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Centrifugal Casting of Ni-Al Intermetallic Compounds Produced

by Thermite-Type Combustion Synthesis

Tatsuya Ohmi, Yasuhiro Murota*!, Kazuhiko Kirihara*? and Masayuki Kudoh

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

Centrifugal precision casting of Ni-Al alloys produced by a thermite-type combustion synthesis has been examined. The
compositions of the alloys were Ni- (25, 31, 37, 43 and 50) mol% Al. A graphite mold and a green compact of reactants consisting
of Al, Ni and NiO were set in a centrifugal caster. The mold had a cylindrical cavity (15-mm diameter and 10-mm length) with a
slender sprue (4-mm diameter). When the combustion synthesis reaction was induced in the centrifugal force field, the synthe-
sized molten Ni-Al alloy flew into the mold. This process was successfully applied in casting the synthesized Ni-Al alloys. On the
other hand, the alloys did not flow into the mold under 1G. The formation of pores in the centrifugally cast alloy varied depending
on the alloy composition: (1) The Ni-25 mol% Al and Ni-31 mol% Al alloys had very little porosity. (2) The Ni-37 mol% Al alloy
had numerous micropores. (3) The Ni-43 mol% Al and Ni-50 mol% Al alloys had many macroscopic pores.
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Fig. 1 Schematic illustration of experimental apparatus. O
green compact, @ graphite mold, @ alumina container, @
heating coil, ® thermocouple, ® inner steel container, @ outer
steel container, ® electric source, (9 graphite brush, @0 slip
ring.
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Fig. 2 Longitudinal cross section of Ni-Al alloys produced by
a combustion synthesis (¢=0) in a alumina crucible under 1 G.
(a) Ni-50 mol% Al (b) Ni-25 mol% Al'2),

(a)

Fig. 3 Longitudinal cross section of Ni-25mol%Al alloy
specimens produced by a thermite-type combustion synthesis
in a alumina crucible under 1 G. (a) 2=0.23. (b) ¢=0.25.
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Fig. 4 Ni-25 mol% Al alloy specimens produced by using a
graphite mold. (a) Specimen produced under 1 G (Ni-Al alloy
that did not flow into the mold cavity). (b) Specimen produced
by the centrifugal casting. a=0.25.
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Fig. 5 Distribution of alumina particles in Ni-25 mol% Al al-
loy specimens. (a) Specimen produced under 1G. (b) Speci-
men produced by the centrifugal casting.
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Fig. 6 Longitudinal cross section of centrifugally cast alloys.
(a) Ni-50 mol% Al alloy. (b) Ni-31 mol% Al alloy. (c) Ni-25
mol% Al alloy.
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Fig. 7 Microstructures of specimens produced by the cen-
trifugal casting. (a) Ni-50 mol% Al alloy (NiAl). (b) Ni-31
mol% Al alloy (NiAl+NizAl). (c) Ni-25 mol% Al alloy (NiAl+
NizAl.

Table 1 Macroscopic porosity and the constituent phases
which crystallized during solidification in the centrifugally cast
Ni-Al alloys. The porosity is designated by a area percent of
macroscopic pores measured on the longitudinal cross section of
the specimens.

Al content, ¢y /mol% Porosity, 7(%) Phases
25 0.04 NiAl+ NizAl
31 0.02 NiAl+ Ni,Al
37 0.09 NiAl
43 13.85 NiAl
50 14.45 NiAl
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Fig. 8 Micropores formed in the centrifugally cast Ni-37 mol%
Al alloy.
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Fig. 9 Formation mechanisms of pores in the centrifugally cast
Ni-Al alloys. (a) Ni-50 mol% Al and Ni-43 mol% Al alloys. (b)
Ni-37 mol%Al alloy. (c) Ni-31mol% Al and Ni-25 mol% Al
alloys.
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