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Research Progress on Microstructure Regulation and Strengthening-
Toughening of Iron-Based Wear-Resistant Hardfacing Composite Coatings

QIU Zi-xu, ZHANG Huai-yuan, LI Hao-ling

(School of Materials Science and Engineering, Jiamusi University, Jiamusi 154007, Heilongjiang, China)

Abstract: Iron-based wear-resistant hardfacing composite coating is an important surface technology to improve the
service life of mechanical parts, but it faces the contradiction between high wear resistance and strong toughness for
a long time. This paper systematically reviews the latest research progress of the coating in interface regulation and
strengthening and toughening. Firstly, the main limitations and failure mechanisms of the coating are analyzed. It is
pointed out that the crack sensitivity induced by brittle hard phase, the microstructure gradient caused by interface
dilution, the performance reversal caused by excessive strengthening phase and the subsurface instability under complex
wear conditions are the core bottlenecks. Secondly, the iron-based wear-resistant hardfacing alloys are classified and
reviewed according to Fe-Cr, Fe-Mn and Fe-Cr-Ni systems, and the microstructure characteristics and the strengthening
as well as toughening mechanism of each system are expounded. On this basis, the mechanisms of strengthening and
toughening modification in the iron-based wear-resistant alloys via the alloy composition optimization design, the
composite process and the multi-field coupling technology are emphatically reviewed. Finally, it is pointed out that the
collaborative design of hard phase-matrix-interface is an important direction for future development.

Key words: iron-based hardfacing coating; wear resistance; strengthening and toughening; composite process; hard
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Fig. 1 Metallographic diagram of hardfacing layer of a Fe-B-C based
wear-resistant alloy
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Fig. 2 TEM images of the friction-induced nanostructures at a depth of about 60 pm below the contact surface
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Fig. 3 Microstructures of the alloys with different Cr contents
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