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Table 1  Composition, hardness and density of high manganese steel and composites 

Element content, ω/% 

Material 

C Ti Mn Si 

Vickers hardness, HV/MPa Density/g·cm

-3 

Base 1.2 - 13 0.3 1738±73.6 7.9036±0.044 

SMC1 1.7 2 13 0.3 2234±116.4 7.7775±0.065 

SMC2 2.2 4 13 0.3 2830±234.5 7.6390±0.033 

SMC3 2.7 6 13 0.3 3122±370.6 7.3837±0.053 
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Fig.1  Abrasive wear diagrammatic sketch: (a) wear mode and  

(b) wear sample  
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Fig.2  OM images (a~c) and XRD patterns (d) of the composites with different TiC volume fractions after the heat treatment ?(a) 5.77%,  

(b) 10.47%, and (c) 14.86% 
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Fig.3  SEM images (a~c) and particle size distributions (d~f) of the composites with different TiC volume fractions: (a, d) 5.77%,      

(b, e) 10.47%, and (c, f) 14.86%  
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Fig.4  OM images of Hadfield steel matrix and its composites before (a~d) and after (e~h) heat treatment: (a, e) 0.00%, (b, f) 5.77%,   

(c, g) 10.47%, and (d, h) 14.86% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


 5  !"#$%&' Quadrat()*+,-.)/0 

Fig.5  Quadrat count method and results of particle position distribution: (a) particle count method of Quadrat, (b) 5.77% TiC, 

(c) 10.47% TiC, and (d) 14.86% TiC 
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Fig.6  Micromorphologies of Hadfield steel and its composites after corrosion with different TiC volume fractions: (a) 0.00%, (b) 5.77%,    

(c) 10.47%, and (d) 14.86% 
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Fig.7  Wear rate of Hadfield steel and its composites 
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Fig.8  XRD patterns of wear surface of Hadfield steel matrix and  

its composites 
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Fig.9  Wear cross section EBSD microstrain analysis of Hadfield steel and its composites: (a) 0.00% TiC and (b) 5.77% TiC 
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Fig.10  Wear surface micromorphologies of Hadfield steel and its composites with different TiC volume fractions: (a) 0.00%, (b) 5.77%,  

(c) 10.47%, and (d) 14.86% 
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Fig.11  Wear surface micromorphologies and schematic diagram of wear mechanism: (a) wear surface ceramics, (b) wear section surface 

ceramics, (c) cutting, and (d) fracture 
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Abstract: High manganese Hadfield steel is the conventional wear-resistant steel. In order to meet the requirements of complex working 

conditions, Hadfield steel matrix composites (SMCs) with various volume fractions of TiC were designed and fabricated by an in-situ 

solidification method. The microstructure and abrasive wear properties of these composites were examined. After heat treatment, the composites 

consist of austenite and TiC phases. TiC particles are uniformly distributed in the matrix, and the interface between the particles and the matrix 

is clean. Results show that the wear resistance of the composites can be improved by the introduction of TiC particles. However, with the 

increase of the TiC volume fraction, the wear resistance decreases slightly. We find that the particles increase in size and then their segregations 

are formed with the increase of the TiC volume fraction. The increased wear rate with the increase of the TiC volume fraction is caused by the 

fracture of large particles. 

Key words: Hadfield steel; TiC; wear resistance steel; composites; abrasive wear 
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