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- XapakTepa pacrpeiefeHus INIOTHOCTU AUCTIOKAINi (TpaJieHThI 1O IJIOTHOCTH UCIIOKAIMi (B
1,8...2 paza) Ap: o1 p ~ (7...8)x10' em? 10 p ~ (3...4)x10'% em?).

AHaTUTHYECKUMH OIIGHKAMH CBOWCTB (DOPMHUPYIOIIUXCS TOBEPXHOCTEW YCTAaHOBJICH
KOHKPETHBIH BKJIQJ, BCEX CTPYKTYPHBIX TapaMeTpoB B HW3MEHEHHWE MPOYHOCTH U
TPEIIMHOCTOMKOCTU HCCIEAyeMbIX MOKpbITHH. Iloka3aHo, uro HaumOosbIIMKA BKJIAJ B
WHTETpaJIbHOE YIMPOYHEHHWE MOKPBITHH BHOCST: JUCIIEPCHBIE YacTHIB ()a30BBIX BBIICICHUMA
(mucniepcuonHoe ymnpounenue mo OpoBany g0 60%) B Marpuile MOKPBITUH; (OpMUpOBaHUE
cyOcTpyKTypsl (cyO3epeHHoe ympouHenwe g0 20%) Tpu paBHOMEPHOM pacIpeie/ieHUH
MJIOTHOCTHU JUCJIOKAIUH (IUCITIOKAlMOHHOE YIIpouHenue J10 15%).

YcTaHOBIIEHO, YTO BBICOKHM YPOBEHb MEXaHUYECKUX CBOMCTB M TPEUIMHOCTOMKOCTH HOBBIX
MOKPBITUN  0OecleunBarOTCs 3a CYeT ONTUMAJIBHOTO CTPYKTYypHO-(ha30BOro cocrama:
MEJIKO3EPHUCTOM 3€pPeHHOW W CyO3epeHHOW CTPYKTYphl HpPH PABHOMEPHOM paCIpeeICHUN
YIPOYHSIOMHUX (a3 U JUCIOKAIMOHHON TIOTHOCTH. [Ipr 5TOM MOBBIIEHUIO TPEITUHOCTONKOCTH
MOKPBITUH CITOCOOCTBYET OTCYTCTBUE MPOTSHKEHHBIX CTPYKTYPHBIX 30H JAMCIOKAIIMOHHBIX
CKOIUICHHH - KOHIIEHTPATOPOB JIOKAILHBIX BHYTPEHHUX HAIPSKCHUN.
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TECHNOLOGY FOR THE PRODUCTION OF CHROME DIFFUSION COATINGS IN
COMPOSITE MEDIA

Introduction The operational characteristics of many products - wear resistance, corrosion
resistance, reflectivity, heat resistance and others - are determined by the surface properties. To
obtain high structural strength characteristics of surface layers, various coating methods are
often used to protect the base material from external influences, increase the service life of parts
and reduce the cost of repairing worn equipment. The chromium plating process is an effective
method of increasing the reliability and durability of machine parts, tools and technological
equipment due to the creation of chrome layers on the surface of the machined parts having a
unique set of physicochemical properties.

In this paper, we consider the technology of the formation of functional coatings on
structural materials using composite saturating media.

However, all known powder methods are energy intensive and time consuming. In this
regard, the development of new composite saturating media is an urgent development of new
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technologies that allow you to adjust the composition and structure of coatings, provide the
necessary performance characteristics with a minimum time of their formation.

The aim of this work is to obtain diffusion coatings from composite powders based on
chromium and refractory metals with high saturation ability.

Research materials. Chemical-thermal treatment of carbon steels was carried out in an open
type reactor in the operating temperature range of 950 — 1050 °C with an isothermal exposure
time of 30 — 60 minutes.

The thickness of the hardened layers was studied using a Neophot — 21 and Neophot — 32
light microscope with an increase of x150 — x500. The microstructure was detected by etching in
a 3 % alcoholic solution of picric acid (TU 6-09-08-317-80). To identify the grain boundaries of
ferrite, a 4% alcohol solution of nitric acid was used.

The elemental composition was studied by X-ray microanalysis using a JEOL Superprob-733
microanalyzer. To calculate the equilibrium composition of the system products, the applied
software packages “ASTRA 4” and “TERRA” were used [1].

Research results and discussion. During diffusion chromium plating using ammonium
chloride, a layer of carbonitrides of the composition Fex(N,C) and Fes (N,C) is also formed on
the surface [2]. On medium-carbon steels, mainly, complex coatings are formed with a carbide
phase, under which there is a layer of a solid solution of chromium in iron with inclusions of
chromium carbides and a decarburized zone (a zone with a low concentration of chromium and
carbon). On low-carbon steels, a coating is formed, which is a solution of chromium in iron,
under which there is a carbon-free zone [3].

The dimensions of coatings on steels, their structure and phase composition are determined by
the conditions for the formation of coatings under the influence of constantly changing factors.
In this case, the decisive role is played by the ratio of the counter mass fluxes of chromium (from
the outside) and carbon and iron (from the saturated matrix) to strictly specific temperature-time
intervals of the diffusion chromium plating process. The characteristics of the counter mass
flows of carbon and chromium in the matrix are their diffusion coefficients, and in the near-
surface zone, mass transfer coefficients.

The formation of coatings on low carbon steel in composite saturating media including
chromium provides the implementation of the chromium plating process, which allows to obtain
chromium carbide.

Coatings obtained under non-stationary temperature conditions consist of a diffusion zone [4—
5]. It has been established that on the surface of steels, when silicon is introduced into the charge
(Fe, Al)sSis, silicide is formed, under which a -is a solid solution of titanium, chromium and
silicon in iron, a columnar structure.

On steels 45 and U8A, carbide Cry3;Cs u Cr7Cs are observed on the surface. The tests of
coatings for corrosion resistance showed an increase in this indicator by 1,5 — 1,7 times in
comparison with diffusion coatings obtained in isothermal conditions.

Conclusions. The use of composite saturating media increases the chemical potential of the
carbon saturating medium, which leads to the production of carbides Cr23Cs and Cr7Cs.

The tests of coatings for corrosion resistance in 20% aqueous solutions of HNO3, H>SO4, HCI1
showed an increase in this indicator by 1,5 — 1,7 times, compared with diffusion coatings
obtained under isothermal conditions.
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OBTAINING CHROMO-TITANIUM COATINGS UNDER CONDITIONS OF SELF-
PROPAGATING HIGH-TEMPERATURE SYNTHESIS

Introduction The development of modern technology requires the creation of new structural
materials with a set of properties such as high strength, corrosion resistance, wear resistance,
etc. However, the use of expensive metals and alloys with such properties is not always
economically feasible. Given this, one of the urgent problems is to improve the physicochemical
properties of chromium-based materials. The chromo-titanium process is an effective method of
increasing the reliability and durability of machine parts, tools and process equipment by
creating chromium layers on the surface of machined parts that have a unique set of
physicochemical properties. [1-2]

In this work the technology of chemical-thermal processing of steels in the conditions of
high-temperature synthesis (SHS), combined with chemical gas transport reactions is
considered. SHS is a high-intensity exothermic interaction of chemical elements in the
condensed phase, capable of involuntary propagation in the form of a combustion wave.

The aim of this work was to develop compositions of powder SHS mixtures for the
application of multicomponent coatings based on titanium in thermal spontaneous combustion,
study of physicochemical processes of coating formation, determination of optimal
technological parameters of SHS process at complex saturation, study of their influence on layer
growth kinetics and evaluation quality.

Research materials. Chemical-thermal treatment of carbon steels was carried out in an open
type reactor in the operating temperature range of 950 — 1050 °C with an isothermal exposure
time of 30 — 60 minutes.

The thickness of the hardened layers was studied using a Neophot — 21 and Neophot — 32 light
microscope with an increase of x150 — x500. The microstructure was detected by etching in a 3
% alcoholic solution of picric acid (TU 6-09-08-317-80). To identify the grain boundaries of
ferrite, a 4% alcohol solution of nitric acid was used.

The elemental composition was studied by X-ray microanalysis using a JEOL Superprob-733
microanalyzer. To calculate the equilibrium composition of the system products, the applied
software packages “ASTRA 4” and “TERRA” were used [3].

Research results and discussion. Analysis of the reactions occurring during thermal
spontaneous combustion of SHS-charges, the results of metallographic studies of the phase
composition of the layers allowed to determine the scheme of formation of coatings. The process
can be divided into several stages: inert heating of the reaction mixture to the ignition
temperature; thermal spontaneous combustion; heating of products; isothermal exposure;
cooling. Obtaining coatings under conditions of high-temperature synthesis occurs under non-
stationary conditions, when neither thermal nor chemical equilibrium until the complete
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