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Abstract: Al/Mg bimetals combine the advantageous properties of both aluminium and magnesium, offering broad
application prospects. However, low interfacial strength remains a major obstacle to the development and widespread
adoption of Al/Mg bimetals. Consequently, regulating the interfacial microstructure to enhance performance has become a
key research focus in this field. The application of external fields is a method to improve the microstructure and properties
of Al/Mg bimetallic composites through compound casting. This approach features simple processing, low cost, and
significant effects that can simultaneously enhance both the matrix and the interface. This material shows great potential in
strengthening bimetallic materials. This paper reviews the effects of three major external fields, namely, mechanical
vibration fields, ultrasonic fields, and electromagnetic fields, on the microstructure and properties of bimetals. Additionally,
future directions for the interfacial regulation of bimetals under external field assistance are discussed, providing insights
and references for the strengthening of Al/Mg bimetals.
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Fig.1 Experimental setup: (a) vibration-assisted system experimental setup; (b) schematic diagram of the high-speed camera setup;
(¢) collection points for temperature measurement!™*'®
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Fig.2 Influence of vibration on interfaces: (a) interface without vibration; (b) interface with vibration; (al~a4) SEM images showing
the microstructures of the interface layers without vibration; (b1~b4) SEM images showing the microstructures of the interface layers
with vibration; (¢c~h) mechanism of interface improvement by vibration™
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Fig.3 Distributions of Gd in the Mg/Al bimetal prepared with different experimental conditions: (a) without treatment; (b) with
0.6 wt.% Gd added; (c) with 0.6 wt.% Gd added and applying vibration™
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Fig.4 Schematic diagram showing the formation process of the Al/Mg bimetallic composite interface'™"
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Fig.5 Schematic diagram of the experimental setup and ultrasonic vibration application process: (a) principle diagram of solid-liquid
composite equipment under the action of ultrasonic field; (b) fixing method and influence principle of ultrasonic head and
aluminium inlay®
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Fig.6 Comparison of microstructures of the interface under conditions without and with UV: (a) SEM image of the interface layers
without UV; (al~a3) microstructures of regions A, B, and C in (a); (b) SEM image of the interface layers with UV;

(b1~b3) microstructures of regions D, E, and F in (b); (¢) mechanism of interface improvement by ultrasonic vibration!
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Fig.7 Schematic diagram of the interface formation process and crack propagation path of an AI/Mg bimetal: (a) untreated;

(b) high-entropy alloy coating; (c) high-entropy coating plus an ultrasonic field
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Fig.8 Magnetic field-assisted LFCC experimental setup and fracture mechanism analysis: (a) magnetic field-assisted LFCC
experimental setup; (b) inlay position; (¢) fracture mechanism without treatment; (d) fracture mechanism with treatment!®!
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Fig.9 Mechanisms of interface improvement by electromagnetic stirring: (a) initial state of Si; (b) melting of the A356 insert surface;
(c) diffusion of local Si particles in the melt pool without EMS; (d) solidified structure of the Al/Mg interface without EMS;

(e) diffusion of local Si particles in the melt pool with EMS; (f) electromagnetic force and Archimedean electromagnetic force;

(g) flow at the interface with EMS; (h) solidified structure of the Al/Mg interface with EMSEF®!
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Fig.10 Schematic diagram of the experimental process?
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Tab.1 Improvement in the shear strength at the Al/Mg bimetal interface under different external fields

External field Material Improvement of shear strength/MPa Reference
31.26—43.69(39.76%) [18]
31.7—47.5(49.84%) [19]
Mechanical vibration 31.46-547.49(30.95%) 4
32.2—45.1(40.06%) [21]
45.25—54.25(19.89%) [22]
35.47—56.12(58.22%) [23]
A356/AZ91D 37—69(86.5%) [28]
38.21—62.2(62.8%) [29]
Ultrasonic vibration 35.3-339GL8%) 30l
32.4—61.4(89.5%) [31]
33.3—556.7(70.3%) [32]
32.16—63.44(97.26%) [33]
35.7—46.1(29.1%) [38]
Magnetic field Al-7Si-Cu-Mg-Mn/42CrMo 41—-56(36.59%) [40]
high chromium cast iron/medium carbon steel 236.2—281.2 (19.09%) [41]
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