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Abstract The effect of extrusion temperature on the microstructure and mechanical properties were studied in
He-gas atomized Aly, ,,,,Si,,Ni,Ce, alloy powders and their extruded bars using SEM, tensile testing and thermal
expansion testing. The extruded bar of Al,,Si,(Ni,Ce, alloy consists of a mixed structure in which fine Si particles
with a particle size below 20~500 nm and very fine AL,Ni, AL,Ce compounds with a particle size below 200 nm
are homogeneously dispersed in Al matrix with a grain size below 500 nm. With increasing extrusion temperature,

the microstructural scale was decreased. The ultimate tensile strength of the alloy bars has increased with decreas-
ing extrusion temperature from 500 to 350°C and Al,;Si,(Ni,Ce, alloy extruded at 350°C shows a highest tensile
strength of 810 MPa due to the fine nanostructure. The addition of Ni and Ce decreased the coefficients of thermal
expansion and the effects of extrusion temperature on the thermal expansion were not significant.
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Fig. 1. Cross-sectional SEM mlcrographs of Al,Si  (a)
and AlSi Ni,Ce,(b) alloy powders(-25 um) fabricated
by He-gas atomization.
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Fig. 2. X-ray diffraction patterns of gas atomized AlySi,, Al Si  Ni,Ce, s, AL Si,,Ni,Ce,, and AL,Si ,Ni,Ce, alloy powders

and extruded bars at 400°C.
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Fig, 3. Bright-field electvon micrograph of AL, St,Ni,Ce;
alloy extruded at 400°C and an extrusion ration of 10 : 1.
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Fig. 4. SEM mlcrographs of Al-Si and Al-Si-Ni-Ce alloy bar extruded from —25 um powders at 400°C and an extrusion
ration of 10 : 1. (a) Al Si,,, (b) Al Si;;Ni,Ce,,, and (c) AL,Si/Ni,Ce,.
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Fig. 5. SEM micrographs of extruded Al,Si ,Ni,Ce, bar from —25 um powders with dlﬂ'erent extrusion temperatures. (a)

350°C, (b) 400°C, (C) 450°C, (d) 500°C.
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Fig. 7. Vickers hardness of Al ., Si,Ni,.Ce, alloy with
different extrusion temperature.
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Fig. 8. Variation of elongation of Al ., SiNi Ce, alloy
with different extrusion temperature.
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Fig. 9. Scanning efectron micrographs showing the tensile
fracture surface of extruded Al,Si, alloy bar. (a) low
maghnification and (b) high magnification.
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Fig. 10. Scanning electron micrographs showing the tensile fracture surface of extruded Al,,Si,,Ni,Ce, alloy bar with extru-

sion temperature. (a) 350°C, (b) 400°C, (c) 450°C, (d) 500°C.
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Fig. 11. Scanning electron micrographs showing the high
magnification tensile fracture surfaces((a) and (b)) of
extruded Al Si Ni,Ce, alloy bar.
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Table 1. Coefficient of thermal expansion of Aly ..
SiNi Ce alloy bar with extrusion temperature

Alloys Extrusion Coefﬁciejnt of Ttllerr_rllal
Temperature (°C) Expansion (107'K™")
Al Si,oN,Ce, , 350 18.4
Lo 350 15.7
Al Si Ni,Ce, 400 15.8
350 15.3
A 400 15.3
AlL,Si | Ni,Ce, 450 15.4
500 154
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