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Solidification Characteristics of Al-Cu Polycrystalline
Ribbons in Planar Flow Casting

Kyung-Ku Lee, Sang-Mok Lee and Chun-Pyo Hong*
Abstract

Polycrystalline Al-Cu ribbons were produced by planar flow casting(PFC). Solidification behav-
ior and microstructual changes of the ribbons have been investigated as a function of ribbon
thickness and processing parameters. The solidification front velocity, V varies within the ribbon,
decreasing with increasing the distance, S from the wheel-contact surface, as V=17.65"". In Al-
4.5wt%Cu alloy, rapid decrease in solidification velocity toward the free surface causes a change
in solidification morphology from planar to cellular, and finally, to dendritic. The length and inch-
nation of columnar grains solidified with planar front were related to the wheel velocity. The
transition from particulate degenerate eutectic structure to regular lamellar eutectic structure was
observed to be caused by a difference of the relative growth velocites of e~ Al and § during
solidification in the Al-Cu eutectic alloy.
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Fig. 1. Schematic drawing of experimental appara-
tus for PFC.
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ent microstructure in Al-4.5wt%Cu ribbon
sohdified with a wheel velocity of 15.7m/s.
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Fig. 3. Variation in microstructure across the thick-
ness of Al-4.5wt%Cu ribbon solidified with
a wheel velocity of 7.9m/s.

Table 1. Solidification characteristics of Al-4.5wt% Cu ribbon with various wheel velocities

wheel velocity thickness dwell time puddle length | S/L velocity of | cooling rate of
(m/s) (1am) (sec) (mm) air-side(mm/s) | air-side(K/s)
3.93(250rpm) 206.0 0.00123 4.8 85.43 1.08 x 10*
7.07(450rpm) 125.1 0.00054 3.8 140.69 2.94 x10*
9.42(600rpm) 70.5 0.00035 3.3 249.64 9.26 x 10*
12.57(800rpm) 58.6 0.00023 2.9 300.34 1.34x10° |
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Fig. 4. Variation In microstructure across the thick-
ness of Al-4.5wt%Cu ribbon as a function
of the wheel velocity : (a)15.7m/s, (b) 23.
6m/s, (¢) 39.3m/s, and (d).47.1m/s.
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Fig. 5. Transmission electron micrographs of Al-4.
5wt % Cu ribbon solidified with a wheel veloc-
ity of 23.6m/s : (a) wheel side and (b) free
side.
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- Table 2. Average columnar graine size, volume fraction of guenched columnar layer and average deflection
angle of columnar grain as a function of wheel surface velocity measured in Al-4.5wt%Cu ribbon

heel velcity (m/s) Lo7 25 o oon
wheel velcity(m/s (1000rpm) (1500rpm) (2500rpm) (3000rpm)
average f:olumnar grain 175 15 6.5 5.3
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22 38 50
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average dczf lf;:tlon angle 0 9 12 15
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Fig. 6. Optical micrograph of longitudinal cross sec-
tion through the thickness of Al-33.2wt%Cu
ribbon.
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Fig. 7. Transmission electron micrographs of Al-33.2wt%Cu ribbon : (a) BF image of wheel side, (b) SADP
of (a), (¢) DF image of 8, (d) transition zone, and (e) BF image of free side.
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Fig. 8. Schematic diagram of Al-Cu eutectic microstructure as a function of the relative growth velocities[ 15 ]
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