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ABSTRACT The Al-12%Ni hypereutectic alloy (mass fraction) from pure Ni and Al (99.9%) was
induction melted and directionally solidified at constant growth rates ranging from 1 pum/s to 100 pum/s
and abrupt change of growth rate were carried out in a Bridgman—type furnace. After solidification,
the samples were quickly quenched into liquid Ga—In—Sn alloy to preserve the microstructure. The
microstructures of the samples were observed using OM and SEM. It was indicated that at a growth
rate of 1 um/s, after experiencing a certain growth distance, the primary AlsNi phase disappeared and
the coupled growth of eutectic could be obtained. The morphology of Al3Ni phase was faceted when it
was the leading phase at growth rates from 2 pum/s to 100 pm/s. The result of experiments with abrupt
change of growth rate indicate that the initial microstructure before abrupt change of growth rate de-
termine the microstructure after abrupt change of growth rate. Only if there existed no coarse primary
Al3Ni phase before abrupt change of growth rate could entirely coupled eutectic structure be obtained
at relatively higher growth rates. After abrupt change of growth rate, the growth of primary Al3Ni
phase was suppressed and the coupled eutectic could grow continuously without any coarse primary
phases. The strength and plasticity could be improved effectively through directional solidification.
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Besides, the elongation of Al-12%Ni alloy could be greatly improved by the abrupt change of growth

rate during directional solidification.

KEY WORDS eutectic alloy, directional solidification, microstructure evolution, solidification

mechanism
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Table 1 Experiments with different abrupt changes of growth

rates
Sample No.  vg, um/s lop, mm o1, pm/s [;, mm
A 1 14.4 15 25
B 1 21.6 15 25
C 2 25.0 15 25
D 1 21.6 50 25
E 1 21.6 200 25

Note: vg—growth rate before abrupt changes of growth
rate during directional solidification, lop—growth
distance before abrupt changes of growth rate
during directional solidification, v1—growth rate
after abrupt changes of growth rate during di-
rectional solidification, l;—growth distance after
abrupt changes of growth rate during directional

solidification
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Table 2 Tensile test of different solidification structures

Growth condition wvg, pm/s lp, mm v1, pm/s I3, mm

Constant growth rate 10 90 - -
Abrupt change 1 20 50 80
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Fig.1 Typical microstructure of directionally solidified Al-12%Ni alloys at growth rates v=1 pm/s (a), v=2 pm/s

(b) and v=100 pm/s (c) (The white and black arrows correspond to the initial solid/liquid interface and the

quenched solid/liquid interface during directional solidification, respectively)
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Fig.2 Morphologies of solid/liquid interface (al—d1) and eutectic interface (a2—d2) in directionally solidified
Al-12%Ni alloys at v=1 pm/s (al, a2), v=2 pm/s (bl, b2), v=10 pm/s (cl1, c2) and v=100 pm/s (d1, d2)
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Fig.3 Morphologies before (al—c1) and after (a2—c2) abrupt change in directionally solidified Al-12%Ni alloy

specimens A (al, a2), B (b1, b2) and C (cl, c2)
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Fig.4 Morphologies before (al—c1) and after (a2—c2) abrupt change in directionally solidified Al-12%Ni alloy
specimens B (al, a2), D (b1, b2) and E (cl, c2)
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Fig.5 Microstructure of transverse sections in directionally solidified Al-12%Ni alloy at v=1 um/s and the cor-

responding local microstructures (b—g) (The white arrow corresponds to the initial solid/liquid interface

during directional solidification)
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Fig.8 Variation of microstructure with growth distance in directionally solidified Al-12%Ni alloys at v=10 pum/s

(The white arrow in Fig.8a corresponds to the initial solid/liquid interface where directional solidification

initiates)
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Fig.9 Nominal stress—strain curves of Al-12%Ni hypereu-
tectic alloys under different solidification conditions

SEAH, BTLABARBREEMRT 10 pm/s fEIRE (M5 B9 4147,
{HIA R 4T
4 ik

(1) fEE KRR 1 pm/s B, AI-12%Ni o L5454
& B AL A el AT AlsNi Az K AT AT A
VIR BE R, A BE S ) /YR 3 T i v VRO
W BE IR B U A B, PR G LA, AR R
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