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Fabrication of Lower Thermal Expansion Aluminium Alloys
by Spray-casting Process

Chong-Sung Park, Jeong-Keun Lee and Myung-Ho Kim

Abstract

In order to fabricate lower thermal expansion aluminium alloys, the effects of microstructural parameters such as the
volume fraction of SiC, and the shape and size of Si phase on the coefficient of thermal expansion(CTE) of the spray-cast
and hot-extruded hypereutectic Al-Si(A390) alloy composites were investigated experimentally. The CTEs of hypereutectic
Al-Si (A390) alloy were changed proportionally with the size of Si phase. Ultimate tensile strength, elongation and Young's
modulus of the spray-cast and hot-extruded specimen were improved dramatically compared to those of the permanent mold-
cast specimen. Although Young's modulus of the spray-cast and hot-extruded specimen was improved highly effectively by
addition of SiC,, no improvement was observed for the UTS and elongation. Spray-cast and hot-extruded hypereutectic Al-

St (A390) alloy reinforced with 20vol.%SiC, exhibits a CTE equivalent to stainless steel. (Received February 28, 1997)
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Table 1. Chemical composition of the premodified Al-Si
alloy (A390) used (wt.%).

Cu Fe Mg | Ni
485 1 017 | 0.65 | 0.02

Si
17.34

Ti
0.01

P
0.004

Al

balanced

Table 2. Experimental conditions for each of the casting

processes.
Permanent Mold |Spray Casting
Casting

Melt Temperature 850°C 850°C
Pouring Temperature 800°C 800°C
Mold Temperature 200°C -
Atomization Gas - Nitrogen
Atomization Pressure - 20 kgf/fem’
GMR - 1.6
Flight Distance of Droplet - 350 mm
R.P.M. of the Substrate - 50 r.p.m.
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Fig. 1. Schematic of the particle injection method for
fabrication of composite preforms.
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Fig. 2. Variation of the mass flux of SiC particles with gas
pressure.
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Table 3. Experimental conditions for SiC-particle injection.

£ 10 mmo o, G71tEA

dZE)+= 1ume] diamond
paste 2 <1v}3t % modified Kellers solution® 2
£k ol Ashed FehalnlZModel
ERER

—

I

(2 r-IE M

Particle size #1500 (10 pm)

Dia. of injection nozzle | 4 mm¢

Gas pressure 10vol.%SiC, 3.5 kgf/cm®
20vol.%SiC, 5.0 kgf/cm®

Particle temperature 20°C

Particle spray angle 30°C

Table 4. Experimental conditions for the hot extrusion.

Diameter of extrusion die 50 mmé
Die angle 180°
Ram speed 2.2 mm/sec.
Extrusion ratio 25:1
Die temperature 400°C
Billet temperature 470°C
Extrusion pressure 670 MPa
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Fig. 3. Optical microstructure of (a) spray-cast composite
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(20vol.%SiC, added).
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C: Spray-cast & hot-extruded composite specimen(10vol.%SiCp added)
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D: Spray-cast & hot-extruded composite specimen(20vol.%SiCp added)
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Fig. 4. Typical images and size distributions of the Si phase measured by Image Analyzer.
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A: mold-cast & hot-
extruded specimen

8. spray-cast &

hot-extruded specimen

D: 20vol.%SiC, added
composites

C: 10vol.%SiC, added
composites

Fig. 8. Optical microstructures of the gauge length parts in the tensile tested specimens.
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Fig. 9. Variation of UTS and elongation with the size of Si
phase.
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Fig. 10. Thermal expansion coefficients of the hypereutectic
Al-Si alloys (A390).
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