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Centrifugal Casting of Al-Cr—Cu Alloy Slurry, Structure—Controlled
by Two—Step—Stir-Mix—Quenching Process

Tatsuya Ohmi, Hiroshi Jinmon™® and Masayuki Kudoh
Division of Materials Science and Engineering, Graduate School of Engineering, Hokkaido University, Sapporo 060-8628

We developed a two—step stir, mix, and quenching (SMQ) process to produce an Al-Cr-Cu alloy slurry with a high volume
fraction of fine primary intermetallic crystals. In this process, we used a hypoeutectic Al-Cu alloy melt for the first melt and a
hyperperitectic Al-Cr alloy melt with a higher liquidus temperature for the second and third melts. In the first step of the process,
we stir—cast the first melt in a vessel to produce a semi—solid slurry containing aluminum solid solution (c—phase), and then mixed
the second melt into the slurry. The hypoeutectic A1-Cu alloy slurry acted as a coolant, whose apparent heat capacity is enhanced
by the latent heat of fusion of e—phase. The second melt was thus rapidly quenched, precipitating numerous primary intermetallic
crystals when it contacted the slurry. In the second step of the process, we cooled the mixed alloy slurry while agitating it until it
crystallized a certain quantity of o—phase, and then quenched the third melt into the slurry. An Al-6.7 mass % Cr—1.8 mass % Cu al-
loy slurry produced by this process was centrifugally cast to produce a tubular casting with thin, flange-like part. In the major por-
tion of the tubular casting, fine primary intermetallic crystals were uniformly distributed. The average size of the primary crystals
was 15+ 2 (um), and their volume fraction was 0.22+0.05.
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Table 1 Compositions and mass ratios of the alloys used in the
stir-mix—quenching (SMQ) experiments.

(mass%)
First Second Third Mass
No. melt melt melt Ratio Product
1 AlH4%Cu Al-12%Cr — 4:5  Al-6.7%Cr-1.8%Cu
Al-4%Cu Al-20%Cr 2:1 Al-6.7%Cr-2.7%Cu
3 Al-4%Cu Al-12%Cr AlF12%Cr 4:2:3 Al-6.7%Cr-1.8%Cu
(a)

(b)

Fig. 1 Schematic illustration of the experimental apparatus.
(a) Apparatus for stir-mix—quenching. (b) Mold part of the
vertical centrifugal caster.

D First melt. @ Second melt. @ Stirrer. @ Thermocouple.
® Plaster mold.
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Fig. 2 Microstructures of the semi-solid slurry quenched at
933 K. (a) Al-6.7%Cr-1.8% Cu alloy slurry produced by con-
ventional stir-casting. (b) SMQ slurry (No. 1, f5;=0). (c)
SMQ slurry (No. 1, f5;=0.37). (d) SMQ slurry (No. 2, fs;=
0.37).

fs1: Fraction solid of the first melt just before the first mixing.
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Fig. 3 Changes in the volumetric fraction of 8 phase in the se-
cond melts, fys, with elapsed time from mixing, ty;, during the
SMQ experiments: (a) No. 1, f5;=0.37. (b) No. 2, f5;=0.37.
The fy» data were calculated from the time-temperature curves
by using the lever rule. The second melts are assumed to be
completely segregated in the mixed alloys.

¢;: Chromium concentration of the second melt.
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Fig. 4 Typical time-temperature curve measured in the two—

step SMQ experiment with combination No. 3. Constituent
phases of the slurry: © L+, @ L+a+pand @ L+p.

Composition
(a) Al-4%Cu

(b) Al-4%Cr-2. 7%Cu
(c) Al-6.7%Cr-1. 8%Cu

Fig. 5 Changes in the microstructure of the semi-solid slurry
during the two—step SMQ process. The specimens shown in (a)
to (c) were quenched from temperatures (D to @ indicated in
Fig. 4.
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Fig. 6 Macrostructures near the thin—walled part of the Al-
6.7%Cr-1.8%Cu alloy castings produced by (a) conventional
centrifugal casting and (b) centrifugal casting of the two—step
SMQ slurry.

yo: Distance from the outermost position of the thin-walled part.
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Fig. 7 Microstructures of the centrifugally cast specimens
shown in Fig. 6.

(a) Thin-walled part (yo=5mm) in Fig. 6(a). (b) Body part
(yo=15mm) in Fig. 6(a). (¢) Thin—-walled part in Fig. 6(b).
(b) Body part in Fig. 6(b).
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Fig. 8 Profiles of mean particle size, d, and volume fraction,
fv, of intermetallic crystals in the radial direction of the cen-
trifugally cast specimens. Used slurry: (a) Al-2.5%Cr alloy
slurry produced by using the combination of Al and Al-10%Cr
alloy melts®; (b) Al-6.7% Cr-1.8% Cu alloy slurry produced by
the two-step SMQ process.
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