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MULTI-COMPONENT NITRATED ION-PLASMA Ni-Cr COATING 
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Method for ion-plasma deposition is applied for covering of heat-resistant Ni-Cr alloy XH78T. 

Coating deposition is performed under nitrogen gas atmosphere at the pressure from 3×10-5 to 1×10-2 Torr. 

The nitrogen content in the coating is reached up to 2,7 %. Nitrated coatings with a thickness of 184-222 

µm is obtained without embrittlement and with a uniform distribution of microhardness. The effect of the 

nitrogen pressure in a vacuum chamber on the structure of the coatings, which changes from homogeneous 

to columnar with conical crystallites, is presented. Nitration increases microhardness of the coatings from 

3669 to 7575 HV, the wear resistance of the coatings increases by 6-8 times. The received coatings can be 

used to increase the durability of metallurgical equipment parts. 
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1. Introduction 

High-strength coatings are used to protect rubbing parts in many industries. In 

metallurgy, friction conditions can be complicated by the operation of parts when exposed to 

high temperatures. Under these conditions, the coating must have a set of properties: heat 

resistance, strength, wear resistance and adhesion. The known one- and two-component 

coatings Ni, Cr, Ni-Cr, Ni-Co, Fe-Ni, being heat-resistant, do not provide a high level of 

strength. The hardness (HV) of these coatings is in the range of 1000–2000 MPa [1–3]. 

Coatings with carbides, nitrides and borides in their structure have increased heat resistance 

and the highest level of strength. Hardness of carbides – 10 GPa, nitrides – 30 GPa, borides – 

70 GPa [4]. But their disadvantage is high fragility, so the coating thickness does not exceed 

5 microns. For metallurgical equipment, it is relevant to apply heat-resistant coatings with a 

thickness from tenths of a millimeter to several millimeters. This increases the level of 

strength and wear resistance, which determines the life of the part. 

Nitration is a suitable way to protect the surface of parts operating at temperatures up to 

600 °C, which is consistent with the operating conditions of metallurgical equipment. The 

process takes place in an atmosphere of nitrogen gas, safe for workers and environmentally 

friendly. The ion-plasma method of coating in a gaseous nitrogen atmosphere has advantages 

over a purely gaseous one: significantly lower energy consumption, higher energy of particles 

bombarding the surface, which reduces the duration of the technological cycle; 

controllability, stability and predictability of the final processing parameters, their uniformity 

over the surface [5]. As a result of nitration, interstitial solutions are formed or nitride phases 

are precipitated. The bulk of research [5–7] is aimed at obtaining high-strength, but thin 

nitride coatings. Dissolution of nitrogen in Cr-Ni alloys significantly increases their strength 

and stabilizes the structure [8]. Based on this, it becomes possible to create heat-resistant and 

relatively thick coatings with a high level of strength. 

2. Material and Methods 

The material of the coatings was XH78T nichrome. The coatings were applied by ion-

plasma deposition. For nitration the coatings, nitrogen gas was supplied to the working area 

of the vacuum chamber with a constant pressure in the chamber. The pressure in the vacuum 

chamber without nitrogen addition was 3×10-5 Torr. During nitration, the pressure in the 

vacuum chamber was gradually increased to 1×10-2 Torr. 

Chemical  analysis  of  the  cathode  was  performed  with  an  ElvaX  ProSpector  X-ray 
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fluorescence spectrometer. 

The structure and chemical analysis of the coatings were studied on a SUPRA 40 

WDS scanning electron microscope manufactured by Carl Zeiss (Germany) using a Si-Li 

energy dispersive characteristic X-ray spectrometer (EDS) manufactured by Oxford 

Instruments (Great Britain). 

The strength of the coatings was determined by measuring the Vickers 

microhardness on a ПMT-3 hardness tester. Load value 100 g. 

The wear resistance of the coatings was investigated by abrasion on fine-grained 

abrasive paper P-800 with a grain size of 20,8–22,8 µm. Used grinding and polishing 

machine POLYTOUCH 2H (Italy) with regulation of the rate of abrasion and pressure of 

the sample to the abrasive surface. 

3 Results and discussion 

Nichrome coatings with a thickness of 184-222 µm were applied by the ion-plasma 

method. The chemical composition of the used cathode and the resulting coatings are 

shown in Table 1.  
Table 1 

Content of chemical elements in alloy XH78T and its coatings, % (wt.) 

 Ni Cr Ti Mn Fe Si N 

Cathode 77,90 19,09 0,29 0,28 0,61 1,03 - 

Coating without nitration, Р=3×10-5 Torr 73,55 22,10 0,15 0,06 0,49 0,03 - 

Coating with nitration, Р=1×10-3 Torr 73,80 21,42 0,15 0,49 0,48 0,23 - 

Coating with nitration, Р=5×10-3 Torr 69,59 20,62 0,21 0,49 0,51 0,27 1,92 

Coating with nitration, Р=1×10-2 Torr 68,58 22,35 0,19 0,62 0,51 0,26 2,69 

The nichrome coating has a reduced nickel content (73,6 % versus 77,9 %), but an 

increased chromium content (22.1 % versus 19.1 %) compared to the original 

composition of the sputtered cathode. When nitrogen is supplied and the pressure in the 

vacuum chamber is increased to 1×10-2 Torr, the amount of nickel is reduced to 68.6 %. 

With an increase in the nitrogen pressure in the chamber, the mass fraction of manganese 

and silicon in the coating increases, their amount is within the range of the grade 

composition of nichrome. No logical change in the chromium content has been 

established. The nitrogen content in the coating was not detected at its minimum pressure 

in the vacuum chamber of 1×10-3 Torr. Subsequently, as the pressure in the chamber 

increases, the nitrogen content in the coating increases to 2.7 %. The distribution of 

elements in the coatings is even in the longitudinal and transverse directions. 

The microhardness of the nichrome coating is 3669 HV (Fig. 1а).  

   
a b 

Fig. 1. Microhardness (a) and wear rate (b) of nichrome coatings at different nitrogen pressures 
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With the addition of nitrogen (P = 1×10-3 Torr) to the vacuum chamber, the coating 

hardness increases sharply to 7575 HV, i.e. 2 times, but with a further increase in its 

concentration, the increase in hardness is no longer observed. With increasing strength, 

the wear rate of coatings I decreases (Fig. 1b). The I values are calculated as the ratio of 

absolute linear wear to the friction path. I decreases 6–8 times at a nitrogen pressure not 

lower than 5×10–3 Torr. 

The nichrome coating has a uniform dense structure without the formation of a grain 

structure visible with a scanning electron microscope (Fig. 2a).  

 

  
a b 

  
c d 

Fig. 2. Structure of nichrome coatings at pressure Р=3×10-5 Torr (а), Р=1×10-3 Torr (b), 

Р=5×10-3 Torr (с), Р=1×10-2 Torr (d) 

Nitration changes the structure of the coatings. With increasing nitrogen pressure in the 

vacuum chamber, the formation of pores (Fig. 2b), columnar grains (Fig. 2c) and conical 

crystallites separated by voids (Fig. 2d) is observed. The reason for this may be a 

decrease in the surface mobility of the deposited atoms due to an increase in the nitrogen 

pressure in the chamber [9]. 

4. Conclusions 

Ion-plasma deposition allows the application of multicomponent coatings of 

nichrome ХН78Т with their simultaneous nitration. 

Nitration affects the chemical composition of the coating, its structure, strength and 

wear resistance. 
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Due to the dissolution of nitrogen in nichrome, it is possible to create thick (about 

200–250 µm) coatings with a high hardness of ⁓7500 HV and 6–8 times better wear 

resistance. With ion-plasma deposition of nichrome, the optimal nitrogen pressure in the 

vacuum chamber is within 5×10-3 Torr.  
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