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Abstract

Chromium nitride coatings were deposited by reactive magnetron sputtering onto sub-
strates made from Cr-ledeburitic steel 1.2379. Microstructures, phase constitution, mechan-
ical and tribological properties of CrN-coatings were investigated. It has been found that the
deposition at given combination of parameters gave dense, fine-grained coatings, having colum-
nar structure and very smooth surface. The coatings were formed from Cr2N when low N2 :
Ar ratio has been used while they contained CrN at higher nitrogen input into the processing
chamber. The Young’s modulus of the coatings was influenced only slightly by the deposition
conditions. On the other hand, the hardness of the CrN was higher than that of the Cr2N. The
adhesion of the CrN is better than that of Cr2N. The principal explanation is that the Cr2N
is brittle in nature and exhibits a strong tendency to cracking and spallation when normally
loaded. Generally, the friction coefficient measured against 100Cr6 ball bearing steel was lower
than that determined against sintered alumina. Considerable material transfer (adhesion) has
been recorded for 100Cr6-steel while no transfer but abrasion has been detected for alumina
counterpart. For the alumina counterpart, better tribological behavior has been recorded for
the CrN than that for Cr2N, which is consistent with its good adhesion.

K e y w o r d s: ledeburitic steel substrate, magnetron sputtering, CrN-coating, microstruc-
ture, mechanical properties, tribology

1. Introduction

Chromium nitride (CrxNy) hard coatings have
been developed over the past two decades. They have
early gained a great scientific interest due to their good
wear- and corrosion resistance, up to very high tem-
peratures [1–3]. The chromium nitride coatings are
used in a variety of applications such as tools for wood
machining [4, 5], cutlery industry [6], ultra-high speed
micro-machining [7], automotive industry [8], and bio-
medicine [9]. Another important field of their applic-
ation is the nuclear industry as hard facing mater-
ial due to their excellent anti-galling properties and
high thermal stability [10]. Besides that, it is possible
to deposit fine-grained CrN-films up to a relatively
great thickness (around 7 µm) whereas low internal
stresses are kept. This fact together with that CrN is
less brittle than TiN, but still quite hard, makes CrN
more suitable for surface protection at relatively soft
substrates such as aluminum alloys and stainless steels
[3].
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The CrxNy coatings are generally manufactured
by various physical vapor deposition (PVD) meth-
ods such as the arc deposition and reactive magnet-
ron sputtering [13]. Magnetron sputtering has been
developed rapidly over the last decade. This depos-
ition technique offers the same or better functionality
of the films than the others, but at greater film thick-
ness. It now makes a significant impact in application
areas including hard, wear-resistant coatings, low fric-
tion coatings, corrosion-resistant coatings, and decor-
ative coatings [11].
The effect of the nitrogen partial pressure on the

phase constitution of magnetron sputtered chromium
nitride coatings has been studied extensively [2, 12–
15]. It has been established that the phase constitution
of the coatings was changed from the Cr(N) solid solu-
tion at very low nitrogen partial pressure to the mix-
tures of Cr(N) + Cr2N or Cr2N + CrN when higher
nitrogen partial pressure has been used. At specific
conditions, pure either Cr2N or CrN were obtained.
The opinions on the effect of the nitrogen partial
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Ta b l e 1. Deposition variables of the processes

Processing variables
Samples

Substrate bias (V) Reactive atmosphere N2 : Ar (cm3 min−1)

4, 5, 6 –100 30 : 90
7, 8, 9 –100 60 : 60
10, 11, 12 –75 20 : 90
13, 14, 15 –75 30 : 90
16, 17, 18 –75 60 : 60
19, 20, 21 –50 20 : 90

pressure on the grain size of the coatings are adverse.
Shah et al. [12] have established a refinement in the
grain size scale with increased nitrogen partial pres-
sure while Logothetidis et al. [17] have reported an op-
posite tendency. In addition, the density of the films is
closely related to the nitrogen partial pressure. Here, a
good agreement on this effect can be found in the liter-
ature – the higher nitrogen partial pressure the denser
are the coatings [12, 19]. The film with the maximal
density can be produced by reactive HIPIMS tech-
nique [18]. Moreover, the application of this technique
led to a very smooth coated surface, without droplets
or other macroscopic growth defects.
The chromium nitride coatings grow mostly in a

columnar manner [13, 18, 19] but the columnar char-
acter of the film growth can be changed to the granular
mode when extremely high negative substrate bias is
used for the film manufacturing [14].
Generally, the hardness of the chromium nitride

thin films is higher when they contain Cr2N-phase [12–
14, 16, 20] than those formed of CrN. However, some
other authors reported also rather opposite tendency
or they established the same hardness for both phases
[5]. The lower hardness values for CrN compared with
those of Cr2N films, which were established in the
dominant part of the investigations, were attributed
to higher degree of bond ionicity in the CrN phase.
The Young’s modulus of the chromium nitride films
was higher also for the Cr2N [13].
The chromium nitride films contain high compress-

ive residual stresses [19]. These stresses can be re-
sponsible for lower adhesion of the films and their early
damage. For this reason, Odén [21] and Broszeit [22]
independently suggested the heat treatment (anneal-
ing) to modify the stress situation. After the applic-
ation of proper heat treatment, the residual stresses
were lowered to 30 % compared to those as deposited
[21, 22].
Adhesion of the films onto the substrate is a critical

point, which determines their suitability for an indus-
trial use. It has been established recently that the CrN
coating had a higher adhesion (being represented by
the critical load determined by scratch test) than the
Cr2N coating of the same thickness [19]. Very good

adhesion of the CrxNy films can be achieved by using
of the HIPIMS technique for their manufacturing [18].
Both the wear resistance and the friction coefficient of
the films depend on their phase constitution. The wear
resistance of the films containing the CrN is better
than that of Cr2N [16]. In the case of the films formed
of the Cr2N, increasing negative bias voltage led to
a better wear resistance [14]. In addition, the friction
coefficient against alumina counterpart was found to
be lower for CrN [13].
The main goal of the current paper is to make

serious investigations of the chromium nitride films
produced at one of newest PVD devices, using a UB
magnetron sputtering and for wide range of processing
parameters.

2. Experimental

2.1. Coating deposition

Chromium nitride coatings were deposited on flat
specimens (15× 32× 12mm3) made from the AISI
D2 (DIN 1.2379) with a nominal chemical composi-
tion (in wt.%): 1.6 % C, 12 % Cr, 0.7 % Mo, 1 %V,
and Fe as a balance. The samples were austenitized in
the vacuum furnace at a temperature of 1050◦C with
the hold of 30min, nitrogen gas quenched and twice
tempered at 500◦C for 2 h. After that, the samples
were mechanically polished using a diamond suspen-
sion (grain size up to 0.7 µm) to a mirror finish.
The deposition has been carried out using magnetron-
-sputtering device Hauzer Flexicoat 850 at various
combinations of processing parameters. The substrate
temperature was kept in a narrow range between 250
and 260◦C. Two chromium targets with 99.98% pur-
ity, opposite positioned, were used. The cathode out-
put power has been kept at 2.9 kW on each cathode
(target) during the deposition. The processing vari-
ables were the negative substrate bias (–50, –75 and
–100V) and the composition of the reactive atmo-
sphere being represented by the ratio of N2 and Ar,
respectively. The combinations of processing variables
are shown in Table 1. Three samples were treated at
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Fig. 1. Microstructure of as-heat treated substrate material: a) light micrograph, b) SEM micrograph.

any combination of processing variables.
Prior to deposition, all the samples were ultrason-

ically cleaned in an acetone, dried and fixed onto a
rotating holder. The holder was then inserted into
the processing chamber. Just prior to deposition, the
samples were sputter cleaned in a pure argon atmo-
sphere for 20 min. The rotation speed was adjusted to
2 rpm. The total deposition time was 6 h in all the
cases.

2.2. Coating characterization

The microstructure of the substrate material has
been investigated using the microscopy and scanning
electron microscopy (SEM). For the coatings investig-
ation, the SEM has been used only. The acceleration
voltage was standard 15 kV.
The thickness of the films has been determined

by the measurements on fracture surfaces of coated
samples. Ten measurements of the thickness were
made on each specimen and the average value was
then calculated. Surface roughness was measured by
laser confocal microscope Zeiss LSM 700.
Adhesion of the coatings has been measured by Re-

vetest scratch tester. Standard Rockwell diamond in-
denter with a tip radius of 0.2 µm has been used. The
initial loading was 1 N and it increased progressively
to 100 N, at a rate of 49.5 Nmin−1. Five measure-
ments have been done on each specimen. The adhesion
was evaluated as from the acoustic emission records so
from the viewing of the scratches. The first symptoms
of the flaking of the coating were chosen as a criterion
for the determination of critical load.
The friction coefficient has been determined by the

Pin-On-Disc method. The balls with a diameter of
6 mm, made from 100Cr6 ball bearing steel (hardness
of 735 HV) and sintered alumina (Al2O3), were used
as counterparts. The total sliding distance was chosen
to be 100m. No external lubrication has been used.

The tests were performed at ambient temperature and
relative humidity of 60 %.
The nanohardness and the Young’s modulus (E ) of

the films have been measured using TTX NHT nano-
hardness tester (CSM Instruments). The so-called
“linear mode” has been used, e.g. the loading in-
creased progressively from the zero up to the max-
imum value of 200mN. The loading time was 1 min
and the hold at the maximal load was 20 s. Standard
Berkovich nanoindenter has been used for the indent-
ation. Ten measurements were done on each specimen,
and the mean value and the standard deviation were
calculated, respectively.
X-ray diffraction analysis has been used for the

identification of phases in the coatings. The Phillips
PW 1710 diffractometer with Fe filtered CoKα1,2 char-
acteristic radiation, in a Bragg-Brentano arrangement
has been employed. Data were recorded in the range
30–140◦ of the two-theta diffraction angle.

3. Results and discussion

3.1. Substrate characterization

The microstructure after performed heat treat-
ment is shown in Fig. 1. Light micrograph, Fig. 1a,
demonstrates that the material is composed of the
matrix and undissolved carbides. Detail SEM mi-
crograph, Fig. 1b, shows that the matrix is formed
by needle-like tempered martensite. The carbides are
mainly of the M7C3 nature, as previously reported
[27]. The final as-tempered hardness of the samples
was 61 HRC.

3.2. Microstructure of the films

SEM micrographs, Fig. 2, show how the coatings
have grown at different deposition conditions. All the
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Fig. 2a–f. Cross-sectional and plane view SEM images of CrxNy coatings deposited on DIN 1.2379 substrate: a), b) Sample
4, bias of –100 V, N2 : Ar = 30/90; c), d) Sample 7, bias of –100 V, N2 : Ar = 60 : 60; e), f) Sample 10, bias of –75 V, N2 : Ar

= 20/90.

coatings have dense structure, without any inhomo-
geneities like pores or cracks. The coating/substrate
interface is also free of defects in almost all the cases.
Only in the case of the coating formed at a bias of
–100 V, N2/Ar = 30/90, the cohesive failure on the
interface can be seen, Fig. 2a. The thickness of the film
was 4.1 µm. The film grew in a typical columnar man-

ner, with well visible individual crystals. Plan-view
micrograph, Fig. 2b, shows that the surface exhibits
non-uniform structure, combined of two types of fea-
tures. The first type of feature is the semi-equiaxial
grains (SEG) with a size of 0.2–0.5µm. This feature
makes dominant area portion of the surface and can
be called as a “matrix”. In this “matrix”, several form-
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Fig. 2g–l. Cross-sectional and plane view SEM images of CrxNy coatings deposited on DIN 1.2379 substrate: g), h) Sample
13, bias of –75 V, N2 : Ar = 30 : 90; i), j) Sample 16, bias of –75 V, N2 : Ar = 60/60; k), l) Sample 21, bias of –50 V, N2 : Ar

= 20 : 90.

ations that can be described as cauliflower-like (CFL)
structure are embedded. Similar surface structure of
chromium nitride films has been already reported and
discussed by Zhao et al. [28]. They established that
the combination of “equiaxially grained” (or facet-
ted) and cauliflower-like structures is typical for two-
phased (CrN and Cr2N) films. However, no two phases
were identified in the given coating by X-ray diffrac-

tion. One can thus assume that: i) the combination of
above described microstructural formations can not
always be attributed to the presence of two chromium
nitrides in the coating or ii) the coating is two-phased
but the amount of CrN is below the detection limit of
the used experimental technique.
The thickness of the film produced at a bias of

–100 V and N2 : Ar = 60 : 60 was 3.3 µm, Fig. 2c. In
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Fig. 3. X-ray diffraction patterns of the coatings produced at: a) bias of –75 V and N2/Ar = 30 : 90, b) bias of –75 V and
N2 : Ar = 60 : 60.

a similar way to the previous case, the film grew in a
columnar manner. Individual crystals are visible, also.
Plan-view SEM micrograph, Fig. 2d, demonstrates
that no cauliflower-like formations are presented in
the surface microstructure of the film and the film
is composed of semi-equiaxial grains (visible on the
plan-view picture) only. Moreover, the grains are re-
fined compared to the film produced at lower nitrogen
content in the reactive atmosphere.
Figure 2e demonstrates that the thickness of the

film was 4.9 µm when an atmosphere with N2 : Ar =
20 : 90, at a bias of –75 V, was applied. Individual
columnar crystals are also well visible. The surface
structure is very fine with practically no presence of
coarse grains on the surface, Fig. 2f. Compared to the
film grown at a bias of –100 V and N2 : Ar = 30 : 90,
the application of a bias of –75 V at the same ratio of
atmosphere components led to slightly greater thick-
ness of the films, Fig. 2g. The thickness of the film
was 4.3 µm. Sharp-edged crystals of the Cr2N are vis-
ible on the fracture surface. Plane-view SEM micro-
graph in Fig. 2h demonstrates a coarsening of the mi-
crostructure compared to the film produced at lower
N2 content whereas the rice-like formations are the
dominant feature of the coating. An increase in ni-
trogen content to N2 : Ar = 60 : 60 gave thinner film
(thickness of 3.9 µm) and the crystals became practic-
ally invisible on the fracture surface, Fig. 2i. On the
plane-view micrograph, Fig. 2j, there is a large mi-
crostructural inhomogeneity apparently shown. The
microstructure consists of two basic types of features.
The first one is the “matrix” formed by semi-equiaxial
grains of a size ranging between 0.3 and 0.5 µm, and
the second type of the feature are the cauliflower-like
formations as described above, Fig. 2b.
The deposition carried out at a bias of –50 V and

N2 : Ar = 20 : 90 gave the highest thickness of the film,
Fig. 2k. The total film thickness was measured to be
5.3 µm. The structure of the film contains well visible
individual crystals with no sharp topography on the

fracture surface. Plan-view SEM micrograph, Fig. 2l,
shows that the structure of the coating is quite in-
homogeneous and contains two features, in a similar
way to the films produced at a bias of –75 V in the
atmosphere with N2 : Ar = 60 : 60.
The measurements of surface roughness did not

give doubtless results. Moreover, the surface rough-
ness remained very low after the film deposition and
it ranged between 7 and 22 nm, excepting a few cases
where micro-particles were recorded on the surface. It
can be assumed that no relevant effect of the rough-
ness on film properties can thus be expected. Sim-
ilar expectations were also suggested by Lin et al. [23]
for UB magnetron sputtered semi-stoichiometric CrN
films deposited onto stainless steel substrate.

3.3. Phase constitution

X-ray diffraction revealed that the coatings created
in reactive atmospheres containing N2 : Ar of 20 : 90
and 30 : 90, respectively, are formed from the Cr2N
while those grown in the atmosphere with N2 : Ar =
60 : 60 are of the CrN, as shown in Fig. 3a,b, and sum-
marized in Table 2. This seems to be logical because
CrN contains more N than Cr2N, and higher nitrogen
amount in the reactive atmosphere should promote
growth of the phase with higher N content. Moreover,
the mentioned observation is consistent with other
findings reported previously [1]. In addition, it should
be noticed that the data obtained by the X-ray dif-
fraction do not represent only the surface phase con-
stitution but, due to the penetration of the X-rays, the
X-ray patterns also represent the phase constitution of
the substrate.

3.4. Friction coefficient

Generally, the measurements of the friction coef-
ficient µ gave lower values when the balls made from
100Cr6 steel were used as counterparts, Table 2. The
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Ta b l e 2. Phase constitution, mechanical properties, friction coefficient µ and critical loads of developed chromium nitride
coatings

Deposition bias, N2 : Ar –100, 30/90 –100, 60/60 –75, 20/90 –75, 30/90 –75, 60/60 –50, 20/90

Major phase Cr2N CrN Cr2N Cr2N CrN Cr2N
Nanohardness (GPa) 21.8 ± 1.25 25 ± 3 23.1 ± 1.5 17.3 ± 2.8 23.1 ± 3.9 20 ± 5
E (GPa) 225 ± 12.5 240 ± 20 224 ± 7 216 ± 37.3 212 ± 38.5 223 ± 9.5
µ-100Cr6 0.28 0.29 0.27 0.24 0.23 0.36
µ-Al2O3 0.59 0.40 0.65 0.72 0.39 0.68
Critical load (N) 31 56.3 46.4 63 56.6 41

Fig. 4. SEM micrographs of wear scares resulted from the sliding of 100Cr6-steel ball on the surface: a) the CrN film grown
at –75 V and N2 : Ar = 60 : 60, b) the Cr2N film grown at –50 V and N2 : Ar = 20 : 90.

µ ranged between 0.23 and 0.36 whereas lower values
were recorded for the coatings made at a bias voltage
of –75 V and the highest friction coefficient had the
film produced at a bias of –50 V. For the alumina coun-
terpart, the average friction coefficient ranged in very
wide range from 0.39 to 0.72. The actual value of the
µ depended on the nature of the film, e.g. the µ was
detected to be lower for the pure CrN while it was
considerably higher for the Cr2N.
The differences between the friction coefficients re-

corded on various samples can be explained as follows:
a) 100Cr6 steel used as a counterpart – Figure 4

brings top view micrographs of the wear scares ob-
tained by the sliding of the counterpart on the surface
of the films produced at –75 V and N2 : Ar = 60 : 60
and –50V and N2 : Ar = 20 : 90, respectively. The first
wear scare is almost completely covered with trans-
ferred material from the counterpart, while the second
scare is almost free of any adhered material. Thus, no
friction coefficient of the sliding couple film/100Cr6-
-steel but that of 100Cr6/100Cr6 has been rather re-
corded in the first case. In the second case, real µ from
the sliding couple Cr2N-film/100Cr6-steel has been
measured. It is worth noticing that no effect of the
dominant phase on the friction coefficient has been
established – mainly due to the fact that the trans-

fer of the counterpart’s material occurred even dur-
ing early stage of the sliding (running up stage) and
no real friction coefficient could have been recorded
further (steady stage). These results are, however, in-
consistent with other investigations, e.g. [24]. In this
paper, the testing of magnetron sputtered CrxNy-films
against GCr15 steel (hardness of 610 HV) gave much
lower friction coefficient for Cr2N than that for CrN.
Unfortunately, it is not clear from the paper what
happened at the film/counterpart interface during the
tests, and therefore it is hard to explain the nature of
different wear behavior of investigated sliding couple
in our trials.
b) Alumina used as a counterpart – It is clearly

shown that the films formed by CrN had much lower
friction coefficient than those formed by Cr2N. Figure
5 shows top view SEM micrographs of two samples
with completely different wear behavior. The wear
scare of the film formed at a negative substrate bias
of 100 V and N2 : Ar = 60 : 60 had a very smooth sur-
face with no symptoms of particles removal during the
tests, Fig. 5a. The wear scare of the sample layered at
a bias of –75 V and N2 : Ar = 30 : 90, Fig. 5b, contains
a lot of craters and places with complete removal of
the film. Removed particles (wear debris) also yield to
elevated abrasion and thereby to higher friction coef-
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Fig. 5. SEM micrographs of wear scares resulted from the sliding of alumina ball on the surface: a) the CrN film grown at
–100 V and N2 : Ar = 60 : 60, b) the Cr2N film grown at –75 V and N2 : Ar = 30 : 90.

Fig. 6. Light micrographs showing the scratches made on investigated CrxNy films.

ficient. It should be noted that the Cr2N is rather
slightly softer than the CrN, Table 2, although many
experiments fixed an opposite tendency [4, 8, 15, 19,
26] or established similar hardness for both phases [5].
Moreover, the Young’s modulus of both phases was
recorded to be different only in a very limited ex-
tent. The consideration that the differences between
the substrate properties (hardness, Young’s modulus)
and the same properties of the films are a criterion
for the adhesion [29] has a limited validity here. Pos-
sible logical interpretation of obtained results could

be given using the Hurkmans’s findings. In his early
study he established that lower critical load of the
Cr2N is systematic due to the brittleness nature of
the hexagonal Cr2N compared to cubic CrN [32].

3.5. Adhesion

The results of the adhesion measurements are sum-
marized in Table 2. It is worth noticing that the crit-
ical load rather increases with the increase of nitrogen
portion in the reactive atmosphere. However, there is
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an exception in this “general tendency” – the best
adhesion was found for the film formed at N2 : Ar =
30 : 90 when a bias of –75 V has been applied. The
difference, compared to the film made at N2 : Ar =
60 : 60, is relatively small. Nevertheless, the general
statement that the CrN has better adhesion than the
Cr2N is not valid in this case, and this finding is rather
inconsistent with other observations [4, 26, 32] where
slightly higher adhesion of CrN was recorded. Other
investigations [25] revealed a direct dependence of the
adhesion values on the nanohardness of the coatings.
However, there is no data on the phase constitution
of investigated thin films given, which makes it im-
possible to decide on the effect of phase constitution
on the film adhesion.
During the scratch-test, the failure of the coat-

ings begins with either semi-circular tensile cracking
or with side-flaking, Fig. 6. There can not be a direct
dependence between the failure manner (critical load)
and the coating preparation route established. For ex-
ample, the failure of the Cr2N coating prepared at a
bias of –100 V and N2 : Ar = 30 : 90, began with the
side-flaking on both sides of the scratch, Fig. 6. The
critical load for this film was 31 N. The same mech-
anism, however, has been determined for the failure
initiation in the case of the Cr2N film grown at a bias
of –75 V and N2 : Ar = 30 : 90. Nevertheless, this film
had the best adhesion and the critical load was 63 N.
These results are well consistent with the microstruc-
tural analysis, see Fig. 2. Cross-sectional SEM micro-
graph of the Cr2N film prepared at a bias of –100 V
and N2 : Ar = 30 : 90 indicated symptoms of cohes-
ive failure, which was confirmed via the scratch test
(the lowest value of the critical load). In other cases
of the films, no inhomogeneities at the film/substrate
interface were found, which is consistent with the ad-
hesion measurements. Anyway, it seems that further
amelioration of adhesion of pure CrxNy thin films
has some limitations. One of possible ways how to
achieve higher adhesion is the deposition of either
nano-structured films with incorporated soft phases
[30] or duplex coatings [31]. Investigations of men-
tioned coatings types allow to suggest that the coat-
ings can store a higher amount of plastic deformation
energy (work of fracture) preceding the failure, which
results in higher adhesion onto the ledeburitic steel
substrates.
Table 2 summarizes the results of nanohardness

measurements and the determination of the Young’s
modulus of the films. The nanohardness of the CrN
films was recorded to be slightly higher than that
of Cr2N. The average values of the Young’s modu-
lus ranged between 212 and 240 GPa, independently
on the fact whether the film was formed with CrN of
Cr2N. Moreover, the values exhibited large scatter and
overlap. One can thus say that the Young’s modulus
is either practically unaffected or is influenced only

negligibly by the deposition parameters within their
range investigated.
The first finding seems to be rather unexpected.

Many authors have reported an opposite tendency, e.g.
the Cr2N has slightly higher hardness than the CrN
[4, 8, 15, 19, 26]. Other authors, for instance Nouveau
at al. [5] arrived to finding that the hardness of both
phases is similar. It should be noticed, however, that:
1. In most cases of investigations, no ledeburitic steels
were used as substrates for the film deposition and the
formation of the films was influenced by the nature of
the substrates; 2. In above mentioned papers, different
deposition techniques at completely different combina-
tions of processing parameters were used, which makes
the direct comparison of obtained results difficult or
almost impossible.

4. Conclusions

The results of the investigation of magnetron
sputtered CrxNy thin films on the DIN 1.2379 ledebur-
itic steel substrate arrived to the following findings:
The thickness of the films increased with decreased

negative substrate bias. At a constant substrate bias,
increased nitrogen input led to lowered film thickness.
All the coatings exhibited dense structure, without

any inhomogeneities.
The films grew in a typical columnar manner. After

the deposition, the coated surfaces were very smooth,
with only minimal number of micro-particles.
The films formed in low-nitrogen containing atmo-

spheres consisted of Cr2N-phase while those grown in
the atmosphere with N2 : Ar = 60 : 60 contained CrN-
-phase.
The nanohardness of CrN was, rather unexpec-

tedly, slightly higher than that of Cr2N. The Young’s
modulus of both compounds was found to be influ-
enced by the processing parameters only in a very
limited extent.
The friction coefficient was lower for the 100Cr6

steel counterpart than that for alumina. For the
100Cr6 counterpart, material transfer from the ball
to the sample has been recorded, which made the res-
ults hardly comparable. The lowest friction coefficient,
when alumina ball has been used, was determined
for CrN. This is because the Cr2N underwent crack-
ing and delamination during the testing, formed wear
debris, which contributed to the increase of the µ.
The results on the friction coefficient are consistent

with the adhesion determination – the better adhesion
the lower is the friction coefficient against alumina.
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