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Wear of WC-Cr-Co coatings eroded by Al2O3 and Fe2O3 particles at 70 m/s, temperatures of 23 °C and 375 °C, 
and 30° and 90° impact angles was investigated. Coatings were produced by plasma-transferred arc welding 
overlay (PTAW) or infiltration brazed cladding (IBC). Surface damage was plastic on binder phase, increased 
by elevated temperatures, followed by loosening and pullout of WC particles. For Al2O3, WC microcracking 
increased wear significantly. Smaller binder free path and WC fraction explain lower wear rates of IBC against 
Fe2O3, while milder cracking on WC of PTAW resulted in greater erosion resistance against Al2O3 at 375 °C. 
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1. Introduction 

Through the years, wear due to solid particle erosion has 
been a serious and continuing issue, especially for 
equipment found in mining industry, such as radial 
centrifugal fan for pelletizing furnaces. Here, the aim is 
to characterize the solid particle erosion behavior of WC-
Cr-Co coatings, produced by plasma-transferred arc 
welding overlay (PTAW) and infiltration brazed cladding 
(IBC), using hematite (Fe2O3, a common abrasive in 
mining industry) and alumina (Al2O3) particles. 

2. Materials 

WC-Cr-Co coatings (Ra = 0.3 μm; 60 HRC), over steels, 
were manufactured by two distinct processes: PTAW and 
IBC. Micrographs and microstructural parameters of 
coatings are shown in Figure 1 and Table 1. Abrasive 
particle size (d50) of Fe2O3 and Al2O3 was 60 μm for 
both, roundness factors were 0.6 ± 0.1 and 0.5 ± 0.2, and 
hardnesses were 6 GPa and 20 GPa, respectively. 
 

Table 1: Quantitative metallography results 

Sample 
Hardness (GPa) WC 

(vol.%) ℓ (μm) WC Binder 
PTAW 23 ± 1 6 ± 1 29 ± 3 107 ± 38 

IBC 17 ± 1 4 ± 1 58 ± 1 20 ± 4 ℓ: binder’s mean free path. 
 

 
Figure 1: Microstructures. (a) PTAW and (b) IBC. 

3. Methods 

Erosion tests were performed according to ASTM G76-
18 (gas jet impingement method) at temperatures of 23 
ºC and 375 ºC, impact angles of 30º and 90º, particle flux 
of 2 mg/mm2.s, particle speed of 70 m/s and duration of 
10 min. Wear was quantified by mass loss and surface 
damage was characterized by SEM (Zeiss EVO 40). 

4. Results and Discussion 

Figure 2 summarizes wear results, demonstrating that the  
 

 

temperature of 23 °C and the Fe2O3 abrasive represent the 
milder condition, while 375 °C and Al2O3 is the most 
severe. Impact angle has a minor effect in most cases. 

 
Figure 2: Erosion rates of WC-Cr-Co coatings. 

 

IBC coating has smaller ℓ and larger WC fraction, that 
explains its high erosion resistance when abrasive to WC 
particle hardness ratio is low (i.e., eroded by Fe2O3). 
Wear mechanisms are mostly plastic in the binder phase 
(PM) for both IBC and PTAW coatings, followed by 
loosening and pullout of WC particles (Figure 3a). 
However, IBC presented lower wear resistance than 
PTAW when it is eroded by Al2O3. This happens because 
more WC particles tend to microcrack (MC) due to 
successive particle impact (Figure 3b).  
Oxidative effects on erosion at 375 °C were negligible, 
but the high temperature probably caused a hardness 
decrease of the binder phase. This resulted in increased 
wear for PTAW due to its higher binder fraction. 
 

 
Figure 3: Wear mechanisms of coatings. (a) PTAW, 

Al2O3, 30°, 375 °C. (b) IBC, Al2O3, 90°, 375 °C. 
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