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The influence of processing conditions on the microstructure and abrasive wear behavior of FeNbC coatings 
deposited on SAE 1020 steel by powder oxyacetylene flame spray process are analyzed. Vickers 
microindentation tests on the coatings cross-section allowed to evaluate the fracture toughness. Ball cratering 
tests with SiO2 abrasive slurry was used to evaluate abrasive wear resistance. Worn surfaces showed a dominant 
grooving wear micromechanism. Lower hardness coatings also showed the lowest abrasive wear resistance. 
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1. Introduction 

Demands for higher performance in industrial 
applications leads to technological development for wear 
and corrosion materials protection. The use of superior 
mechanical and tribological properties coatings on a 
lower cost substrate is an economically attractive 
solution. Thermally sprayed coatings stands out for the 
use of composite materials in high wear resistance 
systems. The aim of this work is to study the relationship 
between microhardness, fracture toughness and micro-
scale abrasive wear behavior of FeNbC powder flame 
spray coatings produced under different process 
parameters in previous work [1]. 

2. Methods 

At this work, FeNbC coatings deposited on SAE 1020 
steel by powder oxyacetylene flame spray process are 
analyzed. The elastic modulus (E) was estimated using 
the Knoop indentation technique [2]. Vickers 
indentations were performed on coating polished cross-
sections using a Shimadzu microhardness tester. The 
Vickers microhardness (H) measurements were made at 
a load of 2.94 N. In order to determinate the fracture 
toughness (KIC), both Vickers diagonals (d) and crack 
lengths (c) were measured. The indentation model 
proposed by Niihara [3] was used to compute KIC: 

𝐾𝐼𝐶 = 0,0711 (𝐻𝑑1 2⁄ ) [𝐸𝐻]2 5⁄ [𝑐𝑑]−3 2⁄  (1) 

Microabrasion tests were carried out in a commercially 
available Plint TE66 microabrasion apparatus with a 
fixed-ball configuration. SiO2 in distilled water with a 
concentration of 0.35 g/cm³ was used as the abrasive 
slurry. The test was performed with a load of 0.3 N and 
the counterbody was an AISI 52100 ball with rotation 
speed of 75 rpm. Scanning electron microscopy (SEM) 
was used to investigate the wear micromechanisms. 

2.1. Results  
Figure 1 shows the worn surface formed in ball cratering 
tests. Figure 2 (a) presents the scatter plot of the Vickers 
microhardness and the dimensional wear coefficients, for 
which the Pearson correlation coefficient was r = -0.70. 
In Figure 2 (b) is presented the scatter plot of the 
relationship between Vickers microhardness, fracture 
toughness and the dimensional wear coefficients, for 

which the Pearson correlation coefficient was r = -0.43. 

 
Figure 1: SEM micrographs of FeNbC coating samples 

showing the worn surface. 

(a)  (b)  

Figure 2: Scatter plot of: (a) the Vickers microhardness 

and the wear coefficients; (b) the relationship between 

Vickers microhardness, fracture toughness and wear 

coefficients. 

3. Discussion 

The predominant wear micromechanism was grooving 
wear, which was evidenced by the presence of scratches 
and unidirectional parallel grooves on the worn surfaces. 
Microindentations at wear grooves suggests a rolling 
wear secondary micromechanism. The predominance of 
plastic wear micromechanisms is in agreement with the 
best correlation between microabrasive wear resistance 
and microhardness. Although fragile wear 
micromechanisms has been observed, this proved to be 
circumstantial, which is evidenced by the lower Pearson 
coefficient correlation. The fracture toughness did not 
prove to be determinant in abrasive wear resistance. 
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