
Journal of the European Ceramic Society 44 (2024) 5555–5568

Available online 13 March 2024
0955-2219/© 2024 Elsevier Ltd. All rights reserved.

Wear of the ultrahard B4C–SiC–TiB2 ceramic composite in unlubricated 
sliding contact with ceramic counter-parts 
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A B S T R A C T   

The wear performance of the ultrahard B4C–SiC–TiB2 ceramic composite was investigated in unlubricated sliding 
contact in various friction pairs with other ceramics of very different mechanical properties (diamond, Y2O3- 
stabilised ZrO2, Al2O3, Si3N4, and borosilicate glass) under otherwise identical contact conditions. It was found 
that this composite is, due to its ultra-high hardness (~35(1) GPa), a promising material for tribological ap
plications (sliding-wear resistance of the order of 105–108 (N⋅m)/mm3) that undergoes only very mild two-body 
abrasion against diamond (~6.5(7)⋅10− 9 mm3/(N⋅m)) and mild three-body abrasion against ZrO2, Al2O3, Si3N4, 
and borosilicate glass (10− 6–10− 7 mm3/(N⋅m)). It was also found that the B4C–SiC–TiB2 composite wore faster 
against Si3N4 (~3.1(3)⋅10− 6 mm3/(N⋅m)) than against Al2O3 (~1.8(3)⋅10− 6 mm3/(N⋅m)), next against borosil
icate glass (~1.1(1)⋅10− 6 mm3/(N⋅m)), and finally slowest against ZrO2 (~7.2(6)⋅10− 7 mm3/(N⋅m)), a trend that 
was justified based on the consideration that its three-body abrasion is a complex phenomenon conditioned by 
the abundance and hardness of the wear debris, the formation and coherence of protective tribolayers (either 
oxide or material transfer), and the effective contact pressure acting on the wear debris. Finally, implications 
arising from the study are presented.   

1. Introduction 

Hard materials are essential in a myriad of tribological applications, 
including cutting/finishing tools and wear parts [1]. One on the rise is 
B4C, which is less hard than diamond and c-BN [2] but much easier to 
fabricate and is structurally stable. Unfortunately however, monolithic 
B4C ceramics are coarse-grained (10–100 μm) and brittle (<2 MPa⋅m1/2) 
[2,3], and are therefore more prone to wear and fracture than desired, 
which limits their use in many tribological applications. This is why 
current research on B4C materials focuses on developing tougher 
fine-grained composites rather than brittle coarse-grained monoliths, as 
is for example the case of the triplex-particulate B4C–SiC–MeB2 com
posites (MeB2 being a transition metal diboride) [4–22]. Indeed, these 
composites are all, and especially the B4C–SiC–TiB2 ones [8], 
super-hard, toughened, and super-strong, a combination of attributes 
that makes them potentially very appealing for many tribological 

applications. 
However, little is still known about the wear performance of 

B4C–SiC–MeB2 composites. There are only three tribological studies on 
these composites [10,18,20]. These investigated the unlubricated 
sliding wear of B4C–SiC–TiB2 [10] and B4C–SiC–MoB2 [18,20] against 
diamond at 40 N load and 10–12.5 cm/s sliding speed, showing that they 
are highly wear resistant (specific wear rate (SWR) of the order of 
10− 8–10− 9 mm3/(N⋅m)), but B4C–SiC–TiB2 more so. However, since 
wear is not an intrinsic mechanical property of the materials [23] but of 
the tribo-systems (mating pairs and their contact conditions), further 
tribological studies in various wear scenarios are necessary before 
B4C–SiC–TiB2 composites, or similar ones, can be put into service. With 
this in mind, this study aimed to investigate the wear performance of the 
B4C–SiC–TiB2 composite in unlubricated sliding contact in various 
friction pairs with other ceramics covering a wide range of mechanical 
properties (namely, diamond, Y2O3-stabilised ZrO2, Al2O3, Si3N4, and 
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Fig. 14. Dependence of the SWR of the B4C–SiC–TiB2 disc as a function of (A) 
the SWR, (B) hardness, and (C) fracture toughness of the five ceramic counter- 
balls investigated. Errors are smaller than point size. 
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