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Microstructures and properties of Al-Si-Mg-Y alloy with
vibration-pressure solidification in lost form casting

ZHAO Zhong, FAN Zi-tian, CHENG Ping, JIANG Wen-ming, TONG Xuan-pu

(State Key Laboratory of Material Processing and Die and Mould Technology,
Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: Al-7Si-0.8Mg-0.3Y (ASMY) alloy was produced with vibration-pressure solidification in lost foam casting
(LFC). The microstructure and mechanical properties of the as-cast and T6 heat treatment ASMY alloys were investigated
by SEM, XRD, DSC and TEM. The results indicate that a small amount of short rod-like Al;Y particle generates at the
grain boundary of the as-cast ASMY alloy. In the T6 heat treatment process, the rare-earth Y or ALY has a certain
inhibition for the precipitation and aggregation of Mg,Si phase, which leads to the dispersive distribution of precipitated
Mg,Si phase. Both Mg,Si phase and ALY stable phase in the grain boundary play an important role in pinning
dislocations. The porosities of aluminium alloy by vibration-pressure solidification in LFC are reduced obviously from
1.1% to 0.18%. After T6 heat treatment, the ultimate tensile strength of ASMY alloy by vibration-pressure solidification
in LFC reaches 308 MPa, and it is increased by 29% compared with that of A356 alloy by conventional LFC.
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Table 1 Chemical compositions of alloys in experiment
(mass fraction, %)
Alloy Si Mg Ti Sr Y Fe Al
A356 T6 A356 7.10 0.31 023 0.046 0.00 0.17 Bal
Mg,Si ASMY 7.09 082 0.21 0.047 0.278 0.19 Bal.
A;]% [9-12] 10 mm
Instron—810
Y ALY 3 mm/min 3
A356 Me 0.5%HF MDS
Y FEI-Quanta 200
(SEM) X Pert Pro X
(XRD) (EDS)
PERKIN ELMER DSC7 (DSC)
1 Tecnai-G2—20
(TEM)
1 (EPS) 2
20 mg/cm’
( -30 21
kPa) ( 50Hz 0.23 2 A356 ASMY
mm) Sr
750
5 kPa/s
0.8 MPa 10 min
Inlet
Sealing-valve
Aeration inlet Pressure gauge
Flask cover Pouring cup
Fastening
Plastic film
Dry sand Flask
EPS pattern
Vacuum-valve
Bracket
i Vibration table i
2 A356 ASMY
1

Fig.1 Schematic diagram of vibration-pressure solidification

in LFC

Fig.2 Microstructures of A356 (a) and ASMY (b) alloys with

vibration-pressure solidification in LFC
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Fig.3 XRD patterns of as-cast A356 and ASMY alloys: (a)

A356 alloy; (b) ASMY alloy
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Fig.5 SEM image (a) and EDS spectrum (b) of point B in
ASMY alloy
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Fig.8 Ultimate tensile strength of A356 and ASMY alloys in

different casting processes
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Fig.7 SEM image (a) and EDS spectrum (b) of point D in
ASMY alloy
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2 A356 ASMY
Table 2 Mechanical properties of A356 and ASMY alloys in different cast processes

As-cast T6 heat treatment
Alloy Cast process
o,/MPa d5/% HB o,/MPa Js/% HB
LFC 146 4.1 50 239 1.8 93
A356 Vibration-pressure in LFC 167 5.4 55 256 2.0 97
Permanent mold 168 6.2 56 275 2.1 101
LFC 163 32 54 268 1.7 101
ASMY Vibration-pressure in LFC 171 4.5 56 308 2.0 105
Permanent mold 181 6.0 60 327 2.0 107
1.5
- —A356
CJA356, as-cast e ASMY L2
Hl ASMY, as-cast 100 - J— i
Y = 225.6 C 277.1 (,
< £ eof|206C 2761°C
2 S ——t—-<::2‘-""—“'/
g ; 401, | 1 ]
= 2 210 240 270 300
051 o=
20
ok
I_- L | | 1 | |
0 LFC Permanent Vibratino-presure 150 230 330 450 330 650
i ino-presu .
mold in LEC Temperature/'C
9 10 A356 ASMY DSC

. . . Fig.10 DSC curves of A356 and ASMY alloys
Fig.9 Porosities of A356 and ASMY alloys cast by different

processes
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Fig.11 TEM image of A356 alloy and diffraction pattern of
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