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Ha puc.2 moxHa nobGauntu CTpuOOK BIOPOIPUCKOPEHHS IpPU €KCIUTyaTalii Hacoca
npotsiroM 30 mi6. Ile cBimuuTh mpo Te, MO BiAOYIOCS TpaHWYHE 3HOLIYBaHHS POOOYOTO
KOJIeca, IMICJI YOTO eJIEMEHTH MIIIIUIHUKA TAJIAraloTh TPAHUYHUM BiOpalisM, skl HEMUHYYe
MPU3BEIYTh A0 HOTO MOJIOMKH [4].

OTxe, aHUM METOJOM MOKHA CIIPOTHO3YBATH TEPMIH IMOJIOMKHM YCTATKYBAaHHS 1
3arIaHyBaTH MOTO TEXHIYHE 00CITyroByBaHHS T4 PEMOHT.

BucnoBku. Po3risHyro cdepu 3acTocyBaHHS Ta YCTpid I'PYHTOBHMX HacociB. Bonu
3aCTOCOBYIOThCSL JJIsl TEpeKauyBaHHS pPIZHUX TiIpocyMilllell Ha TIPHUYONPOMHCIOBUX,
anMas3o- 130JI0TOJ00YBHUX MIMPUEMCTBAX, TEIUIOETICKTPOCTAHIIISIX TOIIO.

J1o OCHOBHUX METO/IB 30UIbLICHHS pecypcy poOOTH I'PYHTOBUX HACOCIB BIIHOCSATHCS:
ra3onojyM’siHe 1 IJa3MOBE HANMJIEHHS Ta HAIUIaBJICHHS iX JeTajlel, METOJ KOPYHAYBaHHS,
METO/I1 KOHTPOJIIO iX BHYTPIIIHBOTO CTaHYy.

[IpoaHani3oBaHO OCHOBHI XapaKTEPUCTUKH JAHUX METOJIB KOHTPOJIO, a TaKOX
repeBary 1 HeI0IIKU Ta MOXJIMBOCTI JUIsl 3ACTOCYBAHHSI.
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Introduction. The formation of protective coatings in composite saturating media oc-
curs under non-stationary temperature conditions [1-9]. The temperature changes in time, first
due to external heating, and then due to ignition leads to the fact that neither thermal nor
chemical equilibrium until the process is complete and the products are cooled. The rates of
chemical processes are determined by kinetic laws that depend both on temperature and on
diffuse factors. However, assuming, at least at the stage of heating, that the inhibition of dif-
fuse processes of the gas phase is small, and the rate of temperature change is small, com-
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pared with the rate of gas-phase chemical reactions, we believe that each temperature value
corresponds to the equilibrium composition of the products.

With the advent of the theory of nonequilibrium systems, it became possible to influ-
ence the structure and properties of diffusion layers by changing the dynamics of the satura-
tion process itself. By changing the composition of the saturating medium and the ratio of its
constituent components, one can influence the system and thereby change the kinetics of dif-
fusion processes. Thermal diffusion modeling of the synthesis of developed boron powder
media presented in [10] made it possible to establish compounds for each of the studied com-
positions of mixtures, which, upon subsequent chemical-thermal treatment, can be sources of
boron. It was established that such compounds in the studied powder media are: AlB;,, AlB,,
CrB,, NiuBs, FeB. Obviously, the introduction of pure metals and their oxides into a saturat-
ing medium for boronation with the formation of complex composites and additional boron
sources complicates the diffusion fluxes.

In addition, it should be noted that the studied saturating composite media were ob-
tained using the method of out-of-furnace metallothermy, proceeding according to the princi-
ple of the process of self-propagating high-temperature synthesis. Moreover, as established in
the studies of the authors of the article, in the reaction medium, the temperature rises to
2000°C. In the modern theory of the structure of matter [11, 12], it was shown that atoms are
able to combine into complexes called nanoclusters, which, forming in open nonlinear sys-
tems that receive a sufficient amount of energy from an external source, participate in the ap-
pearance of new properties of matter. They are those elements that become carriers of new
properties of materials in equilibrium and linearly nonequilibrium systems.

In the diffusion layer, internal processes occur, such as a change in the solubility of
diffusing elements, an increase in the density of defects in the crystal structure, and the forma-
tion of zones of increased concentration of alloying elements that affect the mobility of alloy-
ing elements. The variety of physicochemical mechanisms for the implementation of the
structural states of a saturated metal leads to the appearance of new, unexpected effects and a
change in the stability of the system.

Statement of the problem. Given that diffuse saturation is associated with a change
in the chemical and phase compositions of the surface layer, it leads to the appearance of re-
sidual stresses in the steel. The aim of the work is to study the distribution of residual stresses
in the protective coating obtained using composite saturating media, which occurs under non-
stationary temperature conditions.

Results of work. To determine the magnitude of the residual stresses and the nature of
their distribution over the thickness, the deflection of the prismatic sample was measured as
the surface layer was etched.

To saturate only one side of the sample, a coating was used for local surface protec-
tion, consisting of liquid glass (60%) and talc (40%). The coating was applied with a layer of
1 mm on a surface defatted with gasoline, and then dried in air, and in a muffle furnace at a
temperature of 80-1000°C, for 30 minutes. The length of the resulting layer is 50-10°m. The
deflection arrow of the sample, before and after receiving the protective layer, was measured
using a special indicator of the watch type Reaok NOs (Jan) with an accuracy of 1 um accord-
ing to three measurements U;—Us.

The diffusion layer was etched in an electrolyte consisting of one part of chromic an-
hydride, two - water, two H3PO4 and four — H,SO,4. The dissolution of the surface layer was
accompanied by the removal of some stresses and deformation of the sample.

Due to the fact that diffusion saturation is associated with a change in the chemical
and phase compositions of the surface layer, it leads to the appearance of residual stresses in
steel. Residual stresses appear after chemical-thermal treatment during cooling, as a result of
the elastic interaction of the diffusion layer and the core having different volumes and thermal
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expansion coefficients. The ratio of the volume volumes of the layer and the core also affects
the magnitude of the residual stresses in the surface layer. As is known, with an increase in
the layer thickness, the level of residual stresses decreases [13].

Residual stresses significantly determine the possibility of the practical use of diffu-
sion coatings. Moreover, the magnitude, sign and nature of their distribution affect the adhe-
sion strength of the coating to the hardened material. Residual stresses arising in the diffusion
layer are often the cause of microcracks and peeling of the coating. As a rule, the level of re-
sidual stresses is higher, the greater the difference in the temperature conditions of receipt,
thermophysical and physico-mechanical properties of the base materials and the protective
coating. One way to influence the nature of the distribution of internal stresses in protective
coatings is to dope them [14].

The nature of the distribu-
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Figurel — The distribution of residual stresses over significant gradient of stresses in
the thickness of multicomponent layers depth (Fig.1).

doped with chromium, aluminum, boron, tita- In the process by alloying

nium and tungsten (t, — 1000°C, 15 — 60 min.) the layer with chromium and alu-

Substrate material — steel 45 minum, the value of the residual

compressive stresses on the sur-
face is 240-280 MPa. As the carbon content in the substrate increases, the residual compres-
sive stresses on the surface increase. The maximum residual stresses of multicomponent coat-
ings, depending on the carbon content in the substrate material, are given in table 1.

The reasons leading to this are the difference in the crystal lattices of the boride phases
in the diffusion layer, the elastic moduli, the Punch coefficients of the boride phases and the
base. When the coatings are alloyed, substitution solutions of the alloying element with iron
are formed, while the atomic radii of the alloying elements: Cr (0.127 nm), Al (0.143 nm), Si
(0.1175 nm), Ti (0.147 nm), W (0.136 nm) exceed or close to the atomic radius of Fe (0.126
nm), which leads to the creation of additional compressive stresses in the layer structure.

Table 1 — Maximum residual compressive stresses (- 6), MPa, multicomponent layers ob-
tained using composite powder materials (t, — 1000°C, t; — 60 min)

Type of coating Ores, 1N Substrates
Fe tecn. Steel 20 Steel 45 Steel Y8A
Cr—- Al 110 130 240 260
Cr-Al-B 200 220 340 410
Cr—-Al-Ti 20 50 310 330
Cr-Al-W 45 60 190 210
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The general pattern observed when these alloying elements are introduced is the ex-
tension of the area of action of compressive stresses deeper into the layer, as compared to the
base coating

Conclusions. With the introduction of these alloying elements, is the spread of the
compressive stresses into the depth of the layer, compared with the base coating. As a result
of this, the sensitivity of the layer to stress concentrators and the appearance of cracks in a
coating doped with chromium, aluminum, boron, titanium, and tungsten decreases. With an
increase in the carbon content in the substrate material, the value of the residual compressive
stresses also increases (Table 1). The smallest value of residual compressive stresses is ob-
served on technical iron when alloying a layer with chromium, aluminum and titantum and is
20 MPa, the largest on U8A steel — when alloying with chromium, aluminum and boron.
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