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This article discusses proposals and recommendations for increasing the duration of
nitriding to obtain a layer thickness by studying the composition and structure of steel and
contrast materials using vacuum-ion-plasma coating methods when restoring details of
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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).

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.

implantation

Table 1
Influence of ion nitriding modes on the thickness
and hardness of the wear-resistant layer.

Duration of nitriding

(in h) to obtain a layer
thickness, mm v
Steel Tempera |0, |0, |0, |0, |O, MP’

ture,°C 15|12 |25 |3 |35 a

0, [0, |0, [0, |0,

2 |25|3 |35]|4
40X 50
4- | 7-|9- 12T 00-

520 - | 5-
5 (9 |12 15 | 18 55
00
40XF 51
A 520 4- | 6- | 8- _12 _15 00-
5 (8 |10 15 | 18 56
00
18HG 15 53
T 550 3- |4-|6- |9-| " |00-
4 |5 |8 |12 18 60
00
30X3 15 70
MF 530 4- 16-19- | 7| |00-
5 |8 |12 18 76
00
38X2 15 90
MYA 550 4- |5-|7- |9-| | 00-
5 (7 |9 |12 18 95
00

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 P6MS5 steel by the CIB method, when
friction with M14B2 grease on different
materials (linear contact)

H200 of | Specific volume

the wear, mm3/mm | Coeffic
Counter ,

counter NOKpHI | ient of
body counter .

. . | body TUS frictio

material .| body

materia 109) (x10'* | n

LGPa | X )
Copper 16000,6 0,11/0
M1 0,9 00 58/5,4 09
Technic 9
al 110/8 | 0,12/0
hardwa 16 000/14 0 ,08

0
re E
Grey
cast 3,2 70/2,1 | 40/3,5 %’23/0
iron ’
2 0,11/0

Steel 45 | 5,6 100/1,4 17/2,7 08
Steel
20X2H4
A 6,7/1, |0,14/0
(cement 94 140/2,8 3 ,03
bathroo
m)
38HMU
A steel 0,12/0
(nitride 11,1 340/4,9 | 11/2,0 09
d)

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.

References.

1. Py6ugunos, LI F. V. (2021). Bukpauru
NacT BaJ/llapra COBYK HWILJIOB Oepuil
ycyau. Scientific progress, 1(6), 413-417.

2. Tewaboes, A. 3., Pyouaunos, . F. v,
Haszapos, A. F. V., & Faiiparos, XK. F. V.
(2021). MamunHacosnukaa 103a
TO3aJIMTMHU Ha30paTHUHU
aBToMartJaul. Scientific progress, 1(5).

3. Nomanjonov, S., Rustamov, M.,
Rubidinov, S., & Akramov, M. (2019).

FEurasian Scientific Herald

www.geniusjournals.org

Page |29



Volume 9| June, 2022

ISSN: 2795-7365

10.

STAMP DESIGN. 9koHomuka u coyuynm,
(12),101-104.

Qosimova, Z. M. & RubidinovSh, G.
(2021). Influence of The Design of The
Rolling Roller on The Quality of The
Surface Layer During Plastic
Deformation on the
Workpiece. International  Journal of
Human Computing Studies, 3(2), 257-
263.

Pyouaunos, 1. . V., & Fauparos, XK. F.
V. (2021). lllTaMnapHy¥ TabMUpJAIIZAA
3aMOHAaBUW  TEXHOJIOTUS  XpOMJiall
yCyJuAaH doiipananuul. Scientific
progress, 2(5), 469-473.

Py6uaunos, IlI. F. V., & Ak6apos, K. H. V.
(2021). MamuHaco3/IMKAAQ COYUJIYBYAH
MaTepHalJIapHU TallUIAa
TpaHCIopTep TU3UMJIAPUHUHT
axaMusATH. Scientific progress, 2(2), 182-
187.

Pyouaunos, . I'. V., & Faiipartos, XK. I'.
Y. (2021). Kyn onepauusid ¢ppesanad
MIJIOB Oepuvlll MapKa3sWHUHI TaHa
JleTa/ylapura  MILJIOB Gepuuigaru
YHYMJIOPJIUTUHU Taxsuau. Oriental
renaissance: Innovative, educational,
natural and social sciences, 1(9), 759-
765.

Py6bupnuuos, 1. F. V. (2021). Ak6apoB
KNy MAIIWHACO3JIMKJA
COYUJIYBUAH MATEPUAJIJTAPHU
TAIIUIIAA TPAHCIIOPTEP
TU3UMJIAPUHUHT
AXJAMUATMU. Scientific
182-187.

Pyobugunos, ll. F. Y., Faiipatos, XK. . V.,
& Paiiumxonos, K. P. V. (2021).
U3HOCOCTOUKUE
METAJIJIOITIOIOBHBIE

COEAMHEHMWUHI. Scientific progress, 2(8),
441-448.

Py6buguuos, ll. F. V., & Paumxonos, K.

progress, 2(2),

P. V.  (2022). HW3MEHEHHUE
MUKPOPE/IbE®A TIOBEPXHOCTU U
LIEPOXOBATOCTHU JIONTYCKOB
JIETAJIEN MOCJIE XUMHUKE-
TEPMUUYECKUI OBPABOTKH

BOPUPOBAHMUA. Scientific
progress, 3(1), 34-40.

11.

12.

13.

14.

15.

16.

17.

Akramov, M., Rubidinov, S., & Dumanov,
R. (2021). METALL YUZASINI
KOROZIYABARDOSH QOPLAMALAR
BILAN QOPLASHDA KIMYOVIY-TERMIK
ISHLOV BERISH AHAMIYATI. Oriental
renaissance: Innovative, educational,
natural and social sciences, 1(10), 494-
501.

TypaeB, T. T. Tonsoagues, A. A,
Pyounuunos, ll. F., & XaiipaTtos, K. F.
(2021). [TAPAMETPBI 4
XAPAKTEPUCTHUKU IEPOXOBATOCTHU
[TIOBEPXHOCTHM. Oriental  renaissance:
Innovative, educational, natural and
social sciences, 1(11), 124-132.
Pyouaunos, I. F. Y., FaitpaTtos, XK. F. Y,

& AxmenmoB, Y. A Y. (2022).
MATEPHAJIBI, CITOCOBHBIE
YMEHBIIUTDb KO3ODPULIUEHT
TPEHUA JAPYTUX

MATEPHAJIOB. Scientific progress, 3(2),
1043-1048.

Kocumosga, 3., AkpamoB, M., Py6uauHos,
III., OMoHOB, A., OnuMoB, A., & HOHyCOB,

M. (2021). TOYHOCTD
W3rOTOBJIEHMS ~ TOPIIHEM B
3ABHCHUMOCTH OT BbIBOPA

3ATOTOBKHM. Oriental renaissance:
Innovative, educational, natural and
social sciences, 1(11), 418-426.
Mamadjonov, A. M., & Shermahammad
o'gli, X. (2021). RAQAMLI DASTUR
BILAN BOSHQARILADIGAN
DASTGOHLAR UCHUN DETALLARGA
ISHLOV BERISH DASTURINI ISHLAB
CHIQISH. Scientific progress, 2(1), 11-17.
Mamadjonov, A. M., & Ruzaliyev, X. S. O.
G. L. (2021). SIEMENS NX 12.0 DASTURI
YORDAMIDA RAQAMLI DASTUR BILAN
BOSHQARILADIGAN DASTGOHLAR
UCHUN TEXNOLOGIK JARAYONLARNI
LOYIHALASH. Scientific  progress, 1(6),
397-401.

Ruzaliev, K. S. U. (2022). ANALYSIS OF
RESEARCH ON THE TREATMENT OF
DETAILS ON THE INNER CYLINDRICAL
SURFACE LAYER. Oriental renaissance:
Innovative, educational, natural and
social sciences, 2(4), 281-290.

FEurasian Scientific Herald

www.geniusjournals.org

Page |30



Volume 9| June, 2022

ISSN: 2795-7365

18. OcydkoHoB, O. T. v, Py3anues, X. 1. v,
& Typryn6ekos, A. M. ¥. (2022). OB30P
71 AHAJIN3 PETEHUPALIUU
ACDAJIbTOBETOHA. Oriental
renaissance: Innovative, educational,
natural and social sciences, 2(4), 528-
540.

19. Tema6oes, A. M., & Pyobuauunos, Il F. VY.
(2022). BAKYYMHOE MOHHO-
[IJIASMEHHOE TIOKPBITUE JETAJIEW
71 AHAJIN3 M3MEHEHUA
[TOBEPXHOCTHBIX CJIOEB. Scientific
progress, 3(2), 286-292.

20. Tema6oes, A. M., Pyouaunos, lII. F. V., &
Faiipatos, K. T. V. (2022). AHAJIW3
PEMOHTA TOBEPXHOCTEH JIETAJIEA
C 'A3BOTEPMHUYECKHUM U
'AJIbBAHUWYECKHUM
[IOKPBITUEM. Scientific progress, 3(2),
861-867.

21.Yulchieva, S. B. Olimov, A, & yusuf
Yunusov, M. (2022). Gas Thermal and
Galvanic Coatings on the Surface of
Parts. International Journal of Innovative
Analyses and Emerging Technology, 2(2),
26-30.

22.Pyouaunos, IlI. T. v, Mypopnos, P. T. v,
& Xakumxonos, X. T. V. (2022).
XAPAKTEPUCTUKU U3HOCOCTOUKUX
MTOKPBITUIA /1
MOJUPULIUPOBAHHBIX
MTOKPBITHUW. Scientific  progress, 3(3),
371-376.

23.Mamirov, A. R, Rubidinov, S. G., &
Gayratov, J. G. (2022). Influence and
Effectiveness of Lubricants on Friction
on the Surface of Materials. CENTRAL
ASIAN JOURNAL OF THEORETICAL &
APPLIED SCIENCES, 3(4), 83-89.

24.Mamatov, S. A, (2022). Paint
Compositions for the Upper Layers of
Paint Coatings. Middle European
Scientific Bulletin, 23, 137-142.

25. Teshaboyev, A. M., & Meliboyev, I. A.
(2022). Types and Applications of
Corrosion-Resistant  Metals. CENTRAL
ASIAN JOURNAL OF THEORETICAL &
APPLIED SCIENCES, 3(5), 15-22.

26.Pyouaunos, II. F. Y., Kocumona, 3. M,,
Faitparos, XK. F. Y., & Akpamos, M. M. V.

(2022). MATEPHWAJIbI
TPUBOTEXHUYECKOI'O HA3HAYEHMNA
3PO3MOHHEIN M3HOC. Scientific
progress, 3(1), 480-486.

27.Tema6oes, A. 3., Py6ugunos, 1. F. V.,
Hazapos, A. F. V., & Faupartos, K. T.
V.(2021). MammMHacosIMKAa  103a
TO3aJIMTMHU Ha30paTUHU
aBToMartJiall. Scientific progress, 1(5).

28.10cynos, C. M. Faiipatos, XK. F. V¥,
Hazapos, A. T. V., & Kcydxonos, O. F. V.
(2021). KoMna3uuuoH MaTepuaJlapHU
6opusau. Scientific progress, 1(4).

29.Ocydpxonos, 0. F., & Faitpartos, XK. T.
(2021). UltaMnuiam >xkapaéHuja HILYU
103aJIapHHU ednIMiIra
6apOLITUIUT UHU OLIMPHULIJA
MOWJIALIHU axamusaTu. Scientific
progress, 1(6), 962-966.

30.0’G’Li, O. G. A. (2021). SHTAMPLARNI
TA'MIRLASH USULLARI
TAHLILI. Scientific progress, 2(1), 1628-
1637.

31. OcydxkoHnos, O. T. V. Py3anues, X. 1. V.
& TypryH6ekos, A. M. V. (2022). OB30P
U AHAJIN3 PETEHUPALIMU
ACOAJIBTOBETOHA. Oriental
renaissance: Innovative, educational,
natural and social sciences, 2(4), 528-
540.

32.Djurayev, A., & Yuldashev, K. (2020).
Dynamics of the Screw Conveyor for
Transportation and Cleaning of Fiber
Material. International ~ Journal of
Advanced Science and Technology, 29(5),
8557-8566.

33.10cynoB, C. M., Fauparos, K. T. v,
Hazapos, A. F. V., & HOcydskonos, O. F.
V.(2021). KOMITA3UIIMOH
MATEPUAJIJIAPHU BOPJIALLL Scientific
progress, 1(4).

34. Marifovich, T. A. (2022). Theoretical
Basis of Safety of Life Activity. European
Journal of Research Development and
Sustainability, 3(1), 97-99.

35.PycramoB, M. A. (2021). MeToasl
TEPMUUYECKOU 06paboTKH Jis
MOBBIIIEHUS]  MPOYHOCTU  3y0OUYATHIX
KoJiec. Scientific progress, 2(6), 721-728.

FEurasian Scientific Herald

www.geniusjournals.org
Page |81



Volume 9| June, 2022 ISSN: 2795-7365

36. Akbaraliyevich, R. M. (2022). Improving
the Accuracy and Efficiency of the
Production of Gears using Gas Vacuum
Cementation with Gas Quenching under
Pressure. CENTRAL ASIAN JOURNAL OF
THEORETICAL & APPLIED
SCIENCES, 3(5), 85-99.

37.AkpamoB, M. M. (2021). lloBbilieHuE
dU3NKO-MexaHU4YeCKHUX CBOUCTB
CTa/IbHBIX JeTajJeld NMpHU MJIACTUYeCKON
febopManiioHHON o06paboTke. Scientific
progress, 2(6), 129-133.

38.AkpamoB, M. M. (2022). Kparkas
XapakTtepuctuka [opsadynx LIMHKOBBIX
[TokpbiTuii. CENTRAL ASIAN JOURNAL
OF THEORETICAL & APPLIED
SCIENCES, 3(5), 232-237.

39. KocumoBa, 3. M., & Akpamos, M. M. V.
(2021). TexHONIOTUYECKHE OCOOEHHOCTHU
M3rOTOBJIEHUS nopiuHew. Scientific
progress, 2(6), 1233-1240.

40. Mamypos, 3. T. (2021). Metaninapra
Kecub MIIOB  Oepulljla  KOHTAKT
»KapaéHJIapHUHT BUOPOAKYCTUK
CUTHaJIra TabCUPHU. Science and
Education, 2(12), 158-165.

41. Mamypos, 3. T. (2021). KecyBuu ac606
XOJIJATUHU  Ba  KeCHIl J>KapaéHWHU
BUOPOAKYCTUK CUTHAJ acocuja
TauIxycanl. Science and
Education, 2(12), 133-139.

42.Mamurov, E. T. (2022). Study of the
Dependences of Specific Energy
Consumption on the Elements of the
Cutting Mode as an Informative
Parameter of the Cutting Process. Middle
European Scientific Bulletin, 24, 315-
321.

Eurasian Scientific Herald www.geniusjournals.org
Page | 82



