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This work presents the results of superhard (Zr-Ti-Cr-Nb)N coatings research. Samples were fabricat-

ed by vacuum-arc deposition method (Arc-PVD). Structure, composition and properties of these coatings 

were studied. The study of coatings was performed using SEM, EDS and XRD. Hardness measurements 

and adhesion tests were provided. The coatings thickness was up to 6.2 m. Nanocrystallites sizes ranged 

from 4 to 7.3 nm. Values of hardness and cohesive strength were H = 43.7 GPa and LC = 62.06 N respec-

tively. The optimal conditions for coating’s deposition were found. 
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1. INTRODUCTION 
 

Multilayered and multicomponent materials based 

on carbides, nitrides, borides and silicides of transition 

metals are the most promising areas in the study of 

protective nanocoatings [1-9]. Revealing regularities of 

structure formation in multielement nitride coatings is 

necessary for understanding the possibility of controlling 

the structure and properties of nanomaterials [10-11]. 
 

2. EXPERIMENTAL DETAILS 
 

Coatings of (Zr-Ti-Сr-Nb)N system were fabricated 

by vacuum-arc deposition method (Arc-PVD). Samples 

were deposited under nitrogen atmosphere using vacu-

um-arc device “Bulat-6” [12-14]. Evaporated material 

was a cast in block Zr+Ti+Cr+Nb cathode (composition: 

Cr – 37.39 at.%, Zr – 27.99 at.%, Nb – 22.30 at.%, Ti – 

12.32 at.%) fabricated by electron-beam melting. Ta-

ble 1 shows physical and technological parameters of 

coating's fabrication based on (Zr-Ti-Cr-Nb)N system. 

Surface morphology of coatings and their elemental 

composition were studied using scanning electron mi-

croscope JEOL-6610 LV and built-in energy dispersive 

analyzer (X-Max Silicon Drift Detector). Structure and 

phase composition of coatings were studied by XRD 

analysis (D8 ADVANCE) in Cu-Kα radiation. 

Microhardness of coatings was measured by automat-

ed Vickers hardness tester AFFRI DM-8. The imprints 

were made at the distance of 1.0 mm between each other, 

10 measurements were held for each sample. In order to 

reduce the impact of droplet component and in order to 

measure the hardness of the coatings more accurately, 

part of the coatings had been polished after deposition. 

Scratch-tester REVETEST (CSM Instruments) was 

used for adhesion strength study. For this the scratch-

es were made on the surface of the coated samples at 

continuously increasing load by means of the diamond 

spherical indenter "Rockwell C" type with a radius of 

curvature of 200 mm and the following physical pa-

rameters were registered: acoustic emission, coefficient 

of friction and the depth of penetration of the indenter. 

To obtain the reliable results, two scratches on the 

surface of the coating were made. 

The following critical loads changing the coefficient 

of friction and acoustic emission curves from the scrib-

ing load: LС1 - characterizes the time of occurrence of 

the first chevron crack; LС2 - the moment of the ap-

pearance of chevron cracks; LС3 – the destruction has 

cohesive and adhesive nature; LС4 - local flaking of the 

areas of the coating; LС5 - plastic abrasion of the coat-

ing to the substrate. 
 

3. RESULTS AND DISCUSSION 
 

Fig. 1 shows SEM-image of sample #613 surface. Its 

matrix is based on cells which are typical for surface of 

vacuum-arc coatings obtained based on nitrides of re-

fractory elements. Furthermore, the coating is com-

posed from rounded inclusions of droplet fraction in 

diameter up to 6 microns. 

 

Table 1 – Physical and technological parameters of deposition, elemental composition of coatings 
 

# Ia, A pN, Pa Ub, V 
Concentration, at. % 

Ti Zr Cr Nb N C O Impurities 

613 

110 

0.3 -100 10.21 6.63 15.22 4.96 18.70 38.29 5.42 0.57 

614 0.7 -100 12.30 8.48 16.92 6.17 22.32 27.35 6.46 - 

615 0.3 -200 11.27 8.03 18.23 7.48 23.20 31.79 - - 

616 0.7 -200 10.40 7.81 11.00 6.73 22.66 35.63 5.37 0.39 

617 0.7 -200 the pulse stimulation was used 
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Fig. 1 – The microphotographs of surface (Zr-Ti-Cr-Nb)N 

coating (sample #613) 

 

The elemental analysis shows that ratio of elements 

in the composition of material has the same tendency in 

all obtained coatings: CC>CN>CCr>CTi>CZr>CNb>Cimpurities. 

Detailed elemental composition of coatings #613-616 is 

listed in the Table 1. Energy-dispersive X-ray spectrum 

obtained from the sample #614 (see Fig. 2) confirms the 

existence of elements presented in Table 1. 
 

 
 

Fig. 2 – The total energy-dispersive X-ray spectrum (sample #614) 

 

Because of the complexity of recognition N, O and C 

elements using energy-dispersive X-ray spectroscopy one 

can assume that oxygen is practically absent and nitro-

gen fraction should be slightly larger due to the reduc-

tion of carbon concentration. 

Also noteworthy is that Nb and Zr duplicate their po-

sition on X-ray maps. Consequently, Nb and Zr form the 

compounds (perhaps intermetallides) during deposition. 

We see corresponding drop fraction on the coating sur-

face. 

The concentration of nitrogen in the coating increas-

es as the pressure pN in chamber. The same could be 

observed with increasing of the negative substrate po-

tential Ub. 

The Table 1 also shows the concentration of carbon 

reduction in samples 614 and 615 which were fabricated 

at higher nitrogen pressure and substrate voltage re-

spectively. Perhaps it is connected with more compact 

structure of these samples due to the growth of Ub and 

pN. 

X-ray diffraction spectra of coatings are shown in 

Fig. 3. According to X-ray analysis the main phases in 

the coating may include intermetallic compound of Zr-Cr 

system. All diffraction peaks corresponding to a low-

temperature phase -ZrCr2 are clearly visible on spec-

trums. Also lines that correspond to a face-centered 

cubic lattice of NaCl type are allocated. 

 
 

Fig. 3 – X-ray diffraction patterns obtained for samples #613-617 

 

Based on analysis of phase diagrams for the Ti-Zr-

Cr-Nb-N system, can be assumed that solid solutions Ti-

Zr, Cr-Ti and Cr-Nb may be in coating. Deposition of 

films in a molecular nitrogen environment, and ele-

mental analysis assumes the formation of the surface 

nitride compounds. Films deposition in molecular nitro-

gen atmosphere and elemental surface analysis assume 

the formation of nitride (Ti, Cr, Nb, Zr)N compounds. 

Phase analysis indicates the presence of fcc TiN 

phase and tetragonal modification of Cr2N. Increasing of 

Cr content in the coating leads to diffraction peaks grow-

ing (probably due to the influence of tetragonal Cr2N 

phase with trigonal lattice and spatial group P31m), 

with lattice parameters: a = 0.4800 nm and c = 

0.4472 nm and extended period from increased nitrogen 

content (compare spectra 1, 2 and 3-4). 

Thus, the three-phase structure of interstitial phases 

(cubic, tetragonal and hexagonal crystal lattices) forms 

during deposition. 

Period and the crystallite size calculated for fcc lat-

tice is given in Table 2. The crystallite size in more com-

plex tetragonal lattice was about 5 nm. 
 

Table 2 – Size (L) and period of crystallites (for fcc lattice) 

Specimen #613 #614 #615 #616 

L, nm 5.2 4.5 5.1 6.9 

Period, nm 0.4365 0.4359 0.441 0.4381 

 

Microhardness measurements of samples are pre-

sented in Fig. 4. Growth of microhardness observed in 

coatings with larger crystallite size which were fabricat-

ed with increasing nitrogen pressure, increasing bias 

potential and using impulse stimulation. 
 

 
 

Fig. 4 – Microhardness measurements of coatings 
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Also, sample #616 became a leader in the adhesive 

tests (see Fig. 5). Comparative analysis shows that the 

coatings are erased, but not peeled during scratching 

(see Fig. 6).  
 

 
 

Fig. 5 – Results of adhesion tests 

 

 
 

Fig. 6 – The fragment of sample surface after indentation 

 

That is cohesive failure associated with plastic de-

formation and formation of fatigue cracks in the coating 

material takes place. The cohesive strength of multi-

component coating (Zr-Ti-Cr-Nb)N was determined from 

the measurements (LC=62.06 N). 

 

4. CONCLUSIONS 
 

The hardness of the obtained materials varies de-

pending on the deposition conditions, structure and 

phase composition. The three-phase structure was 

formed during deposition of specified systems: with cu-

bic, tetragonal and hexagonal crystal lattices. The max-

imum hardness was observed in coatings with the big-

gest crystallites size. They were obtained at high values 

of the nitrogen pressure in the chamber and substrate 

potential. The maximum hardness H=43.7 GPa was 

obtained using impulse stimulation. Indenter load val-

ues exceeding the cohesive strength of coatings were 

LC=62.06 N. 
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