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Laser Surface Modification of AI-Cr Alloy Castings Produced by Centrifugal Duplex Casting
Tatsuya Ohmi, Kazuhisa Takahashi®* and Masayuki Kudoh
Division of Materials Science and Engineering, Graduate School of Engineering, Hokkaido University, Sapporo 060-8628

Effects of surface modification by a laser remelting process on the structure and hardness of surface composite castings of
hyperperitectic AI-Cr alloys have been investigated. These castings were produced by either Centrifugal Duplex Casting (CDC
process) or conventional centrifugal casting. The CDC process is applicable to the production of a tubular casting with an in—sifu
composite layer containing fine intermetallic crystals. On the other hand, there are coarse intermetallic crystals in the composite
layer of the tubular castings produced by the conventional centrifugal casting.

The intermetallic crystals in the laser—melted zone in each specimen were extremely refined regardless of their original size.
However, many cracks were observed in the coarse intermetallic crystals near the melted zone on the specimen produced by the
conventional centrifugal casting. On the contrary, no such defect were seen in the CDC specimens with finely dispersed inter-
metallic crystals. In these specimens, the hardness of the melted zone was about 50 % higher than the substrate. Furthermore, ad-

dition of Cu was effective for the hardening of both of the substrate and the melted zone.
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Table 1 Compositions of alloys used in the experiments. Speci-
mens No. 1 to No. 4 were produced by Centrifugal Duplex Cast-
ing. Specimen No. 5 was produced by the conventional cen-
trifugal casting.

Specimen No.  First melt Second melt Product
1 Al Al-10%Cr Al-2.5%Cr
2 Al Al-15%Cr A1-3.75%Cr
3 Al Al-20%Cr Al-5%Cr
4 Al-4%Cu  Al-15%Cr-2%Cu  Al-3.75%Cr-3.5%Cu
5 AL-5%Cr A-5%Cr
(Unit of concentration: mass %)
spout mold

[(Mixing Zone]

“fluid clumps of

second melt the second melt

rotational
direction

Fig. 1 Schematic illustration of the basic concept of Cen-
trifugal Duplex Casting.12.13)
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Fig. 2 Schematic illustration of the laser treatment.
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(a)

Fig. 3 Macrostructures showing the formation of the compo-
site layer in the tubular castings.

(a) Specimen No. 5 produced by the conventional centrifugal
casting. (b) Specimen No. 1 produced by Centrifugal Duplex
Casting.
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Fig. 4 Hardness profiles in the radial direction of the speci-
mens No. 5 (a) and No. 1 (b).

y : distance from outer periphery of the specimens.

H: Vickers hardness (the average of five measurements).
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Fig. 5 Structures of the melted zone in the laser-treated
specimen No. 1. (a) Polished surface (optical micrograph). (b)
Cross—sectional view (back-scattered electron image by SEM).
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Fig. 6 Microstructures near the boundary between the melted zone and substrate in the specimens No. 1 (a), No. 2 (b), No. 3 (¢)
and No. 5 (d).

Fig. 7 Microstructures in the melted zone in the specimens No. 1 (a), No. 2 (b), No. 3 (¢) and No. 5 (d).



Fig. 8 Magnified view of the boundary between the melted
zone and substrate in the specimen No. 3.
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Fig. 9 Relationship between the solute content in Al-Cr al-
loys, ¢cr, and the volume fraction of Al;Cr phase, fv, just below
the peritectic temperature, 934 K.
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Fig. 10 Structures of the laser—treated specimen No. 4. (a)
Microstructures near the boundary between the melted zone
and substrate. (b) Melted zone.
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Fig. 11 Hardness profile across the melted zone in the speci-
men No. 1.

DRHHICBIT 5B, SROBETHS.

4. #

il

BEEH#A SR OEEGEIC L0 R L 7280 Al-Cr R &
SEEMOBEBALEZ L — Y HERAB L, kS LI
RIZIHEefE L. BONRREUTICENT 5.



1044 H A& & & =% = 55(2001)

| — H51 /HVS

tzza Hgy /HV0. 025
200+ ]
) ,/HVO._025

100r 1

K /(HVS or HVO.025)

Hardness,
—

1 2 3 4 5
Specimen Number

[=1

Fig. 12 Effect of the laser treatment on the hardness.
Hs;: average hardness of the substrate.

Hsy: average microhardness of the substrate.

H)y: average microhardness of the melted zone.
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