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INCREASING THE RELIABILITY OF MECHANISMS OF METALLURGICAL
EQUIPMENT THAT USES SHS RESOURCE-SAVING TECHNOLOGY

In the course of the study, the use of advanced resource-saving technologies in the field of mechanical engineering,
focused on the optimization of metallurgical production, was analyzed in detail. The main emphasis was placed on the study
of complex saturating media, proposed as a means to improve the reliability of the operation of mechanical equipment.
Representing an innovative approach, the study proposes the appropriate application of methods for surface hardening of
machine parts using modern technologies under dynamically changing temperature conditions typical for metallurgical
processes. Statistical data and experimental results confirm the effectiveness of the proposed technological solutions, and also
make it possible to identify the optimal parameters and conditions for their application. Based on the conducted studies, it can
be argued that the use of resource-saving technologies in the metallurgical industry contributes to a significant reduction in
energy costs and a reduction in the time of production processes. This is of fundamental importance for improving the efficiency
and competitiveness of industrial enterprises, contributing to the overall stability and sustainability of the industry, as well as
to environmental protection. In addition to optimizing production processes, resource-saving technologies also make a
significant contribution to improving the economic efficiency of enterprises. Reducing energy costs and improving equipment
reliability can reduce operating costs and improve overall business profitability.

Keywords: industry engineering; resource-saving technologies; strengthening; complex saturating media; energy costs;
production process.
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Relevance of the topic of research. In connection to the accelerated development of
mechanical engineering for metallurgy, the issues of increasing the reliability and durability of
machine parts, and, consequently, the issues of saving metals, energy costs, combating
corrosion and wear of machine parts, have become extremely relevant. To reduce energy costs,
it is necessary to use resource-saving technologies, especially for the manufacture of parts for
metallurgy. The solution of these problems is associated with the hardening of the surface layers
of parts for mechanical engineering [1]. Among the methods of surface hardening, siliconized
coatings obtained by various methods are widely used. The technologies based on the
phenomenon of self-propagating high-temperature synthesis using composite saturating
charges are the least energy-intensive and also short-term effects on the surface of parts.

Problem statement. To improve the reliability of metallurgical equipment, it is necessary
to strengthen the surface of machine parts. This is especially important in the working
mechanisms of rolling conditions, namely, the details of the pressure mechanism. The objective
of the study is to determine energy-efficient methods of surface strengthening, which can
significantly reduce energy costs.

Analysis of recent research and publications. An analysis of literature sources [2—5]
indicates that at present there are many methods for diffusion saturation of a steel surface with
silicon. Common to them is the implementation of the saturation process at high temperatures,
when the free energy of the system is large enough for diffusion to occur in the solid phase.

To obtain coatings based on silicon, the following methods are used: in a medium of molten
electrolytes, in the gas phase, using powder masses in a neutral or reducing atmosphere [6—10].

Gas siliconizing is carried out in different ways: by continuously passing chlorine through the
reaction space with parts and ferrosilicon; using hydrogen chloride instead of chlorine; in a mixture
H>+SiCl4 or No+H>+SiCly; in a mixture Ar+SiCls or No+SiCls; in a mixture Ho+SiHs (monosilane),
NH;+SiHy. Gas siliconizing of steels is carried out in hermetically sealed retorts, in which parts are
placed, and they are covered with powder of ferrosilicon, carborundum, pure silicon or other

© bopuc Cepena, Ipuna Kpyrmsik, imutpo Cepena, 2023
78


mailto:wladimir.tulupov@gmail.com
mailto:kruglyak1964@gmail.com.
https://orcid.org/0000-0001-8157-6869
mailto:etohardcore@gmail.com

TEXHIYHI HAYKU TA TEXHOJIOT T Ne 2(32),2023
TECHNICAL SCIENCES AND TECHNOLOGIES

substances containing silicon. Silicon containing gas SiCly, is formed as a result of the interaction
of these substances with chlorine, which is fed into the retort in its pure form, mixed with hydrogen,
or introduced in another way. When gaseous silicon chloride comes into contact with iron, free
silicon is released, which diffuses into the workpiece [11]. The chemistry of the process lies in the
fact that during the processing of samples SiCly silicon enters the samples as a result of the exchange
reaction, as well as the reduction of silicon tetrachloride with atomic hydrogen dissolved in iron.

Highlighting unexplored parts of a general problem. The preliminary studies of the
technological processes of hardening of parts of metallurgical equipment indicate that they are
characterized by a fairly long hardening time of 6—8 hours at temperatures of 900-1100 °C.
This leads to significant energy costs, both electrical and thermal energy.

Formulation of the problem. The purpose of the work is a study of the use of resource-saving
technology of surface hardening of equipment parts for industrial engineering in metallurgy.

Presentation of the main material. The formation of multicomponent siliconized coatings
occurs under conditions of thermal self-ignition or combustion of powder media containing gas
transport additives. The time-varying temperature, first due to external heating, and then due to
ignition, leads to the fact that neither thermal nor chemical equilibrium is possible until the process
is completed and the products cool. The rates of chemical processes are determined by kinetic laws
that depend on both temperature and diffusion factors. However, assuming, at least at the heating
stage, that the inhibition of the diffusion processes of the gas phase is small, and the rate of
temperature change is small compared to the rate of gas-phase chemical reactions, we can assume
that each temperature value corresponds to the equilibrium composition of the products.

Then, having calculated the equilibrium composition of the reaction products for a number
of specific temperatures from the range of its change, one can follow the chemical picture of
the development of the process.

The calculation of the equilibrium composition of the products was carried out for the
initial mixture, consisting of M substances containing / - chemical elements. At fixed values of
volume (V) and temperature (7), as a result of chemical reactions, mx can be formed from these
elements - substances present in k£ = 0, 1...q different phases.

The existence of limiting temperatures, up to which the propagation of the combustion front is
possible, introduces certain restrictions on the use of the combustion mode as a technological one.
On the contrary, the regime of thermal self-ignition is free from these restrictions. By diluting the
initial powder mixture with an inert substance, up to 85-90% wt., it is possible to reduce the
maximum process temperature to the technologically required temperatures.

The main compounds in the gas phase in the temperature range 400—-1600 K are: SiCl, SiCl,
SiCls, SiCls, Silp, Silz, All, Allz, AICIL, AlCL, CrCla, CrF, CrF2, CrFs, BF3, TiCly, TiCls, TiCla,
WCl, WClz, WCly, and others, as well as iodine in atomic and molecular form (Fig. 1-2).
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With increasing temperature, the amount of products in the gaseous phase increases and
condensed products are released. Characteristically, in the temperature range of 400—-1600 K, the
proportion of the condensed phase decreases, which is associated with the evaporation of the carriers
used. Simultaneously, starting from a temperature of 800 K, the reaction products decompose, which
confirms the appearance of decomposition products and a sharp increase in the number of gas moles.
Gaseous products interact with the elements of the powder system (Al, Si, B, Ti, W, Cr) and transfer
them into the gas phase (appear SiCl, SiCly, SiCls, SiCls, Silo, Sils, AICI, AIClL,, AlICl;, BF3, CrF,
CrF2, CrFs, TiCl, TiCls, TiCls, WCl3, WCl4, All and etc.). At temperatures above 800 K, the
proportion of the condensed phase remains virtually unchanged. This fact suggests that in the
temperature range of 800—1600 K, reactions occur with the release of a condensed phase, but without
a change in the number of moles, which is typical for reactions of decomposition, disproportionation,
or exchange with the substrate, i.e. in essence, chemical transport of elements takes place. As a result
of the thermodynamic calculation of the equilibrium composition of the reaction products, we can
assume the following kinetic scheme of chemical transformations in the systems under study.

The microhardness of siliconized coatings doped with Cr and Al on the sample surface is
Hso = 6400-7100 MPa; alloyed Cr, Al, B: Hso = 13200-15400 MPa; alloyed Cr, Al, Ti:
Hso = 9500-9800 MPa and alloyed Cr, Al, W: Hso = 11600—12800 MITa. After carrying out the
combustion process and obtaining protective coatings, a standard heat treatment was carried
out, consisting in hardening and low tempering, to prevent the layers from “punching”. With an
increase in the carbon content in the sublayer, the microhardness increased.

On the siliconized layer doped with chromium and aluminum, a uniform layer is formed,
under which there is a pearlite layer and the next carbon-depleted zone. As a result of X-ray
diffraction analysis, it was found that on the surface of technical iron and steel 20, a layer of an
ordered solid solution is formed (Fe, Cr, Al);Si. Below is an a-solid solution of chromium,
aluminum and silicon in iron. On steel 45 and U8A, a layer is formed consisting of a solid
solution of chromium, aluminum, and silicon in a-iron with inclusions of carbides (Fig. 3, 4).

WD#.Q.UW - W00V x100k  SOum 2000kY  x1.00k  S0um
Fig. 3. Steel 45 with a protective coating Fig. 4. Steel USA with a protective coating

Corrosion tests (gravimetric method) were carried out in 3% aqueous NaCl solution, 10 %
aqueous solution H>SO4, HNO3 and 30% aqueous solution of HCl. The most effective
protection, when tested in the media under consideration, was shown by siliconized coatings
doped with Cr-Al-Ti, Cr-Al-W. Thus, in comparison with the base coating obtained by cold
treatment under isothermal conditions, the corrosion resistance increases by 2.1-3 times.

As a result of X-ray microanalysis, it was found that the concentration of aluminum,
chromium, and silicon on the surface of steel 20 is 9.8% Al, 8.2% Cr, and 4.6% Si. Accordingly,
on USA steel: 10.2% Al, 8.9% Cr and 5.1% Si. With an increase in the silicon content in the
SHS powder mixture, the thickness and columnarity of the layer change; the highest
columnarity is observed at 15% Si content.

The outer zone is enriched with chromium, aluminum and silicon. Based on the data on the
distribution of elements, one can make an assumption about the features of the kinetics of the
formation of siliconized layers doped with chromium and aluminum. It is known that silicon
increases the thermodynamic activity of carbon [12]. Therefore, when saturated with silicon,
carbon is displaced from the surface layers to deeper ones.
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Wear resistance of protective coatings increased by 2.1 - 4.2 times. The best indicators of wear
resistance (test on the SMT-1 friction machine) were shown by siliconized coatings alloyed with
chromium, aluminum and boron. When tested on an MT-5 friction machine, siliconized layers
alloyed with chromium, aluminum and tungsten have the best wear resistance.

Conclusions. Multicomponent siliconized layers were obtained in the combustion mode for
hardening the pressure mechanism of a rolling mill. This mode allows you to quickly form a
coating, without a significant change in the microstructure of metals. The combustion process lasts
for 5-10 minutes and allows to achieve an increase in operational properties by 2-2.7 times on the
gears of the blooming pressure mechanisms 1300. The consumption of electrical and thermal
energy is reduced by 8-10 times due to the fact that the mixture is heated by a combustion wave
during chemical treatment using composite saturating charges under SHS conditions.
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NIJIBUIIEHHA HAIIMHOCTI POBOTHU MEXAHI3MIB
METAJYPTTHHOI'O YCTATKYBAHHS 3 BAKOPUCTAHHS
PECYPC3BEPIT'AIOYOI TEXHOJIOTI'II CBC

11i0 uac npogederozo docnioxcerns 610 O0emanbHO NPOAHANIZ08AHO 3ACMOCYBAHHS NePed08UX pecypcosdepicarouux me-
XHONO2IU y 2any3i Mauuno6y0yeants, choKycosanux na onmumizayii memanypeitinozo eupobnuymea. Ocnosnuti akyenm 6yno
3P00IEHO HA OOCTIOINHCEHHS KOMNAEKCHUX HACUYYBATLHUX Ceped0sUll, 3anPONOHOBANUX 5K 3ACi0 0N ni0GUUjeHHs HAJiiHOCMI
@ynkyionysanns mexaniunozo oonaonanns. Ilpedcmasinsiowu iHHosayitinuil Nioxio, 00CHiONCeHHs RPONOHYE QOYilbHe 3aCmo-
cyeanus Memooié NOGePXHEe020 3MiyHeHHs Oemanel Mawul 3 6UKOPUCMAHHAM CYYACHUX MEXHONO2il 3a memMnepanypHux
VMO8, WO OUHAMIYHO 3MIHIOIOMbCA, Xapakmephux 01 memanypeitinux npoyecie. Cmamucmuuni 0ani ma pe3ynomamu excne-
pumenmie niomeepodicyIoms egpeKmusHicms 3anponoHOEaAHUX MEXHONOLTUHUX Pilietb, a MAK0dIC 00360/10Mb GUABUMU ONMU-
ManbHi napamempu ma ymosu ix sacmocyeanns. IpyHmyouucs Ha npoedenux 00CiONCEHHSX, MONCHA CMBEPONHCYEANU, U0
BUKOPUCIMAHHS pecypco3bepiealouux mexHono2itl y Memanypeiiti eany3i Cnpuse icmomHOMY 3HUNCEHHIO eHeP2eMUYHUX 6U-
mpam i CKopouenHo yacy supobHuyux npoyecis. Kpim onmumizayii supoonuyux npoyecis, pecypcozbepizaioui mexnonozii ma-
KOJIC pOONsSiMb ICMOMHUL HECOK Y NONINUEHHS] eKOHOMIYHOI echexmusrocmi nionpuemcms. CKOpoUens 6umpam Ha eHepeiio i
niOBUUeHHA HAOIIHOCME OONAOHAHHS 0A€ 3MO2Y 3HUIICY8AMU eKCNIYAMAayitiHi umpamu i NOKpawyeamu 3a2aivHy peHmabe-
JbHICMb disnbHocmi.. bazamoxomnonenmui cuniyitiosani wapu 6yiu OMpUMani 8 pexicumi 20PiHHA 0151 IMIYHEHH HAMUCKHO20
mexanizmy npokamnozo cmaty. Leii pesicum 0036015€ wisUOKo cghopmysamu nokpummsi, 6e3 icmomHoi 3Minu MiKpoCmpyKkmypu
memanie. Ilpoyec sunaniosanuss mpusac 5-10 xeunun i 00360715€ d0caemu NiOBUUJeHHS eKCHIYamayiliHux eiacmusocmetl 6 2-
2,7 pasu Ha wecmepHax oOMuUcKHux mexauizmie onromineie cmamny 1300. Bumpama enexmpuunoi i mennosoi enepeii 3HuxCy-
embca 6 8-10 paszu 3a paxyHoxk mozo, Wo Cymiul Ha2pieacmvCa X6Uael0 20PIHHA NPU XIMIKO-mepMiuHiti 06pobyi 3 UKOPUCAH-
HAM KOMNIEKCHUX Hacuuyrouux cepedosuuy 6 ymosax CBC.

Kniouogi cnosa: canysege mawunobyoysanns, pecypcozbepieaioui mexnonozii; smiynenis; KOMIIEKCHI HACUYy8anbHi ce-
peoosuwja, enep2emuiHi gumpamu; upoOHUUUIL npoyec.
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