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Abstract. The purpose of this work is to study the 

influence of the abrasive wear modes on the coefficient of 

friction of thin films. The results have shown that: 

i) low abrasive slurry concentration was related with 

grooving abrasion and relative high coefficient of friction 

and ii) high abrasive slurry concentration was related with 

rolling abrasion and relative low coefficient of friction. 

1. Introduction 
The micro-abrasive wear test by rotative ball is an 

important method adopted to study the abrasive wear 

behavior of materials. Figure 1 presents a schematic 

diagram of the principle of this abrasive wear test, 

where a rotating ball is forced against the tested 

specimen, in the presence of an abrasive slurry [1]. 

 

 

 

 

 

 

 

 

 
Figure 1 – Schematic illustration of the principle of the 

micro-abrasive wear test by rotating ball [1]. 

In this type of test, “wear craters” are generated on 

the specimen and two abrasive wear modes are usually 

observed on the surface of the worn crater: “grooving 

abrasion” is observed when the abrasive particles slide 

on the surface, while “rolling abrasion” results from 

abrasive particles rolling on the specimen. 

2. Methodology 

Experiments were conducted with thin films of 

TiN, CrN, TiAlN, ZrN, TiZrN, TiN/TiAlN, TiHfC and 

TiHfCN deposited on substrates of cemented carbide. 

For counter-body, it was adopted one ball made of 

AISI 52100 steel, with diameter of D = 25.4 mm. 

The normal force value defined for the wear 

experiments was N = 0.4 N, with two abrasive slurries 

concentrations (C), C1 = 5% SiC + 95% glycerin and 

C2 = 50% SiC + 50% glycerin (volumetric values). 

The average particle size of the SiC is 3 μm. 

The normal force (N) was maintained constant 

during the tests; the tangential force (T) was monitored 

and registered during all experiments. Then, the 

coefficient of friction was calculated using the equation 

µ = T/N. 

3. Results 
Table 1 shows the values of the coefficient of 

friction as a function of the abrasive wear mode.  

A significant increase of the volume of abrasive 

particles (from 5% SiC to 50% SiC) caused a decrease 

lower on the coefficient of friction. 

Table 1. Values of the coefficient of friction. Maximum error 

observed: µ = 0.11. 

Thin film 
µGrooving 

Grooving abrasion 
(5% SiC) 

µRolling 
Rolling abrasion 

(50% SiC) 

TiN 1.37 0.57 

CrN 0.35 0.24 

TiAlN 0.72 0.32 

ZrN 0.46 0.17 

TiZrN 0.14 0.11 

TiN/TiAlN 1.10 0.97 

TiHfC 1.67 1.20 

TiHfCN 0.68 0.51 

In fact, the abrasive slurry concentration and, 

consequently, the actions of the abrasive wear modes, 

show an important influence on coefficient of friction. 

The values of coefficient of friction reported under the 

occurrence of grooving abrasion were higher than the 

values of the coefficient of friction reported under the 

occurrence of rolling abrasion. 

This behavior can be explained based on patterns of 

movements that act on rolling abrasion and grooving 

abrasion. 

In rolling abrasion, the abrasive particles are free to 

roll between the ball and the specimen, facilitating the 

relative movement between these elements and 

decreasing, consequently, the coefficient of friction on 

the tribological system. In other hand, in grooving 

abrasion, the abrasive particles are fixed on the 

counter-body (in the case, on the ball), limiting then, 

their movements and requiring higher tangential forces. 

4. Conclusions 
With the low concentration of abrasive slurry, it 

was observed the action of grooving abrasion and, 

consequently, high values of coefficient of friction 

were reported, because the abrasive particles were 

incrusted on the counter-body, hindering their 

movements and generating high tangential forces. 

In other hand, when was adopted the high 

concentration of abrasive slurry, there was the 

occurrence of rolling abrasion. In this case, the abrasive 

particles were free to roll along the surface of the thin 

film, causing, consequently, a low coefficient of 

friction. 
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