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Transition metal nitrides of Mo and Cr are characterized by a relatively low heat of formation. The possibilities of elemental and 
structural engineering of vacuum-arc coatings based on Mo and Cr under the influence of the bias potential Us and the reaction gas 
pressure PN have been studied. It was found that at a relatively small thickness of the layers of nanometer range, which provides 
superhard state of the coatings, the supply of Us with the value of above the critical leads to a drop in hardness, which can be 
explained by mixing of layers at the interphase boundary. 
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Нитриды переходных металлов Mo и Cr характеризуются сравнительно низкой теплотой образования. Были изучены 
возможности элементной и структурной инженерии вакуумно-дуговых покрытий на основе Mo и Cr под влиянием 
потенциала смещения Us и давления реакционного газа PN. Было обнаружено, что при сравнительно небольшой толщине 
слоев нанометрового порядка, который обеспечивает сверхтвердое состояние покрытий, подача Us величиной, 
превышающей критическое значение, приводит к падению твердости, что можно объяснить перемешиванием слоев 
межфазной границы. 
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potential and pressure) two series of coatings were obtained: series 1, formed at PN = 7 x 10–4 Torr and Us = -20 V, -70 V, -150 V and 
series 2, formed at PN = 3 x 10–3 Torr and Us = -20 V, -70 V, -150 V and -300 V. At low pressure of PN = 7 x 10–4 Torr the formation of 
lower nitrides β-Cr2N (hexagonal lattice, JCPDS 35-0803) и γ-Mo2N (cubic fcc, JCPDS 25-1366) takes place, with the compliance of 
interplane distances of the planes (111)β-Cr2N/(200)γ-Mo2N and (110)β-Cr2N/(111)γ-Mo2N. The presence of structures with the same 
interplanar spacings in the contacting layers may indicate the correlated growth of these two structures. With the increase of bias 
potential Us predominant growth of (111)β-Cr2N/(200)γ-Mo2N is observed. 

At a pressure PN = 3 x 10-3 Torr, occurs the formation of cubic (structural type NaCl) lattice in both layers. At the same time, with 
an increase of Us, the transition from polycrystalline non-oriented state at Us = -20 V to the preferred orientation of the growth of 
crystallites during the deposition with the axis of the axial texture [100] at the bias potential Us, which is greater than the absolute value 
of -70 V. The appearance of this type of texture is apparently due to the relative decrease in the nitrogen content in the coating with the 
increase in the absolute value of Us, which is expressed by the appearance in of chromium nitride phase β-Cr2 in the layers  
at Us = -300 V.  

The obtained wide range of structural states of multilayer coatings defines the significant changes in its mechanical characteristics. 
Thus, from the dependence of hardness on the bias potential Us shown in Fig.2 it is seen, that the highest hardness value is achieved at 
the lowest Us and high pressure PN, providing stoichiometric nitrogen composition. 

The reduction of hardness at lower pressure can be associated with the formation of vacancies in the nitrogen sublattice due to its 
smaller content in the coating in comparison with the stoichiometric composition. 

The reason of the decrease in hardness with increasing Us is the intensification of the mixing process in the border area, which 
leads to the formation of a significant part of the solid solution with low hardness for relatively thin (about 10 nm) layers. 

 

 
 

Fig. 2. The dependence of hardness of the coatings of the applied negative bias potential during the deposition: 1 - PN = 7 x  
x 10 -4 Torr, 2 - P N = 3 x 10 -3 Torr 

 
CONCLUSIONS 

1. With the decrease of working pressure of nitrogen atmosphere from 3×10–3 Torr to 7×10–4 Torr, the depletion of the coating  
MoN/CrN by the nitrogen compound takes place. On a phase and structural level this leads to transition from two alike cubic 
structures γ-Mo2N with a wide homogenity area in the layers of MoN and Cr2N in the layers of CrN, to formation of lower phase by 
nitrogen β-Cr2N with hexagonal crystal lattice. 

2. The hardness of the coatings corresponds to high hardness state reaching 38 GPa wich lowers with the decrease of pressure 
during the deposition and applying of negative bias potential, which stimulates selective secondary spraying and depletion by light 
nitrogen atoms. 

This work has been implemented was a partial financial support of the Ministry of Education and Science of Ukraine in the frame 
of scientific research topics 0113U001079. The part of research has been carried out on the scientific equipment of the Center for 
collective use "Diagnostics of the structure and properties of nanomaterials" of Belgorod National Research University, under the 
financial support of the Ministry of Education and Science of Russian Federation in the framework of a project No. 14.594.21.0010, 
unique code RFMEFI59414X0010. 
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