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To form a high-quality coating at lower 

temperatures of the parts, it is necessary to 
increase the energy of the particles condensing 
on them. When particles with sufficiently high 
energy collide with a solid surface in micro-
volumes, conditions are created under which 
the formation of chemical bonds is ensured 
without volumetric heating of parts (which is 
the basis of all vacuum ion-plasma coating 
methods). Neutral and excited particles (atoms, 
molecules and clusters) with high energy 
(exceeding tens and hundreds of times the 
energy of thermal atoms and molecules) and 
ions, whose energy can be varied widely by 
changing the accelerating voltage, participate 
in the formation of the coating with these 
methods. 

Vacuum ion-plasma coating processes 
are characterized by the following main stages: 
generation of atomic or molecular flow of a 
substance, its ionization, acceleration and 
focusing, and, finally, condensation on the 
surface of parts or substrate. To generate a 
flow of matter, heating by a flow of electrons 
and various forms of gas discharges are used 
(smoldering, arc with non-consumable 
thermionic cathode, arc with thermionic auto-
emissive consumable, cathode). 

In relation to the needs of mechanical 
engineering, vacuum ion-plasma coating 
methods and the creation of modified surface 
layers can be divided into four groups: 

a) ion-diffusion methods carried out in a 
glow discharge; 
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b) methods based on the phenomenon of 
cathode sputtering in a DC discharge and in a 
high-frequency discharge; 

c) ion deposition; 
d) ion doping and implantation 

(implantation). 
An example of the methods of the first 

group is ion nitriding, which can be carried out 
at lower temperatures and at a much higher 
rate (Table.1), than traditional (as a result of 
radiation stimulation, the rate of nitrogen 
diffusion increases many times). Ion diffusion 
methods can also be applied for saturation on 
top. 

Table 1 
Influence of ion nitriding modes on the thickness 

and hardness of the wear-resistant layer. 

Steel 
Tempera
ture,°С 

Duration of nitriding 
(in h) to obtain a layer 
thickness, mm 
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When using methods based on the 

phenomenon of cathode sputtering, the coating 
is formed as a result of condensation of mainly 
neutral particles knocked out of the target by 

bombardment with inert gas ions (argon, 
krypton) having high energy. The energy of the 
particles of the applied material is at least an 
order of magnitude higher than the energy of 
the particles formed during evaporation in 
thermal vacuum methods. The methods make it 
possible to apply the most refractory and 
insufficiently stable compounds while 
preserving their stoichiometric composition, 
the application of which by vacuum methods is 
impossible. Systems with autonomous ion 
sources are used. Direct current spraying 
systems are used for coating of electrically 
conductive materials, high–frequency spraying 
systems are made of dielectrics. 

The advantages of methods based on the 
phenomenon of cathode sputtering are most 
fully realized in magnetron sputtering systems 
in which the discharge is carried out in crossed 
electric and magnetic fields. Due to this, the 
performance of magnetron sputtering systems 
is of the same order with the performance of 
installations operating according to the CIB 
method (with an electric arc evaporator). Their 
advantages include the absence of a drip phase, 
which allows the coating to be applied almost 
without distortion of the original surface 
quality. 

When using ion deposition methods, the 
particles of the deposited material, converted 
in one way or another into a gaseous or 
vaporous state, are ionized and accelerated in 
an electric field. The adhesion and service 
characteristics of coatings increase with an 
increase in the particle energy set by the 
accelerating voltage. In our country, the 
methods of CIB (condensation during ion 
bombardment), REP (inactive electron plasma 
spraying), etc. are used. Table 2 provides 
information on the wear resistance of coatings 
applied by the CIB method. 
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Table 2 
Trib technical characteristics of TiN coatings 

applied to P6M5 steel by the CIB method, when 
friction with M14B2 grease on different 

materials (linear contact) 

Counter
body 
material 

Н200 of 
the 
counter
body 
materia
l, GPa 

Specific volume 
wear, mm3/mm Coeffic

ient of 
frictio
n 

counter
body 
(109) 

покры
тия 
(1011

) 
Copper 
M1 

0,9 
16000,6
00 

58/5,4 
0,11/0
,09 

Technic
al 
hardwa
re E 

1,6 
9 
000/14
0 

110/8
0 

0,12/0
,08 

Grey 
cast 
iron 

3,2 70/2,1 40/3,5 
0,13/0
,03 

Steel 45 5,6 
2 
100/1,4 

17/2,7 
0,11/0
,08 

Steel 
20X2H4
A 
(cement 
bathroo
m) 

9,4 140/2,8 
6,7/1,
3 

0,14/0
,03 

38HMU
A steel 
(nitride
d) 

11,1 340/4,9 11/2,0 
0,12/0
,09 

Note. In the numerator – the values for 
the coating in the initial state, in the 
denominator – after polishing. 
 

Ion alloying, or implantation, is based on 
the phenomenon that at high energies ions 
penetrate into the crystal lattice to a great 
depth (thus alloying the surface layer of the 
part). This is facilitated by radiation-stimulated 
diffusion, thanks to which a layer is doped, the 
thickness of which is many times greater than 
the depth of the initial penetration of ions. The 
mechanical properties and wear resistance of 
the surface layers modified in this way also 
increase as a result of distortions of the crystal 
lattice that occur when ions of the alloying 
component are "driven" into it. 

Ionic coating methods are carried out 
with the participation of both physical (the 
composition of the applied material does not 
change) and chemical processes (new 
compounds are formed). With such methods, 
called reactive, plasma chemical reactions 
occur with ions of the working gas or additives 
specially introduced into the chamber. In this 
way, it is possible to obtain coatings from a 
wide variety of materials and in the most 
incredible combinations. The production of 
pure metals, carbides, nitrides, silicides, 
chalcogenides, oxides, etc. has been mastered. 
It is possible to obtain coatings of complex 
composition (for example, oxy carbides), 
multilayer or variable in thickness 
composition. 

Methods of applying diamond films with 
very high hardness have been developed. The 
formation of coatings using reactive (plasma 
chemical) processes occurs under 
nonequilibrium conditions. Due to this, 
chemical compounds can be formed in thin 
layers that differ greatly in composition, 
structure and properties from those observed 
for bulk materials (obtained under conditions 
close to equilibrium). 

A number of developed methods of ion 
coating are already being used in industry. Ion 
nitriding is successfully used. The durability of 
non-sharpened tools made of high-speed steels 
and hard alloys, as well as die tools and tooling 
increases several times with ion reactive 
application of thin layers (up to 10 microns) of 
some refractory substances (carbides, nitrides, 
oxides, oxy carbides). MoS2 coatings without 
binder applied by cathode sputtering have high 
antifriction properties. 
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