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well as scanning electron images (made by HITACHI TM 3000) 
of selected fragments of the surface of the cutter, revealed the 
presence of a network of scratches, characteristic of the mecha-
nism of abrasive wear by furrowing, as seen in Fig. 2. 

The formation of scratches on the working surface of the 
cutter during the cutting of rubber causes a deterioration of the 
quality of that cutter and, in consequence, disqualifies it from 
further service. Based on obtained results of investigations it is 
possible to assume that the main destructive factor in this case is 
tribological wear. The second factor causing destruction of disc-

cutters, following a long time of service, is corrosion because in 
the process of cutting rubber, the tool is sprayed by cold water 
to counteract the excessive heat. 

Especially good tribological properties are exhibited by 
coatings composed of the CrN chromium nitride, whose hardness 
is in the range of 2000÷2400 HV, [20]. The field of application 
of CrN as anti-wear coatings includes cutting tools for cutting 
colored metals (e.g. copper alloys), tools for cold forming, as 
well as forming tools used in the manufacture of plastics and 
pressure die castings of aluminum alloys [12,18,24]. At the same 
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Fig. 1. Disc-cutter for cutting rubber (a) and a fragment of the cutting blade (b) 

a)

b) c)

Fig. 2. Appearance of working surface of the disc-cutter for cutting rubber after service (a), with visible scratches (KEYENCE VHX 1000) and 
scanning electron images (b, c) of marked fragments of the cutter (HITACHI TM 3000), illustrating the mechanism of wear.
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4d. Tribological properties

Tribological properties of samples of tool steel with hy-
brid coatings were evaluated based on wear resistance tests 
by the ball-on-disc method. Tribological tests were carried out 
on samples of X210Cr12 grade steel with Cr/CrN type hybrid 
coatings, and, for comparison, on samples of the same steel 
without any coating. The appearance of the wear track on the 
surface of tested samples (KEYENCE VHX 1000) following 
the ball-on-disc test, as well as wear profiles for both cases, are 
shown in Figs. 8 and 9.

An analysis of the appearance of wear tracks on the surface 
of samples allowed a diverse mechanism of their destruction. The 
zone of wear of the Cr/CrN coated sample exhibits a uniform 
surface, as seen in Fig. 8. Within the scratch made on the Cr/CrN 
hybrid coating one can observe a small damage of the coating, 
typical of abrasive wear. 

On the other hand, an analysis of the appearance of the wear 
track on the surface of steel without any hybrid coating points 
to a completely different mechanism of damage of that material 
in wear tests, as shown in Fig. 9.

Numerous furrows, as well as recesses, characteristic of the 
mechanism of abrasive wear by furrowing were observed. As 
a result of this phenomenon, there occurs a significant deteriora-
tion at the interface of the mating surfaces, conducive to faster 
damage of the material.

In accordance with the assumed method of investigation, 
the maximum depth of the wear track hmax, the volume of re-
moved material Va, as well as wear index W were determined. 
Table 5 gives the results of the tests, being the average value of 
the measurements made for three samples.
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Fig. 7. Diagram of variations of the tangent force (Ft), acoustic emission signals (AE) and friction factor (��) in function of load (a) and the SEM 
images of scratch (b, c, d), obtained during scratch test of the steel samples with the Cr/CrN hybrid layer

TABLE 4

Critical load values determined during scratch test of the Cr/CrN 
hybrid coating

Coating
type

Adhesion
parameter

Critical load value, [N]
Scratch 1 Scratch 2 Scratch 3 Average

Cr/CrN
Fc1 21 20 13 18
Fc2 37 34 17 29
Fc3 87 103 116 102








