Journal of Advanced Materials and Technologies. 2021. Vol. 6, No. 3

Reviews
Manufacturing processes and systems

YK 67.02/621.646 DOI: 10.17277/jamt.2021.03.pp.225-235

The analysis of ways to increase the durability
of shut-off valves loaded elements

Islam A. Alexandrov, Alexander N. Muranov@, Maxim S. Mikhailov

Institute of Design and Technological Informatics of the Russian Academy of Sciences,
18, str. la, Vadkovsky per., Moscow 127055, Russian Federation

D4 muranov@ikti.ru

Abstract: This review analyzes the problems caused by heavy wear of loaded friction elements of structures, which is
typical of almost all industries. This implies the importance of solving problems of increasing their durability.
Of particular relevance is the need to solve the problem of improving wear resistance of contact surfaces of special-
purpose shut-off valves, being an irreplaceable component of technical equipment used in the oil and gas industry as well
as processing industries, nuclear energy, and medicine. It is shown that the effectiveness of solving problems of increasing
durability of equipment is largely associated with additional standard processing of loaded friction elements of such
structures, and with the improvement of technologies for increasing wear resistance and strength characteristics of their
contact surfaces. The analysis of the possibilities of increasing wear resistance by mechanical methods of surface
treatment, as well as by methods of surface modification through various functional coatings has been made.
It is substantiated that the vacuum-arc method of ion-plasma spraying of a multilayer nanocomposite coating is the most
promising way of creating a functional coating to increase the wear resistance of valves. Widespread industrial
introduction of the method of beam surface modification of materials makes it possible to obtain such structural-phase
states of materials, which are not possible with traditional methods.
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AnHoTanusi: B Hacrosiiem 0030pe BBINOJIHEH aHaU3 POOJIeM, CBSI3aHHBIX C HAIMYHEM BBICOKOTO M3HOCA HArPYKEHHBIX
(DPUKIMOHHBIX 3JIEMEHTOB KOHCTPYKIHMH, XapaKTEpPHOI'O IPAKTUYECKH ISl BCEX OTpaciied mpoMblnuieHHOCTH. OTMedYeHa
Ba)XHOCTH PEIICHHs NPOOJIeM, CBSI3aHHBIX C MOBBIILICHHEM UX J10JAroBe4HOCTH. [loka3aHa oco0asi akTyallbHOCTh PEICHHUS
3a7a4n 00ecredeHus] N3HOCOCTOMKOCTH KOHTAKTHBIX INOBEPXHOCTEH 3allOpHOM apMaryphl CHENWaIbHOTO Ha3HAYEHHMS,
KOTOpasi SIBIAETCS HE3aMEHHMOW COCTaBIIIOIIEH TEXHMYECKOTO 00OpyIOBaHMSA, MWCIOJIB3yeMoro B cdepax
HedTerazono0bBatOIIe U mepepadaTHIBAONICH MMPOMBIIUICHHOCTH, aTOMHOW SHEPreTHKH, MeAWIUHBI. [loka3aHo, 9TO
3G PEKTUBHOCTD pEIICHHUS MPOOIIeM, CBI3aHHBIX ¢ 00eCIeUYeHHEM ONTOBEYHOCTH PA3IMYHON TEXHHUKH W 000pYHIOBaHUS
B 3HAYUTENIbHOM CTENEeHW CBj3aHa Kak C MPOBEACHHUEM JOTOJHUTEILHOW THIIOBOW TEXHOJOTHYECKOH 00paboTKu
Harpy’>kK€HHBIX (DPUKLHMOHHBIX 3JIEMEHTOB TAKUX KOHCTPYKLUMH, TaK W COBEPLICHCTBOBAHHUEM TEXHOJIOTHH ITOBBILICHHS
WU3HOCOCTOMKOCTH M NPOYHOCTHBIX XapaKTEPUCTUK MX KOHTAKTHBIX NOBEPXHOCTEH. BBIMOMHEH aHanmnM3 BO3MOXKHOCTEH
MOBBILICHUSI M3HOCOCTOMKOCTH MEXaHMYECKHMH Crocobamu 00pabOTKM IOBEpXHOCTEH, a Takke crocodaMu
MOJU(UKAIMK OBEPXHOCTH 32 CUET HAHECEHUsI Pa3IMYHBIX (DYHKIHMOHAJIBHBIX MOKPBITHiL. /laHO 000CHOBaHME TOTO, YTO
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BaKyyMHO-IYTOBOM METOJ HOHHO-IUIa3MEHHOI'O HAIBUIEHHS MHOTIOCIONHOTO HAHOKOMIIO3HTHOTO MOKPBITHS SBISETCA
Hanboiee MEPCIEKTHBHBIM CHOCOOOM CO3IaHus (YHKIMOHAIBHOTO IOKPBITHA JUIS IOBBIMICHUS H3HOCOCTOMKOCTH
JJIEMEHTOB 3alOpPHOW apmarypsbl. IlokazaHbl MOTEHIUAILHBIE BO3MOKHOCTH HIMPOKOTO BHEAPEHHSA B IMPOMBIILIEHHOCTD
cnoco0a My4YyKoBOH MOBEPXHOCTHOW MOJU(HKAIMKA MaTEPHAJIOB, IMO3BOJISIOLIETO MOJIy4aTh TaKue CTPYKTYPHO-(a3oBbie
COCTOSIHUSI MATEPUAJIOB, KOTOPBIE IIPYU TPAJAULIUOHHBIX METO/IAX HE PEAIU3YIOTCA.

KoaioueBsle ciioBa: 3arnopHas apMarypa; TPEeHHE; H3HOCOCTOWKOCTh; HOHHO-TUIA3MEHHOE HAIbIJICHUE; BAKYYMHO-IyTOBOH
METOA; IIYYKOBasd IMOBEPXHOCTHAA MO}Il/Iq)I/IKaL[I/Iﬂ MaTreprajioB; HAHOKOMIIO3UTHBLIC TMOKPLITHSA, MHOTOCJIOMHBIE
(YHKIMOHAIbHBIE TIOKPBITHSL.
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1. Introduction

Most products, assemblies, and parts are subject
to wear and tear, i.e. a gradual destruction and
degradation of properties caused by changes in shape,
size and physicochemical characteristics.
The resulting changes usually accumulate gradually,
but can also lead to an avalanche-like degradation
and subsequent destruction of loaded structural
elements. Often, the main reason for these
phenomena is associated with the processes of
friction of loaded structural elements [1].

In mechanical engineering, the problem of
intensive wear of loaded friction elements of various
structures, such as the contact surfaces of valves,
cutters of cutting tools, friction clutch disks, bearings,
shafts, axles, liners, etc. is quite acute. They are
subjected to various types of wear, among which one
should note adhesion, abrasive and fatigue types of
wear caused by molecular adhesion on the surface of
contacting bodies and the subsequent destruction of
the formed bonds, the surface damage by small
particles of other materials and the changes in the
structure of the material [2, 3 ]. In particular, the main
type of wear of shut-off valve elements (O-rings of
valves, spindles and slide nuts in their threaded
connection, shafts in slide bearings, plungers and
seats of control valves, etc.) is adhesive wear, which
manifests itself during the friction of any hard
surfaces [4, 5]. Serious breakdowns can also be
caused by the results of abrasive wear of the shut-off
valve parts with debris that gets inside the pipeline
during installation, as well as the results of erosion,
cavitation and chemical wear, as well as thermal wear
of polymer parts [5, 6].

Due to continuous technical improvement,
accompanied by an increasing range of operational
capabilities and loads, as well as the need for special
equipment to work in extreme conditions, the
solution to the problem of providing wear resistance
and durability of technical tools and equipment
remains an urgent scientific and technical problem [7].

Shut-off valves are increasingly used in the
construction of systems, assemblies and equipment
involved in industrial technological processes under
conditions of high pressure at both high and low
temperatures. They are designed for installation on
pipelines for specialized and medical purposes, such
as transportation of various liquid and gaseous media,
including chemically aggressive ones: acidic,
alkaline, salt, abrasive, etc. high requirements in
terms of reliability and durability. A general view
illustrating a typical design of shut-off valves is
shown in Fig. 1, in which the following parts are
numbered: / — body; 2 — branch pipe; 3 — plug; 4 —
spindle; 5 — outlet flange; 6 — seat; 7 — nut; 8§ — stud;
9 — valve flange; /0 — valve nut; /7 — valve stud.

The effectiveness of solving problems of
improving durability of technology and equipment is
largely associated with the improvement of
technologies for increasing wear resistance and
strength characteristics of contact surfaces. In this
regard, the purpose of this paper is to review and
analyze effective methods of increasing wear
resistance of loaded elements of shut-off valves.

2. Analysis of the main processing methods
of increasing wear resistance of products

An increase in durability and reliability of
products is closely related to an increase in their wear
resistance. It is advisable to wuse scientifically
grounded approaches at the design stage of friction
units for an effective solution of this urgent problem.
The rational choice of materials for wear resistance,
the optimal design of friction units and the
optimization of the operating conditions of the
designed products are important for an increase in
their service life [8].

With regard to the solution of the problem of
ensuring the deceleration or preservation of the speed
and degree of wear of products currently used in
various areas of the mechanical engineering, it is
necessary not only to meet the requirements for
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Fig. 1. General view drawing of a flanged valve

operating conditions, timely maintenance and
scheduled preventive maintenance, but also use
effective lubricants and a wide range of practical
processing methods aimed at increasing wear
resistance of mating surfaces of technical tools and
equipment. The main purpose of lubricants is to
reduce frictional resistance and reduce wear on
friction surfaces. Liquid (oils, water, high
concentration sulfuric acid, emulsions and other
liquids), gaseous (air and gas lubricants), plastic and
solid (talc, graphite, molybdenum disulfide, etc.)
lubricants have found wide application [8].

To increase durability and wear resistance of
friction units for various purposes, a number of
processing methods such as cutting, surface plastic
strain hardening, heat treatment, thermomechanical
processing and chemical treatment, application of
wear-resistant coatings, surfacing, gas-flame spraying,
plasma spraying, electric arc spraying, detonation
spraying, sprayfusing, etc. are used [8—10].

The cutting method is based on the action of the
cutting tool, causing the compression of the metal
layer being cut off. The resulting deformations in the
cutting zone contribute to an increase in the hardness
of the surface layer and a decrease in its plasticity.
For example, as a result of such strain hardening of
the surface layer of a part made of aluminum, its
microhardness increases in comparison with the
initial one by 90-100 %, while the increment for steel
is 40-50 %.

The method of surface plastic strain hardening is
aimed at increasing the fatigue resistance and
hardness of the surface layer of the metal and the
formation of compressive strain in it, and surface

roughness [8]. For example, hardening of natural
steel occurs due to structural and substructural
changes (changes in grain structure, density and
interaction of dislocations and vacancies, etc.), the
occurrence of additional microstrains.

Also, in order to change the structure and
properties of metal without changing its chemical
composition, various methods of heat treatment are
used [11, 12]. These are associated with heating and
cooling of metal in the solid state, such as annealing,
normalization, quenching, tempering, as well as
thermomechanical processing. Annealing makes it
possible to reduce internal stress, and achieve grain
refinement. Such processing gives the steel plasticity,
brings its structure into a more equilibrium state.
Normalization also contributes to the elimination of
the coarse-grained structure of the metal and the
leveling of its mechanical properties, as a result of
which the hardness and strength of the steel become
higher than that during annealing. The most common
type of hardening heat treatment of medium and high
carbon steels is quenching followed by tempering.
Surface hardening (high-frequency heat treatment,
contact hardening, plasma hardening, electrolytic
hardening, laser hardening, etc.) contributes to
reaching high hardness in the surface layer while
maintaining the viscous core of the part [13], while
tempering (low, medium and high types) results in
reduction of quenching stresses and reduction of
hardness in order to obtain required mechanical
properties.

Low and high temperature thermomechanical
treatment comprises a series of operations of plastic
deformation and heat treatment combined in one
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¢t process: heating, plastic deformation and cooling.
The optimal combination of plastic deformation and
phase transformations leads to an increase in density
and to a redistribution of imperfections in the crystal
lattice of the metal, that is, to a structural state that
provides a significant increase in mechanical
properties. For example, as a result of
thermomechanical treatment, the tensile strength of
steel increases by up to 1.5 times compared to
conventional heat treatment, while the ductility
doubles.

Due to its simplicity, accessibility and high
efficiency, various types of chemical-thermal
treatment have become very widespread. They
involve the process of surface saturation of the
material with various elements in order to give the
desired properties to the surface and the subsurface
layer. Among such methods, one can distinguish
carburizing, nitriding, low-temperature and high-
temperature cyanidation, aluminizing, chromium
plating, siliconizing, boriding, etc. They differ from
other types of heat treatment because they cause not
only structural changes, but also changes in the
composition and structure of the surface due to
diffusion of elements in an atomic state from the
external environment at high temperatures [14].

To impart heat resistance, corrosion resistance,
hardness, wear resistance and other properties to the
surface of steel parts, the technology of diffusion
metallization is used. It involves the process of
diffusion saturation of the surface with metals.
Diffusion metallization can be carried out in solid
(using ferroalloys with the addition of ammonia
chloride), liquid (immersing parts in molten metal)
and gaseous (chlorides of various metals) media
within a fairly wide range of technological processes,
in particular, such as siliconizing, aluminizing,
chromium plating, nickel plating, oxidation, iron
plating, etc.

Surfacing is used in restoration of worn-out and
manufacture of new parts of machines and
mechanisms. A layer of metal or alloy is applied to
the surface of the product by fusion welding.
The surfacing of functional coatings is used to obtain
a layer with the desired properties on the surface of
products [15]. The base metal provides the required
structural strength. The deposited metal layer gives the
part special specified properties: wear resistance, fire
resistance, heat resistance, corrosion resistance, etc.

Anti-friction non-abrasive finishing treatment is
also used in a number of processes. It implies the
friction surfaces of parts that are covered with a thin
layer (1-3 microns) of bronze, brass or copper, as a
result of which they acquire high antifriction

properties and contact stiffness. As a result of this
procedure, the friction coefficient is reduced by
1.5 times, and the wear resistance is increased
by 2-3 times.

Various methods of thermal spray of surfaces are
used to create wear-resistant, corrosion-resistant,
antifriction, heat-resistant, thermal barrier functional
coatings in the form of thin films on the surface.
There are a lot of such methods, including gas flame
spraying, high-speed flame spraying, detonation
spraying, fusion spraying, electric arc metallization
and activated electric arc metallization, plasma
spraying, etc. All of them are based on the processes
of heating, dispersion, and transfer of condensed
particles of the sprayed material onto a substrate by a
gas or plasma flow [15].

The features of thermal spraying of surfaces are:

— the possibility to apply coatings from various
melting materials;

— no mixing of the base material and the coating
material;

— slight heating of the surface during coating;

— the possibility of applying several layers, each
of which has its own function (for example,
corrosion-resistant and thermal barrier layers).

A wide range of problems related to the need to
maintain and slow down the speed and degree of
wear of parts in various areas of machine-building
industry will be solved with the help of rational use
of the above and a number of other processing
methods. For example, galvanization and coating
with special antifriction materials based on solid
lubricants that provide chemical resistance are widely
used methods of protection against damage and
corrosion of threaded elements of wvalves [16].
Compared to electroplated coatings, such coatings are
more resistant to wear and tear and continue to
operate after multiple cycles of assembly and
disassembly of valves. In Russia, a line of anti-
friction solid lubricating coatings with the addition of
polytetrafluoroethylene of MODENGY 1010, 1011
and 1014 grades is widely used for threaded fasteners
of shut-off valves (the Ilatter also contains
molybdenum disulfide).

To reduce the intensity of chemical wear to
which parts of valves are exposed under the impact of
working media (i.e. total corrosion — across the entire
metal surface, crevice corrosion, intergranular
corrosion and pitting corrosion), corrosion-resistant
metal and non-metallic coatings are used in
accordance with the Russian Standard 9.301-86.
Some of them, such as the MODENGY coatings that
have already been mentioned above have very high
anti-corrosion properties and are easy to use.
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The effectiveness of other coatings is not always
clear enough. For example, the results of a number of
experiments have shown that traces of corrosion
damage are possible on galvanic and gas-thermal
coatings, and corrosion of the base metal was found
on the laser-plasma coating [17—-19].

Traditional processing methods (galvanic
treatment, chemical-thermal treatment, painting,
applying polymer coating, etc.) used for treatment of
gate valve assembly elements or more modern ball
valves and other elements do not fully provide an
increase in wear resistance of friction surfaces in
valves.

Thus, a significant increase in wear resistance of
the loaded friction elements of the shut-off valve
structures becomes possible as a result of the
development and  implementation of new
technologies for surface modification of materials,
based, among other things, on the use of various
methods of thermal spraying of protective coatings.

3. High-strength protective coatings

The structural-phase state of a thin surface layer
has a significant and, in many cases, a dramatic
impact on the wear and fracture of high-strength
materials [19, 20]. The absence of a part of
interatomic bonds at the surface atoms determines the
special structure of the surface layer and its energy
state. This state should be considered not just as a
weakened crystal, but as a system of nanoclusters,
whose behavior is fundamentally different from an
equilibrium crystal with translational symmetry.
As a consequence, the surface layer under loading of
a solid more intensively loses its shear stability in
comparison with the volume of the crystal, exhibiting
specific mechanisms of plastic flow of a non-
dislocation nature [21].

In this regard, the further development of
technologies for the deposition of high-strength
coatings, which provide a decrease in contact
pressures by increasing the bearing capacity of the
surface and reducing the adhesive interaction on the
spots of actual contact, is an extremely urgent task.

It should be noted that at present many industries
have already introduced a number of varieties of
vacuum deposition technologies, which imply the
creation of a directed flow of particles of the sprayed
substance (atoms, molecules or clusters) in a vacuum
medium in the form of condensate, and its subsequent
deposition on the treated surface. There are several
methods of such spraying, for example, resistive
thermal evaporation, electron beam evaporation, ion-
plasma spraying, and others. In all these methods,

processes in a vacuum chamber can take place in a
reaction gas environment, with additional ionization,
bias voltage, or without the listed conditions.
Different metals (titanium, aluminum, copper, nickel,
chromium, etc.), their alloys (NiCr, Cr—Ni-Si, TiO»,
Al,O3, etc.), chemical compounds (oxides, carbides,
etc.), as well as cermet and composite glasses are
used as spraying materials.

The high performance thermal evaporation
method allows for deposition of a wide range of
materials, including organic and inorganic polymers
and metals. The method of electron beam evaporation
makes it possible to deposit refractory materials or
dielectrics on a substrate. In this case, the film is also
clean and homogeneous.

Vacuum ion-plasma methods are of great
importance among the methods of applying
protective coatings through the action of high-energy
particle and quantum fluxes on the surface of the part.
Their characteristic feature is structural-phase
transformations in the condensate deposited on the
surface and in the very surface layer of a part placed
in a vacuum chamber [22].

The main advantages of these methods are the
ability to create a high level of physical and
mechanical properties of materials in thin surface
layers; application of dense coatings of refractory
chemical compounds that cannot be obtained by
traditional methods.

The most widely used in mechanical engineering
are two fairly universal methods of ion-plasma
spraying of coatings: magnetron sputtering and
vacuum-arc deposition [19].

In the process of magnetron sputtering, a feature
of which is a relatively high gas pressure in the
chamber, high-energy particles moving in the plasma
collide and separate atoms from the surface of the
target material, which then condense in the form of
a film on the substrate. The spraying process takes
place at a high speed. The resulting film coating, the
composition of which is identical to the target material,
has high adhesive properties. The magnetron
sputtering method makes it possible to deposit films
on substrates with low heat resistance.

The method of vacuum-arc deposition of
coatings utilizes the movement of ions in a vacuum
thin-film technology resulting in formation of thin
films on a substrate (product, parts) by condensation
of material from plasma flows generated on the target
cathode in the cathode spot of a vacuum arc of
a high-current low-voltage discharge (current strength
150-300 A at a voltage of 20-30 V), which develops
exclusively in the vapors of the electrode material.
A wide range of superhard and nanocomposite
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coatings can be synthesized using this technology,
including TiN, TiAIN, CrN, ZrN, AICrTiN and
TiAISiN. Also, this technology is widely used for the
deposition of diamond-like carbon films. Since the
deposition of this type of coatings is especially
sensitive to parasitic inclusions (macroparticles), the
equipment for this technology necessarily uses
plasma beam filtration. The vacuum arc can also be
used as a source of metal ions/plasma for ion
implantation or combined plasma immersion ion
implantation with coating deposition.

The high-performance method of vacuum-arc
evaporation is used to spray refractory metals and
complex alloys; the resulting coatings have high
adhesion to the substrate, dispersed structure and low
porosity.

One of effective ways of changing the structure
and tribomechanical properties of steels and alloys
involves ion-beam modification of the surface layer
with high-energy ion fluxes. When the material is
exposed to a powerful pulse of an ion beam, a surface
layer with a thickness of the order of the path of
particles in the material (10-100 pm) is rapidly
heated to the temperature of phase transitions, i.e. to
the melting temperature. If a layer of material heated
in this way is rapidly cooled by removing heat into
the thickness of the material by means of thermal
conductivity, then the microstructure and phase
composition of the surface layer change [23].
For example, the grain size is reduced from hundreds
of microns to fractions of a micron. The phase
composition is homogenized; for example, carbides
are crushed and uniformly distributed in steels. With
a change in the phase composition, the appearance of
metastable phases and compounds is possible, which
cannot be formed by conventional methods of heat
treatment of materials [24].

The method of beam surface modification of
materials is based on ion sputtering, ion implantation,
as well as implantation by recoil atoms or ion mixing.
As part of these procedures, the following processes
take place — cleaning and surface preparation of
substrates before spraying coatings to improve
adhesion; introduction of high-energy ions into the
surface layer of the material during its bombardment;
introduction of recoil atoms rather than primary high-
energy ions into the doped material, including those
removed from a thin film previously deposited onto
the workpiece [19].

The maximum sputtering effect is possessed by
the ions of those elements that have filled d-shells
(Pb, Sb, Sn, Cd, etc.), as well as ions of elements with
filled p-shells (ions of inert gases). The maximum
yield of emitted atoms is also observed from metals
with filled d-shells.

It should be noted that the hardening effect is
characterized by a number of phenomena that have a
certain effect, the value of which depends on the
temperature and type of the processed material, ion
irradiation regimes and the type of ions. Possible
mechanisms for modifying surface properties include
hardening caused by the formation of solid solutions
(in this case, an energy barrier slows down the
movement of dislocations), the pinning of
dislocations by an embedded impurity (atoms,
complexes, precipitates) and radiation defects,
a decrease in the grain size, an increase in the area
grain boundaries that prevent the movement of
dislocations and slip bands, blocking of dislocations
by internal elastic stresses caused by the volume
mismatch of the interstitial atoms and the occurrence
of pore precipitates. They also include the formation
of structures with hardening phases that cause
precipitation hardening. Thin layers of oxides,
sulfides, or carbon-rich layers formed during ion
bombardment often act as a solid lubricant that
reduces the coefficient of friction and wear of
materials. At the same time, as a result of spraying, a
significant smoothing of the surface occurs, and
micropoints disappear. This process is essential for
wear and friction.

The medium-energy area of ion implantation has
received the most intensive development and
widespread practical application so far. When using
the method of implantation by recoil atoms and ion
mixing, effective doping and mixing is achieved at
lower doses and radiation energies than in the method
of direct implantation [19]. A significant drawback of
implantation with recoil atoms is sputtering of the
surface film during bombardment; it is overcome by
developing the method of dynamic mixing, when the
surface is bombarded with a high-energy ion beam,
simultaneously with the deposition of alloying
substance atoms on it.

Using the method of beam surface modification
of materials, it is possible to form alloys and an
amorphous layer on the working surfaces, increase
the wear resistance of friction parts of mechanisms by
2—4 times, increase the dynamic strength of products
by 2—4 times, and more than double the corrosion
resistance of the working surfaces of parts from steels
and alloys.

A significant increase in the mechanical
properties of the near-surface regions of metals and
alloys during ion implantation, by methods of ion-
plasma and ion-beam spraying of coatings, is
influenced not only by the ion energy (Fig. 2), but
also by the type and dose of ions, the composition of
the coating, the gas pressure, material, substrate
temperature and other parameters [25].

230 Alexandrov I.A., Muranov A.N., Mikhailov M.S.



Journal of Advanced Materials and Technologies. 2021. Vol. 6, No. 3

Fig. 2. SEM images of the cross-section of TiN coatings obtained at a substrate temperature
of 500 °C and a bias potential of —200 V (a) and —500 V (b) [26]

It should be noted that refractory compound as a
coating does not always meet the requirements for
protective wear-resistant coatings operating under
high thermo-mechanical loads. In this regard, when
using the methods of ion-plasma and ion-beam
spraying, multicomponent coatings are being
increasingly used [19, 26] (Fig. 3). It was found
[27-30] that when adding one or more chemical
elements, which are insoluble in the base substance or
have limited solubility, to the base material of the
coating, its grain structure is refined. The added
elements segregate along the grain boundaries of the
main component in the form of a very thin
nanocrystalline or amorphous layer, which acts as an
obstacle to further grain growth. As a result of this
mixing process, it is possible to obtain single-layer
two-phase solid and superhard composite coatings, in
which the solid grains of the main phase are separated
by thin layers of atoms of another phase, segregated
along the boundaries of the first [19].

A number of scientific and practical works on
the development of technologies for obtaining
multilayer coatings (including those based on the
possibilities of methods of ion-plasma and ion-beam
spraying of coatings), in which microlayers,
consisting of materials differing in composition and
structure, with a thickness of 0.05-0.5 microns
alternate [32, 33]. Thus, in [34], the use of
a multicomponent multilayer composite coating

(Zr—ZrN—(Crg 58719 20Alp22)N) with a nanoscale
structure, developed through the experimental
studies, and consisting of three functional layers
(wear-resistant layer, intermediate barrier layer,
adhesive sublayer), the practical research problem of
increasing the durability of the cutting tool during
end milling of the titanium alloy VT20 was solved.
In this case, coatings were used as alternatives, the
microstructure of which is shown in Fig. 4 [34].

Fig. 3. SEM images of the cross-section of a microlayer coating on a 7KhNM steel substrate (a)
and the distribution of the concentration of Ti, Cr, Fe elements in it (b) [31]
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Fig. 4. SEM images of the microstructure of various coatings:
a — Ti-TiN; b — Ti-TiN—(T1i, Cr, A)N; ¢ — Zt—ZrN—(Zr, A)N; d — Zt—ZrN—(Cr, Zr, AI)N

A comprehensive analysis of the experience of
using and the research findings of methods for
applying high-strength protective coatings (including
layered ones, with layers alternating from different
materials at the nano- and micro-level), gives reason
to believe that when solving the problems of
developing coatings with unique mechanical
characteristics for critical high-load elements of shut-
off valves, it is extremely promising to use and
develop technological solutions implemented in the
framework of the ion-plasma spraying technology,
and, first of all, the vacuum-arc method of ion-plasma
spraying of a hardening material based on a
multicomponent nanocomposite material.

To date, a certain scientific and technical
groundwork has already been accumulated in terms
of solving this problem. For example, in the Russian
Federation, an innovative environmentally friendly
ion-plasma technology has been tested for increasing
the tribological characteristics, resource and wear
resistance of pipeline systems for transporting
working media. According to estimates, the surface
hardening process using this technology does not
change the structure and properties of the base metal
at a coating thickness of 10 to 30 pm. The friction
coefficient decreases 3—5 times, and the corrosion
resistance of materials in aggressive media increases
4-6 times.

4. Conclusions

The operational characteristics and reliability of
valves, including ball valves with a ball-seat
tribointerface, have a significant impact on the
efficiency of technological processes in these areas.
There are many industries in which parts and
mechanisms of various technical tools and equipment
are subject to intense wear and tear, including due to

extreme working conditions. This also applies to
pipeline valves, which are an irreplaceable
component of technical equipment used in the fields
of oil and gas production and processing industries,
nuclear energy, medicine, etc.

The effectiveness of solving problems of
increasing durability (not only physical, but also
functional, and economic) of technologies and
equipment is largely associated with both additional
typical technological processing of loaded friction
elements of such structures, and with the
improvement of technologies, increasing wear
resistance and the strength characteristics of their
contact surfaces.

To increase the durability and wear resistance of
friction units for various purposes, a number of
traditional technological methods of machining are
used. The service life and reliability of the protective
surfaces obtained in this case, due to their irregularity
and randomness, from the point of view of both
microgeometry and work hardening, and induced
technological residual stresses, are insufficient.

To reduce the negative factors of mechanical
processing, various methods of surface modification
are used by applying various thin-film coatings.
Even films with a thickness of 10—100 nm may be
sufficient to significantly increase wear resistance.
High requirements for products operating under
extreme conditions lead to the need to create new,
more promising materials, some of which are
nanocomposite and multicomponent materials.
Their use makes it possible to meet the specified
requirements for plasticity with increased hardness
and rigidity of parts.

The results of the comprehensive study showed
that to effectively increase the wear resistance of
highly loaded critical elements of shut-off valves for
special and medical purposes, the most suitable
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method for applying protective coatings based on a
multicomponent nanocomposite material is the
vacuum-arc method of ion-plasma deposition of a
hardening material. The technological process of
applying multicomponent nanocomposite coatings to
wear-resistant structural elements of valves includes
four successive stages: preparatory; ionic cleaning and
heating; application of multicomponent nanocomposite
coatings; cooling products. The preparatory stage is
the preparation and adjustment of all units and
assemblies of the installation for the application of
multicomponent nanocomposite materials and the
preparation of the processed products. The start-up
stage includes preliminary cleaning of the working
surfaces of the processed products with a glow
discharge for further application of multicomponent
nanocomposite coatings. The stage of applying
multicomponent nanocomposite coatings is ionic
treatment and deposition on coatings on the working
surfaces of the processed products. The final stage of
application is the termination of the deposition of
multicomponent nanocomposite coatings on the
working surfaces of the processed products and
smooth cooling of the processed product in the
chamber of the installation.

Being a promising technological approach used
in industry instead of traditional ones, the method of
beam surface modification of materials deserves
attention, which makes it possible to obtain such
structural-phase states of materials that, in traditional
methods (heat treatment in furnaces, quenching in
acid and salt solutions, galvanic coating) are not
implemented. It has ample opportunities in terms of
saving electricity, increasing production efficiency,
and reducing environmentally harmful effects.

It is advisable to recommend the named methods
of creating functional modifying coatings to increase
the wear resistance of the contact surfaces of the
tribo- interface in special-purpose shut-off valves
designed for operation in aggressive conditions.
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