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Abstract Despite the improved formability and processing advantages, the use of semi-solid metals is greatly limited
due to the difficulties in controlling the optimum forming parameters. In the present study, the tensile properties of
closed die, pressure formed semi-solid A356 alloy were examined. [t was demonstrated that the tensile strength of
thixoformed A356 alloy could be greatly reduced when the forming parameters were not rigorously controlled. The re-
duced strength of unappropriately formed products appeared to be related to the coarsening of the primary phases. The
possibility of improving tensile properties of as-formed products by simple post heat treatment was also assessed.
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Table 1. Reheating and forming condition for semi-solid A356 alloy used in the present study.

Reheating Temp. | Reheating Time Die Diameter Die Temp. Pressuré Pressure Holding
(c) (min.) (mm) (¢ _ (MPa) _ Time (sec.)
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Fig. 1. Optical micrographs of semi-solid A356 alloys along (a)
longitudinal and (b) transverse directions, respectively, and
after (¢) T6 heat treatment.
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Fig, 2. Sideviews of tensile fractured semi-solid A356 alloys: (a)(b) as-received and (c) T6 heat treated, respectively.

Table 2. Mechanical Properties of as-received and T6
treated semi-solid A356 alloy.

Temper YS UTS |Elongation Comm;;
Designation| (MPa) (MPa) (%)
A oql 182 236 15.4
sTreceved T g 220 14 ref. 8
253 300 88
6 240 320 12 ref. 8
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Fig. 3. SEM fractographs of tensile fractured semi-solid A356
alloys: (a) as-received and (b) T6 heat treated, respectively.
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Table 3. Mechanical properties of thixoformed A356 alloys.

Process Heat Treatment Condition S;:Sl ilﬁg;g (B}[(Ifa) ([I\J/IT]:) Elon(gz)txon. Comments
as- formed center 88 153 26
S S F* circumference 92 164 27
T6 center 246 286 6.9
circumference 232 285 9.7
P.M.C** T6 186 262 5 ref. 8
CDF*™ T6 280 340 9 | ref. 8

* S.S.F.: Semi-solid Forming
* P.M.C. : Permanent Mold Casting
***C.D.F. : Closed Die Forging
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Fig. 4. Optical micrographs of semi-solid A356 alloys after thixoforming: as-formed along the (a) longitudinal and (b) transverse di-
rections, respectively and T6 heat treated along (c) longitudinal and (d) transverse directions, respectively.

Fig. 5. Sideviews of tensile fractured semi-solid A356 alloys Fig. 6. SEM fractographs of tensile fractured semi-solid A356
after thixoforming: (a) as-formed and (b) T6 heat treated, alloys after thixoforming: (a) as-formed and (b) T6 heat treat-
respectively. ed, respectively.
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Table 4. Mechanical Properties of thixoformed A356 alloy
with post heat treatment.

Post- processing YS UTS | Elongation
Condition (MPa) | (MPa) (%)
577°C-8min+ WQ 153 273 185
577°C-8min+ AC 113 226 23
577C-8min+WQ-+T6| 269 329 7.3

Fig. 7. Sideviews of tensile fractured semi-solid A356 alloys
after thixoforming. Pictures were taken in the (a) fracture area
and (b) 10mm away from the fractured area.
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Fig. 8. Changes in tensile properties of semi-solid A356 alloys
after each processing step: (a) without T6 heat treatment and
(b) with T6 heat treatment, respectively.
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Fig. 9. Optical micrographs of semi-solid A356 alloys after
thixoforming and post treatment: (a) as-post treated and (b) T6
heat treated, respectively.

Fig. 10. Optocal sideview and SEM fractograph of semi-solid
A356 alloys after thixoforming and post treatment: (a) sideview
and {b) fracture surface, respectively.
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Fig. 11. Macroscopic views of proportional valve shape, made of
semi-solid A356 alloy: (a) as-formed, (b) heated at 577°C for
15minutes and (c) heated at 580°C for 15minutes, respectively.
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