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Due to good resistance to oxidation and wear chromium nitride coatings are widely used in industry. The works
aimed at further improving, for example by carbon doping, the properties of the coatings. The goal of this study was
to assess effect of carbon addition to CrN coatings deposited without substrates rotation on the deposition rate,
roughness, structure, hardness, adhesion, wear and comparison with properties of CrN coating.

PACS: 81.15.Cd, 81.15-z, 52.80.Vp, 52.77.Dq

INTRODUCTION

Deposition of coatings using vacuum arc plasma
under an atmosphere of nitrogen is one of the most
common methods of obtaining the transition metal nitride
coatings. The process of forming such coatings in
nitrogen pressure range ~ 0,001...10 Pa was the subject
of many papers [1-5]. Due to the good mechanical,
tribological and chemical properties, they are widely
applied in industry [6]. The advantage of this method is
the high deposition rate and ability to change their
properties in a wide range [2, 3].

Chromium nitride coatings are most commonly used.
A great effect on the properties of coatings CrCN has the
technological conditions of their formation, including the
composition and pressure of the atmosphere and the
substrate bias voltage. The increase in nitrogen pressure
changes the phase structure of Cr-N coatings according to
the relation: Cr—Cr+Cry,N—CryN—Cr,N+CrN—CrN.
Due to the different chemical composition of these phases
they exhibit different physical properties [7, 8]. The
addition of carbon atoms changes the mechanical
properties of such coatings. Low carbon amount in CrN
coating improves mechanical and tribological properties:
increases the adhesion and hardness and reduces
coefficient of friction and wear rate [9]. The increase in
carbon content leads to a refinement of the structure and
results in amorphization of the coating [9].

The application of the coatings on substrates of small
dimensions has been the subject of several studies [2-5].
The results indicate that with increasing diameter of the
substrate the deposition rate was reduced on their front
and reverse side. In the case of circular substrates having
a diameter of 50 mm film formation on the reverse
surface of the disc is reduced considerably and it is
almost two times lower than at its front surface [2].

A disadvantage of cathodic arc evaporation is the
large number of macroparticles embedded in the surface-
of the coating, and thus the relatively high roughness. It
can be reduced by plasma filters of different principle
operations. This reduces the number of surface defects of
coatings [1], but also the deposition rate of the coating.

In case of TiN coatings deposited at nitrogen pressure
of 1.5...5 Pa they showed an increased deposition rate
[2, 3]. For ZrN coatings formed at nitrogen pressure of
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2...4 Pa [3], the deposition rate on the front and reverse
side of substrates are similar, if their diameter is less than
40 mm. Additionally, ZrN coating obtained on the
reverse side of the substrate exhibits better mechanical
properties than the coating obtained on the front side.

The aim of the study was the comparison of
mechanical properties of CrN and CrCN coatings formed
in a stationary system on the front and reverse side of the
substrate under the same technological conditions and to
determine the effect of carbon addition on the properties
of CrN coating.

EXPERIMENTAL

The CrN and CrCN coatings were deposited using
unfiltered cathodic arc evaporation method (TINA 900M
system). The steel substrates (HS6-5-2 steel, hardened at
1210 °C, quenched in oil and tempered at 560 °C with
hardness 63 HRC) polished to the roughness Ra of about
0.02 pm, after chemical cleaning process were mounted
at a distance of 16 cm from the cathode in vacuum
chamber. Two substrates were used for evaluation the
properties of the coatings deposited on the front and
reversed side of the samples.

The chamber was evacuated to a pressure of 1-10° Pa.
Prior to the deposition, the substrates were ion etched by
argon (Ar") and chromium (Cr*) ions at argon pressure of
0.5 Pa under 70 V negative substrate bias voltage for
10 min. A deposition process of CrN coatings was
performed on a heated to a temperature of 300 °C
substrates, at substrate bias voltage of -300 V with arc
current of 80 A and nitrogen pressure 3.0 Pa. To improve
the adhesion of the coating to the substrate a thin
(~ 0.1 um) chromium layer was deposited onto the
substrate [8]. CrCN coatings were deposited under the
same parameters with addition acetylene flow (10 sccm).

The coating thickness, surface morphology, phase and
chemical composition, roughness, hardness and adhesion
were determined using methods and devices described in
[5] and friction and wear in [10].

RESULTS AND DISCUSSION

The investigations of chemical composition of CrCN
coatings formed on the front side of substrate indicate on
presence of approx. 11 at.% of carbon. The coatings
formed on reverse side of the substrate show about 2 at.%
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of carbon less. The ratio of chromium to nitrogen in
CrCN and CrN coatings deposited on both sides of the
substrates is approx. 1:1. This ratio is characteristic for
cubic CrN phase [8]. It should be also be noted that in all
coatings confirmed the presence of about 0.5 at.% of
oxygen.

It has been found that thickness of CrN and CrCN
coatings (Table 1), formed on the front side of the
substrate are almost two-three times greater than on the
reverse side of the substrate. This finding confirms the
studies described in [2-5].

particles on the surfaces of the coatings formed on the
front side of both coatings are visible (Table 2). The
coating formed on the front side shows surface structure
called “honeycomb” typical for CrCN coatings obtained
at higher substrate bias voltages [7, 11]. It is interesting
that on reverse side of the coatings greater macroparticles
dominates, although it appears that in the case of CrCN
coatings number of large macroparticles is greater.

Table 2
The dimensional fractions of macroparticles on the
coatings surface, and their roughness Ra

Table 1
The thickness and roughness of the coatings
. Thickness, um Roughness Ra, pm
Coating Front | Reverse | Front Reverse
CrN 7.7 2.4 0.05 0.03
CrCN 6.0 2.9 0.11 0.03

The morphology of CrN and CrCN coatings
deposited on the front and reverse side of the substrate is
shown in Fig. 1. Larger amount, particularly small

Coating Particle distribution, %
0.1um [1..3um [3..8um
Front side of sample
CrN 58 38 4
CrCN 62 33 5
Reverse side of sample
CrN 36 47 17
CrCN 31 50 19

Srm

X3, Ba8

Fig. 1. Surface morphology of CrN (a, b) coatings and CrCN (c, d) coatings deposited on the front (left)
and reverse (right) side of samples at nitrogen pressure of 3.0 Pa and substrate bias voltage -300 V

It can be also found that the surface roughness of
CrCN coating formed on the front side of the substrate is
about 0.11 um, about two times more than for the front
side of the substrate and 0.03 um for the rear side. The
surface roughness of the CrN coating formed on the front
side of the substrate is much smaller than in the case of
coatings and CrCN is 0.05 um, and the surface roughness
of the CrN coating on the back side of the substrate is the
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same as for the coatings CrCN. The higher roughness of
CrCN coatings compared with CrN was previously
reported [11].

The diffraction patterns of the coatings tested are
shown in Figs. 2 (front) and 3 (reverse). The analysis of
diffraction lines was conducted based on ICDD reference
data: 11-0065 (CrN), 035-0803 (Cr,N), 06-0694 (Cr) and
06-0696(Fe). The presence of iron (from steel substrate),
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hexagonal Cr,N phase and cubic CrN phase is observed.
Due to the reduced thickness of the coating deposited on
the reverse side of the substrate the intensity of the
diffraction lines of iron is greater. The diffraction pattern
coatings tested indicates that they are highly textured. It
should be noted that according ICDD 11-0065 diffraction
lines intensity is as follow: (111) — 80%, (200) — 100%,
(220) — 809, (311) — 60%, (222) — 30%, (400) — 30%,
(420) — 50%.

Table 3
The parameters of CrN and CrCN coatings structure
Parameter CrN CrCN
Front | Reverse | Front | Reverse
Lattice 0.4148 | 0.4174 | 0.4186 | 0.4220
parameter, nm
Ave'rage grain 3 80 61 86
size, nm
Microstrain, % - 0.17 0.63 0.30
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Fig. 2. X-ray diffraction patterns of the CrN and CrCN
coatings deposited at front side of the substrates
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Fig. 3. X-ray diffraction patterns of the CrN and CrCN
coatings deposited at reverse side of the substrates

The coatings deposited on the front side of the
substrate show much greater thickness compared to the
coatings formed on the reverse side. Despite this the
intensity of the diffraction lines registered in the second
case are more intense, which may indicate the presence of
higher number of the crystallites in the coating.

Investigations made by Almer et al. [12] indicate that
even a small amount of carbon in CrN coating
significantly changes the microstructure and mechanical
properties. The crystal structure observed is cubic
5-Cr(C,N), the intensity of the diffraction lines decreases,
the diffraction lines are broadened. The latter results point
to the refinement of grains and/or amorphization of the
coating. The stress in the coating is also reduced. XPS
analysis shows that 25...50% of the carbon atoms
substitute nitrogen in the lattice and the remain part was
identified as amorphous carbon [12]. The parameters of
structure of CrN and CrCN coatings are gathered in
Table 3.
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It should be noted that the grain size of the coating
deposited to the reverse side of the substrate is greater.
Similar results were obtained in our previous work [5].
The microstrain of the coating formed on the reverse side
of the substrate is lower compared to the coating formed
on the front side probably due to lower deposition rate.

The hardness of the CrN coatings is considerably
lower than CrCN coatings formed under the same
conditions, Table 4. The modulus of elasticity is also
higher for CrCN coatings. Interesting was that these
values (H, E) for the coatings formed on both sides of the
substrate were similar. Only in the case of CrCN coating
formed on the reverse side of the substrate the hardness is
lower about 25%. H/E ratio can be a more suitable
parameter for predicting wear resistance than is hardness
alone [13]. The higher the ratio, the deformation
resistance of the coating is higher. All deposited coatings
show similar, according this ratio, wear resistance. The
adhesion of the coatings, indicated as a Lc, critical load at
which the observed total delamination of the coating is
generally high. Lower values for CrCN coatings are
typical for CrCN coatings. It was published elsewhere
[12, 14].

Table 4
Mechanical properties of CrN and CrCN coatings
Parameter CrN CrCN
Front | Reverse | Front | Reverse
Hardness, GPa 15.5 15.9 26.5 20.5
Elastic
modulus, GPa 319 300 363 331
H/E 0.05 0.05 0.07 0.06
Lc,, N 101 101 66 93
Wearrate, | 4650 | 3000 | 200 | 4400
um’/Nm

CONCLUSIONS

The findings of investigations are as follow:

1. X-ray studies showed that, depending on a method
of placing the substrates, it is possible to produce coatings
with different dominant crystallographic orientation. The
addition of carbon to the CrN causes broadening of
diffraction lines in the diffraction pattern. It indicates the
refinement of grain size and increases the hardness of the
coating formed on both sides of the substrates.

2. Larger value of the lattice parameter of chromium
carbonitride in relation to the chromium nitride is
probably connected with incorporation of the carbon
atoms in interstitial positions. All investigated coatings
are highly textured.

3. Roughness parameter Ra, and the hardness of the
coatings formed on the front side of the substrate is larger
than the coatings formed on the reverse side. CrCN
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coatings have a lower adhesion to the substrate but higher
hardness and wear resistance compared with CrN.
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Cmamuws nocmynuna 6 peoaxyuio 02.06.2016 2.

BJMSIHUE YTJIEPOJIA HA CBOMCTBA CrN-IIOKPBITU, ®OPMUPYEMBbIX
KATOJAHO-IYTOBbIM UCHHAPEHUEM B CTAIIMOHAPHON CUCTEME

A.C. Kynpun, H.B. Konoouii, B./l. Osuapenko, I .H. Tonmaueea, A. I'unesuu,
O. Jlynuyka, b. Bapxonunckuii

IToxpeITHS U3 HATPHZA XpOMa IIUPOKO HCIOJB3YIOTCS B IMPOMBIIIJICHHOCTH OJarofapst Xopomed CTOHKOCTH K
OKHCJICHHIO M HW3HOCY. BBIMONMHSIOTCA paboThl, HamlpaBICHHBIE Ha JalbHEilllee COBEPIICHCTBOBAHHE CBOMCTB
MOKPBITHI, HampuMep, IyTeM JIETUPOBAaHMS yriepoJoM. lledp MaHHOTO HCCIIEAOBaHHS COCTOMT B TOM, YTOOBI
OLICHUTh BIIMSIHME JIernpoBaHus yrieponoM CrN-nokpbITHiH, HAHOCMMBIX 0€3 BpalleHUs TO/JI0XKKH, Ha CKOPOCTh
OCaXIEHUsI, IIEPOXOBATOCTh, CTPYKTYPY, TBEPAOCTb, aAre3UI0 M M3HOC, a TaKKe CPaBHHUTH co cBoicrBamu CrN-
MOKPBITHS.

BIIJIMB BYTJIELIIO HA BJIACTUBOCTI CrN-TIOKPUTTIB, COOPMOBAHUX
KATOJHO-JIYTOBUM BUIIAPOBYBAHHSIM Y CTAIIIOHAPHIN CUCTEMI

O.C. Kynpin, 1.B. Konooin, B./l. Osuapenko, I M. Toamauosa, A. I'inesuu,
O. JIyniybka, b. Bapxonincokuii

IToxpuTTS 3 HITPHUAY XPOMY MIMPOKO BHUKOPHUCTOBYIOTHCS B IPOMHCIIOBOCTI 3aBISKH XOPOINH CTIHKOCTI 10
OKHCJICHHS 1 3HOCY. BHKOHYIOTBCS pOOOTH, CIPSIMOBaHI Ha MOJAJbINE BJOCKOHAJICHHS BIACTUBOCTEH MOKPHUTTIB,
HaNpHUKIa], IIJIIXOM JIETYBaHHS ByTJIelleM. MeTa JaHOTO JOCIHIPKEHHS IOJIrae B TOMY, IIO0 OLIHWUTH BIUIUB
neryBanHsi ByryienieM CrN-MOKPUTTIB, IO HAHOCATHCA Oe3 oOepTaHHs MiIKIAIK{, Ha IIBUIAKICTH OCAKEHHS,
MIOPCTKICTh, CTPYKTYPY, TBEPIICTh, aATe3iI0 1 3HOC, a TAKOXK MOPIBHATH 3 BIACTUBOCTIMH CrN-TIOKPUTTS.
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