow wohh o
He F so@ AztEIch



174 AR,

Fig. 6. The optical microstructure of partially
melted ingot ( X 33).

Fig. 7. The optical microstructure for outer

part of partially melted ingot ( X 33).

Fig. 8. The optical microstructure of partially

melted ingot which was homogenized at 550°C
for 4.5 hours (X 33).
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Symbols and their numerical values adopted for Al-Cu and Al-Mg alloy

Symbol Numerical values Unit
(for Al-Cu)
D (Solute diffusivity) 3.0x107 cm®/s
x (Thermal ~ ) 0.365 cm/s
v (Kinematic viscosity) 524 %10 cm’/s
(for Al-Mg)
D (Solute diffusivity) 6.1x10 " cm’/s
k (Equilibrium partition ratio) 0.256
n (Dynamic viscosity) 1.19x10 * kg/(m - s)
& (Thermal diffusivity) 0.352 cm’/s

v (Kinematic viscosity) 498 x10 * cm‘/s
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