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Effects of Wheel Condition on Solidification Characteristics
of Al-Cu Polycrystalline Ribbon

Ju-Hyung Kim, Sang-Mok Lee and Chun-Pyo Hong

Abstract

The effect of wheel surface condition on solidification behavior of Al-Cu ribbon was investigated in order to establish
extreme levels of heat extraction. The condition of wheel surface was changed either by heating the wheel surface up to
200°C or by coating boron nitride(BN) onto the the rim of a wheel. Heating the wheel surface up to 200°C improved the
wetting behavior between the molten metal and the rotating wheel, leading to an increase in the ratio of columnar structure
to the entire thickness of Al-4.3wt%Cu and Al-33.2wt%Cu ribbons. For Al-4.3wt%Cu ribbon, assuming one grain as a
single heterogeneous nucleation event at the contact point, the nucleation density with the wheel surface heated to 200°C,
was 4X 10°/mm’, and in the cases of BN coating with thin and thick layers, 10°/mm’ and 5 X 10*/mm’, respectively. The
largest cooling capacity of the wheel corresponded to the heated wheel surface, and as the thickness of BN coating layer

increased, the cooling capacity of the wheel gradually decreased.
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Fig. 1. Microstructures of Al-4.3wt%Cu ribbons produced under various wheel conditions; (fi) normal wheel, (b) heated to 200°C,
(c) thin layer of BN coating, and (d) thick layer of BN coating.
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Fig. 2. Microstructures of the air-side Al-4.3wt%Cu ribbons under various wheel conditions; (a) normal wheel, (b) heated to
200°C, (c) thin layer of BN coating, and (d) thick layer of BN coating.
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. 3. Cooling rate of the air-side surface of Al-4.3wt%Cu
ribbons under various wheel conditions.

Fig. 4. Microstructures of the wheel-side surface of Al-4.3wt%Cu ribbons under various wheel conditions; (a) normal wheel, (b)
heated to 200°C, (c) thin layer of BN coating, and (d) thick layer of BN coating.
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Table 2. Effect of wheel condition on the solidification behavior of the wheel side surface of the Al-4.3wt%Cu ribbon

Nucleation density at wheel- General features of wheel
side surface(/mm°) side surface of the ribbon
High contact region 10° « fine polygonal grains
Normal wheel Low contact region 3% 10° « straight-edge
condition ) . * sizes ranging from 0.3~ um
Non contact region clongated grains/ _
» array of elongated grains
cellular
High contact region 4x10° « uniform distribution of very fine
Heate:l 10 Low contact region 10° srains
200°C » polygonal
Non contact region elongated grains « sizes ranging from 0.1~1 pm
Hith contact region 10° « ambiguous grain boundary
BN coated Low contact region micro cellular » mixture of micro cellular and equi-
(thin) , : ) axed dendrites
Non contact region equi-axed dendrite
High contact region 5x 10
BN coated Low contact region micro cellular/ » mostly well developed equi-axed
(thick) equi-axed dendrite dendrites
Non contact region fully developed
equi-axed dendrite
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Fig. 5. Variation of the wheel contact behavior with the
wheel surface condition.
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Table 3. Result of image analysis (area ratio of dark field re-
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