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Solidification Structure of Functionally Graded Hypereutectic Al-Ni Alloys
Produced by Centrifugal Duplex Casting

Tatsuya Ohmi, Makoto Ueda®, Youichi Itoh, Kiyotaka Matsuura and Masayuki Kudoh
Division of Materials Science and Engineering, Graduate School of Engineering, Hokkaido University, Sapporo 060-8628

Solidification structures of Al-Ni and Al-Ni-Si alloys produced by Centrifugal Duplex Casting (CDC process) have been
investigated. The CDC process is applicable to the production of a cast pipe of an aluminum alloy with an ¢n séf# composite layer
containing fine intermetallic crystals. In this process, two molten metals, i.e. “‘the first melt” (aluminum or a hypoeutictic
aluminum alloy) and “the second melt” (a hypereutectic or hyperperitectic aluminum-transition metal alloy with a higher
liquidus temperature), are poured in sequence at a given interval into a roating mold of a centrifugal caster. Because the first
melt acts as a coolant, the second melt is rapidly quenched to precipitate extremely fine primary crystals when they are mixed

in the mold.

When the first melt of an Al-5 mass%Ni alloy and the second melt of an Al-30 mass% Ni alloy were used, the composite

173

layer in the CDC pipe consisted of the

refined composite layer” with fine intermetallic particles and the ““‘coarse composite

layer” with relatively coarse particles. The coarse composite layer is subdivided into two sub-layers, i.e. the layer with ac-

cumulated flaky particles and that with freely grown particles.

The refined composite layer was not formed when the first melt was aluminum whose melting point is higher than the
liquidus temperature of the Al-5 mass%Ni alloy. On the other hand, large clusters with fine Al3Ni crystals were formed when
the first melt was an Al-12 mass%Si alloy whose liquidus temperature is lower than the AI-AINi eutectic temperature.
However, these clusters did not form the refined composite layer but coexisted with flaky particles of AlsNi.
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Fig. 1 Macrostructures of a part of the transverse cross sec-
tion of the cast pipes produced by the conventional centrifugal
casting. y: distance from the outer periphery. (a) Al-10
mass%Ni alloy; (b) Al-7.5 mass%Ni-9 mass%Si alloy.
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Fig. 2 Macrostructure of the cast pipe produced by the CDC
process with the combination of the first melt of an Al-5
mass%Ni alloy and the second melt of an Al~30 mass%Ni al-
loy. Region A is the refined composite layer. Region (B4+C) is
the coarse composite layer, where Region B is the sub-layer
with accumulated flaky particles and Region C is the sub-layer
with freely grown particles.
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Fig. 3 Microstructures of (a) Region A, (b) Region B, (¢) Region C and (d) the “inner layer”” which is located in the inner side
of the composite layer. These photographs are back-scattered electron images taken using SEM. The bright particles are Al3Ni
crystals, and the dark matrix is aluminum solid solution (o—phase).
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Fig. 4 Microstructures of Region B observed on different sections. (a) A longitudinal cross section; (b) a section normal to the
direction of the centrifugal force.
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Fig. 5 Effects of the first-melt composition on the structure
of the composite layer. (a) Al; (b) Al-12 mass%Si alloy.
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Fig. 6 Microstructures of the composite layer shown in Fig. 5 (b). (a) Cluster structure; (b) structure near the cluster. The bright
particles are AlNi crystals, the dark matrix is e-phase, and the gray particles are silicon crystals.
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Fig. 7 Composition maps of a part of the cluster structure
shown in Fig. 5(b). (a) Al image; (b) Ni image; (c) Si image;
(d) COMPO image (back-scattered electron image).
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Fig. 8 Schematic illustrations of the formation mechanism of
the coarse composite layer. (a) Accumulation of intermetallic
flakes; (b) free growth of intermetallic crystals.
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Fig. 9 Profiles of volume fraction of Al3Ni phase, fy, meas-
ured on the transverse cross section of the AI-Ni pipes
produced by the CDC process.
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Fig. 10 Profiles of Vickers hardness, H, measured on the
transverse cross section of the Al-Ni pipes produced by the
CDC process.
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