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Abstract: Lead-steel bimetallic composite materials, as critical structural-functional integrated materials, combine
the high strength and toughness of steel with the excellent radiation shielding and corrosion resistance of lead,
demonstrating irreplaceable value in nuclear industry, electrochemical engineering, national defense, and other fields.
This paper systematically reviews the research progress and application status of lead-steel bimetallic composites in
terms of preparation processes, interfacial microstructure, and key performance. In terms of fabrication techniques,
solid-state bonding methods such as explosive welding, roll bonding, and diffusion welding, as well as solid-liquid
processes including casting and additive manufacturing, are comprehensively analyzed. The bonding mechanisms,
process windows, and advantages and limitations of these methods are discussed, emphasizing that achieving
robust metallurgical bonding is the core objective of process development. Regarding interfacial and performance
characteristics, this study elucidates the microstructural features of interfaces formed by different processes and reveals
the decisive role of interfacial structure in macroscopic mechanical properties, radiation shielding effectiveness, and
electrochemical behavior. Although significant achievements have been made in interfacial regulation and performance
optimization, challenges remain in long-term interfacial stability and consistency in forming complex components. This
paper also outlines future development directions, suggesting that breakthroughs can be achieved through multi-process
integration, intelligent manufacturing technologies, and novel interface and structural designs, thereby further promoting
the application of lead-steel bimetallic composite materials in high-end equipment fields.

Key words: lead-steel bimetallic composite material; preparation process; interfacial microstructure; interfacial
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Fig. 9 Interface morphologies of the lead-steel composite plates prepared by explosive welding
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Fig. 10 SEM micrographs of the roll-bonded lead-steel interfaces under different rolling temperatures
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Fig. 11 SEM micrographs of the low-pressure cast lead-steel interfaces under different mold temperatures
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Fig. 13 Structures of the lead-steel interfaces under TIG arc and droplet deposition composite process
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Fig. 14 Microstructural characteristics of the lead-steel bimetallic structure interfaces
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Fig. 15 SEM and EDS images of the lead-steel interface under electromagnetic forming composite process
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Tab. 4 Mechanical properties of the lead-steel composite materials under different preparation processes
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Tab. 5 Electrochemical properties of the lead-steel composite materials under different preparation processes
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Tab. 6 Application fields of the lead-steel composite materials
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