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Microstructure and Properties of Squeeze Cast ACSA MMC
Reinforced with Ni-aluminide
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Abstract

AC8BA matrix composites reinforced with Ni-aluminide were fabricated by squeeze casting process, and the
characteristics and nature of the growth of Ni-aluminide phases at the interface between nickel and aluminum were
investigated. In the as-cast composites, the reaction layer between Ni skeleton and aluminum matrix was found to be NiAl,,
regardless of the casting temperatures and the kinds of preforms. During high temperature solution treatment the NiAl,
layer grew and formed new Ni,Al, layer. Because of presence of the porosity formed by Kirkendall effect at the interface
between NiAl, and aluminum matrix, the tensile strength of composites was inferior to that of AC8A matrix alloy.
However, the composites exhibited superior wear resistance due to the formation Ni-aluminide intermetallic phases.

Composite A, of which Ni skeleton was fully transformed into Ni-aluminide, shows better wear resistance than that of
composite B which still possessed some unreacted Ni skeleton.
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Table 1. Classification of Ni preforms

thickness thickness of |Porosity| purity
of preform | Ni skeleton (um);{ (%) (%)
(mm) | FAF | 23
preform A 1.5 10 40 |- 96.7 | 99.7
preform B 3.5 40 60 95 99.8

Fig. 1. SEM and optical micrographs of high porous Ni preforms; (a,c) preform A and (b,d) preform B.
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Fig. 2. Schematic representation of squeeze casting process.

Table 2. Experimental conditions for squeeze casting process

Parameter Condition
A B C
Pouring Temperature 750°C 850°C 950°C
Mold Temperature 250°C
Applied Pressure 1000 kg/cm’
Pressure Holding Time 40 sec.
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Fig. 3. Schematic diagram of wear tester.

Table 3. Chemical compositions of as-received AC8A ingot and squeeze cast specimens

ACBA Cu Fe Si Mg Ti Ni Na Al
As-received 1.12 0.19 11.99 1.20 0.10 1.33 - Balanced
750°C squeeze cast 1.44 0.22 12.16 1.27 0.11 1.39 0.020 Balanced
850°C squeeze cast 1.48 0.25 11.85 1.17 0.16 1.48 0.007 Balanced
950°C squeeze cast 1.41 0.21 11.90 1.33 0.10 1.38 0.005 Balanced
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W: specific wear rate(mm®/kg)
B: width of disc

b: wear width

r: radius of disc

P: applied load

I: sliding velocity
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Fig. 4. Microstructure of squeeze cast AC8A matrix
composites reinforced with Ni preforms.
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Fig. 5. Backscattered electron (BE) image of squeeze cast
specimen.

Table 4. Summary of WDS analysis for the as-cast specimen

Position| Description of At. Pct Possible Phase in
the position Al Ni Al-Ni Diagram
1 Ni skeleton 0.16 | 99.84 Ni
2 interior 75.14 | 24.86 NiAl,
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Fig. 9. SEM micrographs of heat treated specimen; (a) BE image, (b) Al mapping, (c) Ni mapping and (d) Si mapping.
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Table 5. Summary of WDS analysis for the heat treated speci-

men
Position | Description of the | At. Pct |Possible Phase in
position Al Ni | Al-Ni Diagram
1 Ni skeleton interior| 0.02199.98 Ni
2 light gray layer |59.0340.97 Ni,Al,
3 medium gray layer| 74.84 |25.16 NiAlL,
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Fig. 13. Formation of the typical layer in Ni-Al diffusion
couples; 500°C; (a) 1 hrs., (b) 4 hrs. and (c) 21 hrs.
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Table 6. Hardness of composites A, composites B and ma-
trix (AC8A) for the specimens cast at various tem-

peratures
Casting Hardness (HRB)
Temperature |  gpecimen | As-cast [Solution treated| Aged
ACBA 39.7 279 69.9
750°C | composites A| 46.6 37.7 74.6
composites B| 49.9 48.4 75.4
ACBA 41.5 26.0 74.6
850°C  [composites A| 48.6 41.0 76.2
composites B| 50.8 45.3 74.9
AC8A 41.3 30.2 71.7
950°C | composites A| 46.1 39.6 75.7
composites B| 53.8 47.7 75.8
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Fig. 16. SEM views of the surface region in wear specimen of composites; (a) composites A, (b) composites B, (¢) Ni mapping .

- of (a), and (d) Ni mapping of (b).
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