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For multilayer coating system ZrN/CrN determined the effect of the pressure of the working atmosphere of ni-
trogen (PN), DC (-Us) and pulse (-Ui) negative bias potential during the deposition and the thickness of the layers in 
the period on the phase composition, texture, substructural characteristics and physical-mechanical properties. It is 
found that for N = (2.2...12) 10-4 Torr in the layers of chromium nitride formed on a lower nitrogen phase with the 

-Cr2N simple hexagonal crystal lattice, and in the zirconium nitride layers are formed of a stoichiometric ZrN 
phase with a cubic lattice. Such a multilayer coating (layer thickness about 50 nm) at the maximum in this range     
PN = 1.2 10-3 Torr is most solid (39 GPa) with a modulus of elasticity of 268 GPa and the ratio H/E = 0.145. At 
higher PN, when the layers are formed phase stoichiometric composition with homogeneous crystal lattices (ZrN and 

 GPa. The mechanisms of the effects observed are based on 
the higher barrier properties of the interphase boundary layers with different types of crystal lattices was discussed. 

 

INTRODUCTION 

Creating resistant to external influences wear re-
sistant nitride coatings is the subject of many works of 
leading research groups in the field of surface engineer-
ing [1 14]. By the breakthrough achievements in this 
area in recent years can be attributed creation of the 
theory and practical obtaining materials multi-
elemention composition and nitrides on their basis of a 
stable structure, and properties at high temperatures 
[15 17], as well as the development of the method of 
the structurtural engineering in the field of multi-layer 
coatings consisting of layers of different composition 
with certain (necessary technology) functionalities. In 
the latter case the highest functional characteristics, and 
particularly the physical and mechanical, have been 
achieved when the thickness of the layers lying in the 
nanometer range [18 33]. 

The establishment of such multi-layered synthetic 
materials makes it possible to carry out a wide range of 
structural engineering (and thus change the properties) 
using as a multilayer composition of different composi-
tion and properties of layers, and multiperiod of the 
periodic (mostly bi- and three-layers in the period) sys-
tems. At the present time among the little-known but 
promising in its potential capabilities of the system ap-
plies ZrN/CrN. In this system, the components are com-
bined such as the ZrN, having high hardness, resistance 
to radiation and resistant to thermal stresses and also 
having sufficiently high hardness and wear resistance 
CrN.  

In this pair CrN has most relevant concentration 
range of 30 50 at.% N two major structural modifica-
tion (Fig. 1) [34], and it makes efficient structural engi-
neering by different nitrogen saturation of layers, is 
achieved by changing the operating pressure nitrogen 
atmosphere during the deposition. Therefore, the aim of 
this work was to establish the patterns to the effect of 

the pressure of the working atmosphere on the phase-
structural state, substructure and hardness of multiperi-
od ZrN/CrN coatings with different thickness and num-
ber of layers. 

METHOD OF PRODUCTION 
AND RESEARCH SAMPLES 

Multilayered two-phase nanostructures coatings 
ZrN/CrN deposited in vacuum-arc installing Bulat-6  
[35]. As the cathode materials used: low-alloyed chro-
mium and zirconium; active gas  nitrogen (99.95%). 
The coatings were applied to the surface of samples 
20x20x2 mm steel 12X18H10T prepared by standard 
methods of grinding and polishing. The procedure for 
the deposition of multilayer coatings includes the fol-
lowing operations. The vacuum chamber pumped out to 
a pressure of 10-5 Torr. Then, the rotator is supplied 
with negative potential of the substrate holder 1 kV 
switch on evaporator and the surface is cleaned first of 
the two substrates chromium ion bombardment for 
3...5 min. After that, the substrate holder is rotat
and performed the same treatment of the second sub-
strate. Further switch on concurrently both evaporators, 
nitrogen was supplied to the chamber, and the deposi-
tion first layer ZrN one hand, and with anti-oppositely - 
CrN. Coatings were obtained as in the continuous rota-
tion of the holder at 8 rev/min and the number of layers 
540 570, and by a fixed stop on time 10, 20, 40 or 
150 s at each of the 2 cathodes for thicker layers. The 
deposition was carried out under the following process 
conditions: arc current during the deposition was 100 A, 
nitrogen pressure (PN) in the chamber was varied in the 
range of 5 10-5...10-3 Torr, the distance from the evapo-
rator to the substrate  250 mm, the substrate tempera-
ture (Ts) was in the range of 250...350  

 



 

 
Fig. 1. The equilibrium diagram of the Cr-N and a 

schematic view of the cell of the crystal lattices 2 most 
-Cr2 -CrN 

 

Obtained coating thickness of about 10 m. Multi-
layer nanostructured coatings ZrN/CrN with growth 
stimulation was obtained by applying to substrate holder 
in the form of a high-voltage pulse potential with a 
pulse width of 10 c, repetition rate of 7 kHz and an 
amplitude -800 V [36]. Phase composition, structure 
and substructural characteristics were studied by X-ray 
diffractometry (DRON-4) with using Cu-K -radiation. 
For monochromatization of detected radiation used 
graphite monochromator, which is installed in the sec-
ondary beam (front of the detector). The study of the 
phase composition, structure (texture, substructure) pro-
duced by means of traditional methods of ray diffrac-
tometry analysis position, intensity and shape profiles of 
diffraction reflections. To decrypt diffractograms was 
used patterns table International Centre for Diffraction 
Data Powder Diffraction File. Substructural characteris-
tics were determined by approximation [37]. Microin-
dentation performed on the Micron-gamma  installa-
tion with a load up to F = 0,5N by Berkovich diamond 
py
loading and unloading for 30 s. 

RESULTS AND DISCUSSIONS 

Analysis of the morphology obtained coatings on the 
results of scanning electron microscopy studies show 
high planarity and good homogeneity the coatings 
formed as a supplying constant negative bias potential   
(-Us), both with and without filing -Us, but using in this 
case for stimulating mobility of deposited atoms supply-
ing high voltage potential (-Ui = -800 V) in the form of 
a pulse (Fig. 2). 

 

 
 

Fig. 2. The morphology of the multilayer coating side 
chipped ZrN/CrN with 24 layers 

Corresponding coatings, that X-ray diffraction spec-
tra show that when the pressure is reduced during the 
deposition of 4 10-3 to 1.5 10-3 Torr as in the ZrN layer, 
and the CrN layer is formed crystallites with preferred 
orientation axis [100] perpendicular to the plane of 
growth (Fig. 3) significantly increased the relative in-
tensity of the reflections (200). The formation of such 
orientation in the deposition vacuum arc nitride coatings 
with the structural type NaCl of crystal lattice is usually 
associated with the depletion of the condensate of light 
nitrogen atoms [14, 37, 38]. As have shown results test-
ing the hardness, the formation of such texture resulting 
in increased of material hardness of 30 to 36 GPa. 
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Fig. 3. Plots of diffraction spectra coatings ZrN/CrN, 
obtained by pulsed high-voltage-potential (-Ui =-800V) 

and working pressure nitrogen atmosphere PN, Torr:  
1  4 10-3; 2  1.5 10 -3 

Filing a constant negative bias potential -Us = -70 V 
at a pressure of PN = 4 10-3 Torr is accompanied by the 
appearance of the texture with the axis [111]. In this 
case, when pressure is decreased from 4 10-3 to     
6.2 10-4 Torr occur structural phase changes in layers: in 
Zr-N  appears texture [100], and Cr-N  shaped lower 
nitride Cr2N (Fig. 4,a). Wherein the hardness decreases 
from 28 to 20 GPa. Feed simultaneously with constant 
and high voltage potential magnitude -Ui = -800 V in 
pulse form does not lead to qualitative differences in the 
type of generated at different pressures phases, nor 
characteristic of preferred orientation: with [100] axis at 
a low pressure, and [111]  when a large PN (see 
Fig. 4,b). However, the hardness such coatings is 
somewhat higher than without feed -Ui and changes 
from 30 to 33 GPa. Using during the deposition more 
constant bias potential -Us = -150 V accompanied by the 



 

appearance of the lower nitrogen phase (Fig. 5), not 
only at relatively low (2...6) 10-4 Torr, but at a higher 
pressure (i. e., high pressures manifest non-
stoichiometry). At low pressure PN = 2.2 10-4 Torr lay-
ers based on chromium during the deposition nitride 
phase is not formed (spectrum 4 in Fig. 5,a). The hard-
ness of such composite coatings thus decreases from 
39 GPa at the maximum pressure up to 21 GPa at a 
pressure of PN = 2.2 10-4 Torr. Use in this case, the se-
cond type of impact potential high voltage magnitude    
-Ui = -800 V in pulse form is also fundamentally does 
not changes the phase composition of the coatings but 
changes the orientation of crystallites. In the greatest 
measure this affects at a pressure of 6.2 10-4 Torr, 
stimu -Cr2N. 
wherein the hardness is increasing of 30 GPa (without    
-Ui) and 32 GPa (feeding -Ui). 
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Fig. 4. Plots of diffraction spectra of ZrN/CrN coatings 
with thickness of layers about 50 nm obtained 

by -Us = - 70 V and PN, Torr: 1  4 10-3; 2  1.2 10-3;  
3  6,2 10-4;   at -Ui = 0; b  at -Ui = -800 V 

 
Researches on the substructure level which conduct-

ed by approximation method showed that an increase in 
pressure in the coatings deposited at -Us = -70 V is in-
creased crystallite size with decreasing of microstrain 
(Fig. 6,a). Submission of additional high voltage poten-
tial -Ui = -800 V in the form of a pulse does not lead to 
a fundamental change in the course of dependency, but 
significantly reduces the average crystallite size and 
microstrain value.  

 

The increase in supply during the deposition of a 
constant potential -Us to a value of -150 V accompanied 
by a relative increase in the L in the direction of inci-
dence of film-
an explicit effect is the relative decline in microstrain at 
low pressure. Feeding at -Us = -150 V action additional 
potential in the form of pulse (-Ui = -800 V) also signif-
icantly reduces L by 20...25% and a de
almost 2 times (to 0.3%) with low pressure deposition. 

 
 

 

Fig. 5. Plots of diffraction spectra of ZrN/CrN coatings 
with thickness of layers about 50 nm obtained  

by -Us = -150 V and PN, Torr:  
1  4 10-3, 2  1.2 10-3, 3  6.2 10-4, 4  2.2 10-4; 

   at -Ui = 0, b  at -Ui = -800 V 
 

It should be noted that the substructural characteris-
tics are largely changed by varying the layer thickness. 
Thus, when -Us = -150 V and a pressure                        
PN = 4 10-3 Torr with increasing average layer thickness 
of 25 to 220 nm is not only to the expected increase L 
proportional thickness of the layers, but in the ZrN layer 

CrN  occurs its decrease 
(see Fig. 6,c). 

 Submission of additional potential -Ui = -800 V 
practically does not change the absolute values and 

whereas the supply is only -Ui = -800 V (with -Us =     
= 0 
decrease (see Fig. 6,d). 
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Fig. 6. Dependence substructural characteristics  
(microstrain nd the crystallite size L) in ZrN lay-

ers of pressure (a, b) to ZrN layer thickness (d)  
and the thickness of the layers in ZrN and CrN (c)  

coating obtained by:  
a  -Us = -70 V and -Ui = 0 V; 

b  -Us = -70 V and -Ui = -800 V; 
c   -Us = -150 V and -Ui = 0 V; 
d  -Us = 0 V and -Ui = -800 V 

 

Comparison of -Us influence on substructural 
characteristics ZrN and CrN layers shows that the 
decrease in the magnitude of supply negative con-
stant bias potential of -150 to -70 V leads to increase 

val

layer thickness microstrain decreases in CrN layers, 
and in ZrN layers  increases. 

y-
er thickness of 25...50 nm due to the fact that the 
magnitude of the crystallites L on the nanoscale their 
formation is proportional to the thickness of the lay-
ers, and at achievement its smallest size 20...30 nm 
makes it impossible to work in the crystallites dislo-
cation source Frank-Reed and formation wherein the 
random dislocation of reset strain [39]. 

To study the influence of the deposition parame-
ters on the physical and mechanical properties of 
composite coatings have been used in such universal 
and express criteria such as hardness and elastic 
modulus, defined according to the data of dynamic 
microindentation [40]. Previously, when analyzing 
the effect of pressure on the phase composition it has 
been shown that the formation of a layer of chromi-
um-based lower -Cr2N nitride at a pressure             
PN = (2.2...6.2) 10-4 Torr leads to a substantial drop 
in hardness. Constructed for the entire operating in-
vestigated range of the PN = (2.2...40) 10-4 Torr gen-
eralized dependence H (PN) shown in Fig. 7,a shows 
that the coatings deposited at -Us = -150 V a observed 
nonmonotonic dependence of the microhardness on 
the working pressure nitrogen atmosphere with a 
maximum of H = 39 GPa in the PN = 1.2 10-3 Torr. In 
case of submission -Ui = -800 V depending H (PN) 
becomes smoother (see curve 2 in Fig. 7,a), which 
may be associated with greater planar mobility of  
additional acceleration in pulsed potential film-
forming charged particles, which leads to greater pla-
narity growing layers and the sharp border of the in-
terlayer. 

Similar behavior depending on H (PN) can be 
traced to -Us = -70 V, but the absolute value obtained 
in this case, the microhardness does not exceed 
33 GPa. 

CONCLUSIONS 

In work established pressure range 
PN = (2.2...12) 10-4 Torr in which in the layers Zr-N 
and Cr-N phase formed with different types of lattic-
es: in a layer of zirconium nitride  ZrN phase with a 
cubic an FCC lattice and a layer of chromium nitride 

 -Cr2N phase hexagonal crystal lattice. In this 
range, with increasing pressure PN is formed predom-
inantly oriented crystallites, which leads to increasing 
the hardness to 39 GPa. 

At higher PN = 4 10-3 Torr formation in both lay-
ers of stoichiometric and thus the same by type of 
crystal lattices ZrN and CrN phase (cubic crystal lat-
tice structural type NaCl) is accompanied by a de-
crease in hardness of multiperiod coating of 30 33 
to 39 GPa. Such effect is defined smaller permeabil-
ity of dislocations and higher diffusion stability 
boundaries phases with different crystal lattices of 
the type that defines a higher barrier properties and 
indentation accordingly leads to higher hardness of 
the composition. 
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Fig. 7. Effect of pressure in the deposition of coatings 

on their hardness (a) and modulus of elasticity (b):  
1  Us = - 150 V; 2  -Us = - 70 V 
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