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Effect of Si Particle Size on the Thermal Properties of
Hyper-eutectic Al-S1 Alloys
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Abstract

Hyper-eutectic Al-Si alloy is used much to automatic parts and material for the electronic parts because of the low coefficient
of thermal expansion, superior thermal stability and superior wear resistance. In this work, A390 alloy specimens were fabricated
for control of the Si particle size by various processes, such as spray-casting, permanent mold-casting and squeeze-casting. To
minimize the effect of microporosity of the specimens, hot extrusion was carnied out under equal condition. Each specimens were
evaluated tensile properties at room temperature and thermal expansion properties in the range from room temperature to 400°C.
Ulumate tensile strength and elongation of the spray-cast and extruded specimens which have fine and well distributed Si particles
were improved greatly compare to the permanent mold-cast and extruded ones. Specimens which have finer Si particles showed
higher ultimate tensile strength and elongation than those having large Si particle size, and coefficient of thermal expansion of the
spectmens increased linearly with Si particle size. In case of the repeated high temperature exposures, thermal expansion properties
of the spray-cast and extruded specimens were found to be more stable than those of the others due to the effect of fine and well
distributed Si particles. (Received May 30, 2003)
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Table 3. Experimental condition for the hot extrusion.

ARSElE o o] 29 Si YA =79 AR Ale] Diameter of extrusion die 50 mm®
7] S8 2Rz, SRR, BAFEZ osjd 7} Dic angle 180°
7o) AW Az & Ade) ALY A90FF  Ramspeed 22 mmlsec
9] 3}}FRAS Table 13 Zo} =3} ZF 2R A Extrusion ratio 25:1
A 2712 Table 29 At} 53| BAFRE] AvE Die temperature 400°C
Table 1. Chemical composition of Al-Si alloy(A390) used (wt.%).
Si Cu Fe Mg Ni Ti P Al
wt% 1748 3.67 042 .11 0.02 0.05 0.04 balanced
Table 2. Experimental conditions for each of the processes.
Permanent mold casting Squeeze casting Spray casting
Melt temperature 850°C 850°C 850°C
Pouring temperature 800°C 800°C 750~850°C
Mold temperature 200°C 200°C
Applied pressure 1000 kgf/cm®
Pressure Loading time 40 sec
Atomizing gas N,
Gas pressure 20 kgf/cm?
GMR 1.6
Flight distance of droplet 350 mm
Speed of the substrate S0 rp.m
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Fig. 1. Typical images, size and aspect ratio distribution of the Si particles after extrusion : (a) Permanent mold casting, (b) Squeeze
casting, (¢) Spray casting(D and (d) Spray casting@®.
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Fig. 2. Ultimate tensile strength and elongation versus average
size of the primary Si particles.
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Table 4. Variation of size and aspect ratio of Si particles of the cast specimens before and after hot extrusion, and U.T.S and

elongation of the extruded specimens.

Permanent Mold Casting Squeeze Casting Spray Casting® Spray Casting(2)

As casted extruded Ascasted extruded Ascasted extruded Ascasted extruded
Average Si ParticleSize (um) 270 20.3 243 18.5 29 2.0 1.3 1.1
Average Aspect Ratio 3.1 3.0 3.1 3.0 29 2.8 1.8 1.8
gg;‘)ate TensileStrength 187.6 208.2 305.2 317.2
Elongation (%) 2.01 2.40 3.62 3.95
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Fig. 3. Variation of percent of linear change and coefficient of thermal expansion by hot extrusion : (a) Permanent mold casting and
(b) Squeeze casting.
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Fig. 5. Relationship between coefficient of thermal expansion
(25-200°C) and Si particle size.
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