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Topography of the surface of samples was studied with the 
aid of the Bruker Contour GT-K1 optical profilometer.

For evaluation of adhesion of the layers to the steel sub-
strate, the Revetest tester from CSM was chosen. This apparatus 
is equipped with a measuring head with a Rockwell indenter, an 
optical microscope with high resolution video imaging system, a 
sensor of acoustic emission, a penetration depth sensor, as well 
as a sensor of friction and normal forces.

Tribological properties of the samples, their wear resistance 
by friction, were evaluated by the three-cylinder-cone method, 
[25,26]. Measurements were taken with a rotating speed of the 
cone at n = 576 r.p.m. and unit loading pressures of 50, 100, 300 
and 400 MPa during a time of 100 min, applying lubrication by 
Lux 10 oil.

4. Results and discussion 

4a. Layer microstructure

X-ray diffraction phase analysis of the surface of chromized 
layers made from X210Cr12 tool steel revealed the presence of 
the (Cr, Fe)7C3 type carbide, as well as traces of the (Cr, Fe)2N 
nitride, similarly to what has been reported in other publica-
tions, [3,5,6].

X-ray diffraction phase analysis of the surface of samples 
with the CrC+CrN type hybrid layers, obtained by the deposi-
tion of the CrN coatings on the CrC carbide layer, revealed the 
presence of both the (Cr, Fe)7C3 chromium carbide, as well as 
that of the CrN chromium nitride, Fig. 1. Similar results of X-
ray analysis were obtained in the previous research realized by 
the authors, [17,23]. 

Fig. 1. X-ray diffraction pattern of the X210Cr12 steel surface with the 
CrC+CrN type hybrid layer

The surface of samples with hybrid and chromized carbide 
layers was silvery and smooth. Scanning image of the surface 
of steel sample with the CrC+CrN type hybrid layer, obtained 
with scanning electron microscope (Hitachi TM3000), is shown 
in Fig. 2. An analysis of the morphology of hybrid layer surface 

showed the presence of a homogenous, very fine microstructure 
with a small amount of a droplet phase which is characteristic 
of the arc evaporation method, [21]. Similar scanning images 
of the surface of CrN coatings were also observed in other in-
vestigations, [27,28].

Fig. 2. The SEM image of the surface of the tool steel sample with the 
CrC+CrN hybrid layer

The scanning image (SEM+BSE+EDS) of tool steel sam-
ple with the CrC+CrN type hybrid layer, obtained on a metal-
lographic cross-sections (Fig. 3), revealed the presence of two 
zones: the CrN chromium nitride coating, in the area adjacent 
to the surface of the layer and the chromium carbide in the area 
between the CrN nitride and the steel substrate. The chromium 
carbides (gray precipitations) are visible in the steel substrate, 
constituting the structural component of the X210Cr12 tool 
steel. An analysis of element concentration (chromium, iron, 
carbon and nitrogen) in selected micro-areas of this layer and 
its substrate, marked with points: 1 to 6 on Fig. 3, is shown in 
Table 3. The analysis of the chemical composition shows the 
presence of the CrN chromium nitride in the first zone (outer 
zone) of the hybrid layer, counting from the surface, because its 
main components are nitrogen and chromium (point 1 in Fig. 3 
and Table 3). An enhanced concentration of chromium (approx. 
64 wt.% Cr) relative to the concentration of nitrogen (approx. 
34 wt.% N) may be caused by the presence of the droplet phase, 
containing chromium, which is formed at the surface of the CrN 
coating, obtained by the Arc PVD method, [27,29]. It should be 
emphasized that the result of the chemical composition analysis 
by the EDS method is the averaged result from the area where 
the electron beam of the scanning microscope works, which 
affects the error in determining the content of elements, in par-
ticular light elements, e.g. C or N. The maximum concentration 
of chromium in the zone of the layer between the CrN coating 
and the steel substrate, corresponding to the CrC chromium 
carbide, was approx. 60 wt.% Cr and decreased down to approx. 
52 wt.% Cr with increasing distance from the surface (points 
2-4 in Fig. 3 and Table 3). At the same time, the content of iron 












