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Fig. 1 Equilibrium phase diagram of ultra-high manganese steel
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Fig. 2 Microstructures and energy spectrums of samples from the hammer handle area and hammer head area
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Fig. 3 Microstructural characteristics and elemental mapping of the bonding interface between high manganese steel matrix and cemented carbide
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Fig. 4 Schematic diagram of microhardness testing method and actual hardness test results
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Fig. 5 Test results of sliding wear and impact wear performance
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Fig. 6 Wear surface morphologies of samples under different wear conditions
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Fig. 7 Schematic diagram of the worn subsurface characterization method and the subsurface morphologies of samples under different wear conditions
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Fig. 8 Hardness gradient variations across worn subsurfaces of
specimens: hammer head region, post-sliding wear, and post-

impact wear
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Interfacial Microstructure and Wear Behaviors of Ultra-High Manganese
Steel and TiC Cemented Carbide Composite Hammer Head

GUO Wu', SONG Dong-jun', LIU Wei', ZHENG Yu-jia', MU Rong’, SONG Ren-bo’

(1. Jinyu Hot Processing Tangshan Co., Ltd., Tangshan 063205, Hebei, China; 2. School of Materials Science and Engineering, University
of Science and Technology Beijing, Beijing 100083, China)

Abstract:

Through microstructure characterization, hardness testing, impact and friction-wear experiments, the
interfacial microstructure characteristics of ultra-high manganese steel/TiC composite hammer heads after
service failure were analyzed, and a systematic study was conducted on the wear behaviors of the ultra-
high manganese steel matrix of the hammer heads. The results demonstrate that the ultra-high manganese
steel matrix consists of a single-phase austenite structure (grain size: 700-850 pm) with complex Cr-Mn-
Fe carbides being distributed along grain boundaries and within grains, and no significant microstructural
characteristics changes are observed before and after service. Although a diffusion layer enriched with Mn and
Cr elements formed at the interface between the ultra-high manganese steel and the TiC cemented carbide, but
the transverse cracks initiate at this interface after actual service and propagate into the TiC cemented carbide
region. A hardened layer of about 2 mm thickness is formed due to work-hardening on the surface of the
hammer head after service, and its wear mechanism is not same with the friction-wear, but is similar with the
impact-wear, being the synergistic effects of plastic deformation and fatigue wear mechanisms.
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ultra-high manganese steel; interface; microstructure; wear; composite hammer head
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