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Hardness and Wear Resistance of Funetionally Graded Hyperperitectic Al-Cr Alloys
Produced by Centrifugal Duplex Casting

Tatsuya Ohmi, Yoshiaki Kimuraf, Youichi Itoh,
Kiyotaka Matsuura and Masayuki Kudoh

Division of Materials Science and Engineering, Graduate School of Engineering, Hokkaido University,
Sapporo 060-8628

Centrifugal Duplex Casting (CDC process) is applicable to produce an aluminum-cast pipe with an in-situ
composite layer containing fine intermetallic crystals. In this process, two kinds of molten metal, 7.e. molten
aluminum (the first melt) and molten Al-Cr alloy with a higher liquidus temperature (the second melt), are cast
in sequence at a given interval into the rotating mold of a centrifugal caster.

In the present paper, the solidification structure, hardness and wear resistance of Al-Cr alloy pipes produced
by the CDC process were investigated. In the composite layer, there was a slightly graded hardness distribution:
the hardness decreased gradually as the distance from the outer periphery of the pipe increases. The profile of
hardness resembled that of the volume fraction of intermetallic crystals. The hardness and wear resistance of the
outside surface of the CDC pipes increased as the chromium concentration of the second melt or the rotation speed
of the mold increased.

The pipes with coarse intermetallic crystals, which were produced by the conventional centrifugal casting
process, were fractured in the course of wear tests. On the other hand, the CDC pipes exhibited homogeneous-
wear behavior because of the refinement of intermetallic crystals.

(Received August 24, 1998; In Final Form November 24, 1998)
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Fig.1 Macrostructure of a part of the transverse cross sec-
tion of a CDC pipe produced with the combination of Al and
Al-10 mass% Cr alloy. The rotation speed of the mold, N, was
2971,
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Fig. 2 Effect of the Chromium concentration of the second
melt, ¢;, on the hardness distribution in the radial direction of
the CDC pipes. y : Distance from the outer periphery of the
specimen. H : Vickers hardness.

Fig. 3 Microstructures near the outer periphery of the CDC
pipes. White particles are the intermetallic crystals. (a) c;=10
mass%, (b) ;=20 mass%.
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Fig. 4 Relationship between the volume fraction of inter-
metallic crystals, fv, and the hardness of the clusters of fine
intermetallic crystals in the specimens produced by the CDC
process () and Injection Quenching® (\/ and A\). The ar-
rows indicate the calculated values of fy for Al-5, 10 and 20
mass % Cr alloys.
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Fig. 5 Spongy structure of accumulated intermetallic crystals
observed on Fig. 3(a).
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Fig. 6 Effect of the rotation speed of the mold, N, on the
hardness distribution in the CDC pipes.
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Fig. 7 Distribution of the volume fraction of intermetallic
crystals, fy, in the CDC pipes.
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Fig. 8 Distribution of the mean particle size of the inter-
metallic crystals, d, in the CDC pipes.
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Fig. 9 Effects of ¢; and N on the hardness near the outer
periphery of the CDC pipes.
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Fig. 10 Results of the wear tests for the specimens produced
by the CDC process and the conventional centrifugal casting
process.
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Fig. 11 Worn surfaces of the Al-2.5 mass%Cr alloy speci-
mens produced by (a) the conventional centrifugal casting and
(b) the CDC process.
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