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In this study, niobium carbide ceramic composite (NbC-12Ni-10Mo2C) has been investigated as an alternative 
hard material to cemented carbide (WC-Co) against SiC and Al2O3 abrasives counterface under two body 
abrasive conditions. The abrasive wear rate increases with an increase in the applied load and abrasive particle 
size. Despite the similar hardness, the abrasive wear rate of NbC-12Ni-10Mo2C was about 37-86% (SiC) to 66-
83% (Al2O3) higher than the WC-Co hardmetal. A comprehensive transition map of the wear mode from plastic 
deformation to fracture-dominated failure was created by correlating factors such as the severity of contact, 
specific wear rate with microscopic observations. 
 

Keywords: Cermet, cemented carbide, abrasive size effect, hardmetals 

 

1. Introduction 

Ceramic metal matrix composites also referred to as 
cermets, are increasingly being investigated for potential 
alterative to the conventionally used cemented carbides 
in cutting tools [1]. The abrasion mechanism in a cutting 
tool is very similar to closed two-body abrasion [2]. A 
critical literature review on WC-Co reveals limited 
research in abrasive wear and associated surface 
deformation of the cutting tool [3]. Experimental studies 
on abrasion of multiphase cemented carbide showed 
different wear micro-mechanisms including binder 
removal, grain pull-out, fragmentation of grains, etc [3, 
4]. However, cermets lack the knowledge of both wear 
and surface deformation that is prevalent during abrasive 
wear conditions. The present study aims to investigate the 
friction and wear of cermets from the viewpoint of two 
body abrasive wear. In addition, the influence of the 
control parameters, e.g., material properties, abrasive 
particle characteristics and other operating conditions, on 
the wear micro-mechanisms are investigated in detail. 

2. Methods 

Two body abrasive wear was experimentally simulated 
by pin abrasion tester by following ASTM G132 
standard. The sintered NbC-cermet (NbC-12Ni-10Mo2C) 
used as the test material [HV: 1348 ± 3 kg/mm2] and the 
cemented carbide (WC-15.6 Co) used as the reference 
material [HV: 1383 ± 18 kg/mm2] in this study. The 
operating conditions are listed in Table 1. 
 

Table 1: Test conditions  
Load [N] 4 (4, 8, 12,16) 

Particle size [µm] 4 (22, 82, 125, 200) 
Sliding speed [m/s] 0.15 

Sliding distance [m] 30 

Abrasives SiC, Al2O3 

2.1. Results  
The abrasive wear rate of NbC-cermet is plotted against 
the different loads and size of the abrasive particles for 
SiC and Al2O3 abrasive counterface as shown in Figure 1.  

 

Figure 1 : Wear rate of NbC-cermet vs. particle size  

3. Discussion 

Multiphase materials such as NbC-cermet and WC-Co, 
an increase in the abrasive particle size leads to a change 
in the abrasive wear rate, see Figure 1. The abrasive wear 
rate increased significantly when the particle size 
increased from 22 µm to 82 µm, then it changed to 
gradual increase between the particle sizes 82-125 µm. 
The trend became independent after 125 µm, showing the 
“particle size effect” [4]. Despite the equal hardness, a 
higher abrasive wear rate was observed for NbC-cermet 
than the WC-Co. The abrasive wear rate reduced by an 
order of magnitude when changing the abrasive 
counterface from SiC to Al2O3, indicating the “abrasive 
hardness effect” [3]. The wear micro-mechanism from 
SEM investigation shows a transition from plastic 
grooving to fracture when the particle size increased 
along with the load. However, the calculated severity of 
the contact indicates that the fracture-dominated 
mechanisms evolve prematurely for NbC-cermet as 
compared to WC-Co. 
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