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Ceramic materials (SiC, ZTA, quartz) were tested with multiple indentations varying the distance between them 
(degree of superimposition) and compared with tungsten carbide with 6% cobalt. Ceramic materials showed 
severe brittle detachment with the exception of zirconia-toughened alumina (ZTA), which showed moderate 
detachment. WC/6Co showed only cracking. All materials show an increase in the severity of the damage with 
the reduction of the distance between indentations. 
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1. Introduction 

According to Holmberg et al. [1], the mineral industry 
has significant impact on the global energy consumption. 
Part of this energy is spent on the replacement of worn 
equipment. High Pressure Griding Rolls (HPGR) is a 
high-efficient equipment for iron ore comminution. 
Basically, it consists of two rolls covered by WC/Co pins, 
which prevents the early worn of the rolls.  
Theisen [2] identified two different mechanisms during 
the flow of particles through the rollers. In the 
acceleration zone, there is a relative movement between 
the rollers and the particles, therefore, the loss of material 
is caused by the scratching of the surface of the rollers by 
the hard particles. In the compression zone, there is no 
relative movement between the particles and the surface 
of the rollers and, due to the high pressures involved in 
this zone, the particles indent the surface repeatedly. 
Aiming to increase the service life of HPGR, the use of 
engineering ceramics was proposed as an alternative to 
the WC/Co pins currently used in these rolls, having in 
view the common characteristics of this class of 
materials, such as high hardness and corrosion resistance. 

Methods 

Test were carried out on ceramic samples (SiC, quartz 
and ZTA) and one composite (WC + 6%Co) commonly 
used in HPGR’s for pellet feed production. The 
indentations were done in a CETR/Brüker Universal 
Tribometer varying de load and the distance between the 
samples (degree of superimposition) by -500%, -200%, -
100%, -75%, -50%, -25%, 0%, 25%, 50%, 75% and 
100% based on a method developed by Silva, Costa and 
Mello [3]. Where -500% means five times the indentation 
width, 0% means side by side indentations and 100% 
means total superimposition of indentations.  

2. Results and Discussion 

Comparing materials under the same load (50 N), silicon 
carbide showed the highest material loss with lateral 
cracking even at the largest spacing (-500%) becoming 
the dominant mechanism at -200%. Regarding to ZTA, 
this material showed damage visible under the optical 
microscope only at -75%, this damage was characterized 
by detachment of material in a less severe mode, being 
limited to approximately the width of the indentation. 
The tungsten carbide response to the degree of 
superimposition was not affect by the applied normal  

 
load (15, 20 and 50 N). At the degrees of -500% and -
200%, radial cracks were observed at the corners of the 
indentations. At the degree of -100%, the radial cracks 
moved from the corners to the edges of the indentation. 
At -75%, the radial cracks connected. By -25%, these 
cracks have increased in quantity. In degrees where there 
is superposition (25%, 50%, 75% and 100%), radial 
cracks continued to be observed, in addition to great 
plastic deformation. Material detachment was not 
observed for WC/6Co. 
In quartz, even at low loads (15N), lateral cracking has 
been observed at -100% and material detachment at -
75%. Similar behavior was observed in soda lime glass 
[4]. 

 
Figure 1 – SiC: High material detachment from -200%. 
ZTA: Material detachment from -75%. WC/6Co: Cracks 
connecting de indentations from -75%. Quartz: Lateral 
cracks at low loads from -100%. 
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