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Effects of Ultrasonic Vibration Methods on the Interfacial Microstructure and
Mechanical Properties of Al/Mg Bimetal Prepared by Lost Foam Casting
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Technology, Wuhan 430074, China)

Abstract: Ultrasonic vibration treatment (UVT) was applied to an Al/Mg bimetal fabricated by lost foam casting. The
effects of continuous and intermittent UVT on the microstructures and mechanical properties of Al/Mg bimetal interfaces
were investigated. The results reveal that the Al/Mg interface without UVT is composed of an Al-Mg intermetallic
compound (IMC) area and a eutectic area, and a thin oxide film exists at the boundary between the two areas, which
inhibits element diffusion. The net-shaped Mg,Si gathers in the IMC area. Both continuous and intermittent UVT could
remove the oxide film at the Al/Mg interface by acoustic cavitation and acoustic streaming effects. The Mg,Si particles are
refined and dispersed at the whole Al/Mg interface. In addition, part of the eutectic Al-Mg structure is transformed into
Al-Mg IMCs due to the promotion of element diffusion by UVT, which increases the homogeneity of the interfacial
microstructure and microhardness. The shear strength of the Al/Mg bimetal composite with continuous UVT reaches
53.9 MPa, which is an increase of 63.8% compared with that of the bimetal without UVT. The interface thickness of the
Al/Mg bimetal composite with intermittent UVT is lower than that with continuous UVT. However, the existence of pore
defects and local gathered Mg,Si particles decreases the strength of the material, but the shear strength still reaches
49.5 MPa.
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Tab.1 Chemical compositions of the A356 and AZ91D alloys
(mass fraction/%)

Element  Si Ti Mn Fe Zn Mg Al
A356 7.07  0.11 - 0.10 - 0.31 Bal.
AZ91D  0.02 - 0.24 - 0.61 Bal. 9.11

1-Ultrasonic device; 2-Plastic film; 3-Sand; 4-A356 insert
5-Thermocouple; 6-EPS model; 7-Sand flask; 8-Isolation layer
9-Vibration table; 10-Vacuum chamber; 11-Vacuum gauge
12-Sprue cup

1 BB 9 8 AT I i e iR B A
Fig.1 Schematic diagram showing the ultrasonic
vibration-assisted lost foam casting system
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Fig.2 Schematic diagram showing the shear strength testing of
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Fig.3 Interfacial morphology and microstructure of the Al/Mg bimetal Wlthout ultrasonic vibration treatment (a) overall morphology;
(b) enlarged image of region B in (a); (c) enlarged image of region C in (a); (d) enlarged image of region B in (a); (¢) oxide film at the
boundary of the IMC area and the E area of the Al/Mg interface; (f) EDS result for position A in (e)
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Tab. 2 EDS results for the AI/Mg interface at different

locations
(atomic fraction/%)
Point Mg Al Si Possible phase
#1 38.54 61.46 Al;Mg,
#2 49.56 21.56 28.88 Mg,Si
#3 48.48 51.52 Al Mgy,
#4 51.77 48.23 Al Mgy,
#5 61.77 3.29 34.94 Mg,Si
#6 65.18 34.82 Al Mgy,
#7 84.85 15.15 - 8-Mg
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Fig.4 Interfacial morphology and microstructure of the Al/Mg bimetal composite after continuous ultrasonic vibration treatment:
(a) overall morphology; (b) enlarged image of region B in (a); (c) enlarged image ofregion C in (a); (d) enlarged image of region D in (a)
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Fig.5 Interfacial morphology and microstructure of the Al/Mg bimetal under intermittent ultrasonic vibration treatment: (a) overall
morphology; (b) enlarged image of region B in (a); (c) enlarged image of region C in (a); (d) enlarged image of region D in (a);
(e) cavitation bubbles after solidification; (f) gathered Mg,Si
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Fig.6 Microhardness distribution of Al/Mg bimetal interface
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Fig.7 Shear properties of the Al/Mg bimetal interface: (a) shear stress-displacement curves; (b) shear strength
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Fig.8 Crack propagation paths at the Al/Mg interfaces after shear strength testing: (a) without UVT; (b) enlarged image of region B in
(a); (c) with continuous UVT; (d) enlarged image of region D in (c); (e) with intermittent UVT; (f) enlarged image of region F in (e)
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