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Sažetak 

Povećanje otpornosti na erozijsko trošenje tvrdih metala jedan je od glavnih ciljeva pri iznalaženju 
novih područja primjene primjerenih karakterističnim svojstvima ovih materijala. Erozija 
česticama realna je pojava koja se susreće u svakom tribosustavu gdje je prisutna interakcija 
između krutih čestica i nekog čvrstog tijela pri brzinama većim od 1 m/s. Brojne komponente 
strojarskih sustava kao što su primjerice sapnice za rezanje vodenim mlazom čije brzine 
višestruko nadmašuju 1 m/s u svome radu izložene su upravo erozijskom trošenju na koje se 
može utjecati reguliranjem veličine zrna karbidne faze i smanjenjem udijela veziva. Otpornost 
erozijskom trošenju tvrdih metala s 10% i 15% Co ispitivana je pomoću specijalno dorađenog 
uređaja na način da erodent u obliku kvarcnog pijeska (SiO2) odnosno čelične sačme slobodnim 
padom teče kroz sapnicu i udara u uzorke koji rotiraju. Ispitivani nanostrukturirani tvrdi metali 
podvrgnuti su erozijskom trošenju mlaza erodenta pod kutom od 45 °, a progresija erozijskog 
trošenja praćena je u intervalima po 15 min u ukupnom trajanju od 1 sata. 

Ključne riječi: nanostruktrurirani tvrdi metal, WC-Co, trošenje, erozija 

Abstract 

Increasing the erosion resistance of cemented carbides is one of the main goals of finding new 
areas of application appropriate to the characteristic properties of these materials. Particle 
erosion is a real occurrence seen in every tribosystem where interaction between solid particles 
and a solid body is present at speeds greater than 1 m/s. Numerous components of machine 
systems such as water jet cutting nozzles with speeds exceeding 1 m/s in their work are exposed 
to erosion-related wear which can be influenced by regulating the grain size of the carbide phase 
and reducing the binder content. Resistance to erosion of hard metals with 10% and 15% Co was 
investigated using a specially made device in such a way that the erodent SiO2 and steel balls, flows 
in free fall through the system and strikes the rotating samples. Examined nanostructured 
cemented carbides were subjected to erosion in a 45 ° angle of impact, and erosion progression 
was monitored at intervals of 15 min for a total duration of 1 hour. 
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1. INTRODUCTION 

With daily growth of the world's industry scientists are faced with continues changes, 
visible on product's diversity, lifetime and quality demands. The area of application for 
cemented carbides is expanding daily because of their superior mechanical and 
tribological properties such as high hardness and wear resistance. The mentioned 
hardness is usually raised at the expense of fracture toughness and both properties are 
required for high wear resistance in conditions of high energy impact. The typical 
applications for cemented carbide parts that are subjected to high energy impacts that 
causes errosion wear are crushers, parts for road maintenance, saw blade inserts, car 
wheel studs, snow plough blades, grit blast nozzles, etc. 

Nowadays a few established facts about erosion wear on cemented carbides are here to 
help in designing a component for errosion wear application. The facts are stated as 
follows [1]: 

1. Very limited erodent particle embedment into the surface occurs in cemented 
carbides;  

2. Erosion wear mechanism depends by a great amount on the kinetic energy of 
particles impacting the surface;  

3. Specific velocity associated with change in wear mechanism exists for every 
cemented carbide; at that velocity shifting from fatigue driven to direct removal of 
material from the surface occurs;  

4. Mixed ductile-brittle response at the microscopic level is visible in cemented 
carbides;  

5. Maximum erosion rate is found between 30 to 90° angle of impact, depending on 
the chemical composition and grain size;  

6. Cemented carbides with fine grains and low binder content are likely to have 
brittle fracture;  

7. The number of WC grains will also determine the ductile-brittle behaviour. Impact 
zone encountering more than 10 grains can more likely response in a ductile 
manner;  

8. The basic steps of cemented carbide's erosion include removal of binder, fracture 
of WC grains, cracking between grains and breakaway of unsupported WC grains 
[2–6].   

9. Binder metal from the subsurface layer could be squeezed toward the surface that 
leads to rearrangement of WC grains (compaction of subsurface layer), possible 
fracture of grains due to creation of new contact points between grains and 
utilization of binder metal toward creation of mechanically mixed layer [7,8].   

10. Fine carbides fragments can be mechanically mixed with the binder metal that 
leads to increase in macro hardness and reduction of wear rate [7,8]. 

 

2. MATERIALS AND METHODS 

Cemented carbide samples with the dimensions 12,7 x 12,7 x 4 mm were sintered by 
sinter-HIP technology. The sinter-HIP process was preceded by mixing of tungsten 
carbide (WC), cobalt (Co) powders, with an addition of grain growth inhibitors (GGIs) VC 
and Cr3C2. After mixing drying, granulating and compacting of the obtained mixturs was 
preformed. The compacted sample was then sintered in the vacuum furnace and hot 
isostatic pressesed (HIP) in one cycle at high pressures and temperatures, Figure 1. 



 

Figure 1: Sinter-HIP process [1] 

The mentioned process represents the very top in powder metallurgy consolidation, 
which gives a theoretical density product without pores. Samples were compacted at a 
pressure of 300 MPa with the subsequent introduction of argon gas with 8 MPa of 
pressure at the sintering temperature of 1350 °C. The samples contained 10 and 15 wt. % 
Co and were marked with WC-10Co and WC-15Co. Sintered sample WC-10Co is shown in 
Figure 2. 

 

Figure 2: Sintered sample with 10 wt. % Co 

 

The hardness of the samples was quantified by Vickers method according to HRN EN ISO 
6507-1:2018 in order to examine the effect of Co increase on the obtained values. The 
measurement of hardness was conducted with a load of 294,2 N (HV30), and five 
measurement was carried out on each sample. Erosion test was carried out by an erosion 
testing apparatus shown in Figure 3. Samples were subjected to erosive wear with SiO2 
particles and steel balls as erodent, at an angle of 45°. When placed in supporters, samples 
are span at about 1440 rpm through the seeping beam of erodent powder. Two samples 
are eroded at the same time. The test was made in such a way that the erodent flows in 



free fall through the system and strikes the rotating samples. Erosion progression was 
monitored at intervals of 15 min for a total duration of 1 hour at room temperature. 

 

Figure 3: Erosion testing apparatus scheme 

 

3. RESULTS AND DISCUSSION 

The effect of wt. % Co on the hardness of a nanostructure cemented carbide with 10 and 
15 wt. % Co is shown on Figure 4. 

 

 

Figure 4: Average hardness values HV30 
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From the graph it is visible a decrease in hardness with the increase of Co content. The 
values correspond to the cemented carbide microstructure with nano sized grain. 

Relative weight loss for erosion rates with SiO2 and steel ball particles are shown in 
figures 5 and 6. The figures represent an average wear loss from three repeated 
measurements. 

  

 

Figure 5: Average erosion wear of the 10 and 15 wt. % Co sample with SiO2 erodent particles at an 
agle of 45 ° 

 

 

Figure 6: Average erosion wear of the 10 and 15 wt. % Co sample with steel balls erodent particles 
at an agle of 45 ° 

 

From the results it is visible that higher relative weight loss is visible for samples with 15 
wt. % Co in both cases.  As expected, steel balls eroded the surface roughly 10 times slower 
because of their higher granulation impacting a surface in less aggressive manner. Linear 
correlation between the wear rate and the testing time is not visible. The erosion rate 
slows down in time and the presumption here is that in the first 30 minutes of the test a 
large amount of WC grains, peeks in the surface roughness not entirely connected with a 
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binder are ejected from the surface area, resulting in a compact - tougher and at the same 
time harder surface area for the rest of the test. 

 

4. CONCLUSION 

By reducing the Co content, a deceleration of erosion wear rate in nanostructured 
cemented carbides containing 10 and 15 wt. % Co at an angle of 45 ° is visible. The higher 
granulation of steel balls caused the kinetic energy of impact to disperse on a higher 
surface area of cemented carbide, which resulted in a decrease in erosion wear rate by 10 
times over a period of 1 hour. The erosion wear rate is highest at the first 15 to 30 minutes 
of the test, and after that period a decrease in wear is visible for both samples at all test 
conditions. It is likely that in the first 30 minutes of the test a large amount of WC grains 
are ejected from the surface area, resulting in a compact - tougher and at the same time 
harder surface area for the rest of the test. 
Further tests including erodent particle characterisation, and chemical composition of the 
surface before and after erosion wear are planned in the future. The emphasis here was 
establishing a trend of behaviour for a specific chemical composition at a specific angle of 
impact, which was established. 
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