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TRIBOLOGICAL AND CORROSION PROPERTIES OF 45 AND 65G STEELS USED
IN AGRICULTURAL MACHINERY AFTER ELECTROLYTIC-PLASMA HARDENING

Annotation: The article examines the effect of electrolytic plasma hardening on the wear resistance
and corrosion resistance of steels 45 and 65G, which are used in the production of agricultural machinery
components. The presented results demonstrate the improvement of the surface properties of steel through
the application of electrolytic plasma hardening. This technology provides rapid heating and cooling, which
contributes to the formation of a fine-grained and hardened surface layer, as evidenced by microstructural
studies conducted using an optical metallographic microscope. Tribological tests showed an improvement in
wear resistance after electrolytic plasma hardening: the wear volume for steel 45 was 3,03%10“ mm?, and for
steel 65G it was 6,77x10° mm?3, which is 7 and 4,5 times less than the wear volume for the initial samples,
respectively. The analysis of polarization curves showed that the corrosion current density decreased
compared to the initial sample. For steel samples 45 and 65G after three cycles of electrolytic plasma
hardening, the corrosion current densities were 6,87x10"-6 A/cm? and 1,61x10"-7 A/cm? respectively.
Additionally, a shift in the corrosion potential towards more positive values was noted, indicating an increase
in corrosion resistance. The results of the study demonstrate significant improvements in the tribological and
corrosion properties of steels 45 and 65G after electrolytic plasma hardening, providing valuable data for
industrial applications.

Key words: Electrolytic plasma hardening, quenching, steel 45, steel 65G, wear resistance, corrosion
resistance, tribology, microstructure.

Introduction

The working parts of soil cultivation machines undergo significant mechanical and corrosion
wear, depending on the operating mode and the type of soil processed, which ultimately leads to
considerable financial and material costs. The wear intensity of these working parts is determined
by the soil type and depends on its composition of abrasive particles, density, moisture, processing
speed, as well as the geometric shape of the working parts and the properties of the materials from
which they are made. The soil's ability to cause wear on parts of soil cultivation machines is a primary
reason for reducing the operational lifespan of these parts and the machines overall. Global
expenditures on corrosion alone amount to approximately 2.5 trillion dollars, equivalent to 3.4% of
the gross national product. However, effective methods to enhance corrosion resistance, such as
improving the corrosion resistance of part surfaces and timely maintenance, can reduce these costs
by 15-35%, amounting to 875 billion dollars annually [1-5].

Working parts for soil processing tools, operated under challenging conditions like deep
loosening, continuous plowing of soils with high stone content, etc., are manufactured by modern
producers using thick plate rolling of carbon and low-alloy steels with medium and high carbon
content, such as grades 45, 70, 65G, 55C2. Most of these undergo preliminary surface or through
hardening. Thanks to acceptable qualities such as high impact toughness and elasticity, as well as
ease of processing, steels of grades 45 and 65G have gained widespread use in various industrial
sectors.

Various methods of surface modification and engineering are used to ensure the necessary
level of wear resistance during the manufacture and repair of agricultural machinery parts, differing
in technology and the degree of improvement of individual physical, mechanical, and operational
characteristics of surface layers [6-9].

The method of electrolytic deposition for working parts of agricultural machinery, including
those based on iron, is attractive due to its low energy consumption and has gained widespread use
and application in the restoration and hardening of worn parts. This method also has other
advantages, including the ability to regulate physical and mechanical properties by changing

ISSN 2788-7995 (Print) [IokopiM yHHBEpCUTETIHIH Xabapiibichl. TexHUKaIbIK FhibiMaap Ne 3(15) 2024 388
ISSN 3006-0524 (Online) Bulletin of Shakarim University. Technical Sciences Ne 3(15) 2024



electrolysis modes, small allowances for subsequent mechanical processing, ho warping of parts,
lower raw material consumption, and simple operation. However, iron and its alloy coatings obtained
through the electrolytic method have a thin thickness, insufficient adhesion, increased electrolyte
temperatures, and low wear resistance [10].

To enhance wear resistance and thereby extend the service life, most working parts are
hardened by overlaying with hard alloy materials. This can involve the use of high-alloy cast irons
such as PG-S27, PG-US25, PG-FBX-6-2, PR-FMI, PS-14-60. Despite good technological indicators
after this hardening, the method itself has a number of disadvantages, including the need to overheat
the base metal (steel), leading to an increase in the grains of the microstructure, and in some cases,
due to magnetic properties, it is impossible to obtain a layer thicker than 1,6 mm. Moreover, the
technology requires expensive equipment and its operation is energy-intensive [11-12].

Electrolytic-plasma hardening (EPH) represents an advanced method for improving the
properties of steels, which are widely used in the production of working parts for soil cultivation
machinery. This method significantly enhances the wear resistance and corrosion resistance of the
material through optimal selection of electrolyte composition and precise adjustment of electrical
processing parameters. The EPH process involves exposing the metal to concentrated energy flows
in an electrolytic environment, leading to rapid heating and cooling. This promotes the formation of
a hardened surface layer with a fine-grained structure, improving the physical and mechanical
properties of the steel. It is important to note that the quality and characteristics of the resulting layer
largely depend on the composition of the electrolyte, which can include various salts and additives
to achieve desired properties.

Research shows that EPH increases the microhardness of steel, enhancing its resistance to
wear and corrosion, which is particularly relevant for components operated in aggressive conditions
such as agricultural equipment [13-16]. The use of EPH in the agricultural sector could solve the
problem of rapid wear of machine working parts subjected to intense abrasive wear. Considering the
environmental safety and the possibility of regenerating used electrolytes, this method also
contributes to reducing the negative impact of technological processes on the environment.

It is known that the hardening of steels by changing the microstructure also changes the
corrosion resistance of steels, which is an integral part of steel quenching, including during EPH.
The change in the microstructure of steels 45 and 65G during thermal hardening involves phase
transitions of austenite (a-phase) to martensite (y-phase) and back (a—vy). This leads to a
rearrangement of the crystalline lattice, where iron and carbon atoms redistribute. Properties such
as high wear resistance, microhardness, and improved corrosion resistance make steel structures
containing martensite desirable for many industrial applications. Numerous studies dedicated to the
properties of hardened steels with a martensitic structure, including various technologies, emphasize
the improvement of mechanical and corrosion characteristics.

Researchers D.l. Pantelis and others studied the influence of laser hardening on the
corrosion resistance of CK60 steel using a CO-laser. The corrosion behavior of samples before and
after hardening was assessed in a 3,5% NaCl solution by potentiodynamic polarization. It was found
that samples with overlap coefficients of 0 and 9% demonstrated passivation at potentials from —
850 to — 550 mV and — 700 to — 500 mV, respectively, showing increased corrosion resistance
compared to untreated samples and those with higher overlap coefficients. This behavior is
associated with microstructural changes in the steel during laser processing, where higher overlap
coefficients promote the formation of tempered martensite, unlike samples with lower coefficients
[17].

In the work of A. Nasery and others, it is mentioned that the dissolution of carbides in the
matrix, leading to a more uniform microstructure, is an important factor in reduction [18]. The work
by authors Firas M. F. Al-Quran and others also confirms that annealing low-carbon steel after
hardening, which results in a martensitic microstructure, improves the steel's corrosion resistance
[19].

The positive influence of EPH on the tribological properties of 20GTL steel is dedicated to
the work of Rakhadilov B. and others. In the course of the experiment, samples measuring 10x20x20
mm? were treated in an electrolyte with a 20% concentration of sodium carbonate. At a voltage of
320 V between the anode and cathode, an improvement in wear resistance was noted: the wear
volume of samples before EPH was 0.076 mm?3, and after processing for 2 and 3 seconds it
decreased to 0.065 mm?3and 0.056 mm?, respectively. The authors also indicate an increase in ferrite
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grains and, conversely, a decrease in perlite grains in the microstructure of the surface of samples
after EPH for 2 seconds compared to the original sample. After 3 seconds of EPH processing, the
steel structure predominantly contains needle-shaped martensite grains [20].

In the study by Toktarbaev G. and co-authors, the impact of electrolytic plasma hardening on
40KhN steel using electrolytes of various compositions was investigated. After EPH, a hardened
layer with high wear resistance was obtained. It was also found that high surface hardness values
were achieved using electrolytes containing 15% and 20% urea and 10% sodium carbonate. With
these electrolyte contents, the best wear resistance values were also obtained in the "ball-on-disc"
test method. Analysis of the microstructure of the cross-section of 40KhN steel after EPH showed
the formation of 3 zones: a hardened zone, a thermal impact zone, and the base matrix of the
sample. The microstructure profile changed from the hardened zone with a high martensite content
to the matrix with a ferrite-pearlite structure [21].

In a recent study on the effect of EPH on the tribological properties of 65G steel, as presented
in [22], a 15% sodium carbonate aqueous electrolyte solution was used. The heating of the samples
was performed using four different methods, alternating between high, medium, and low voltage,
along with the application of thermal cycling. The phase composition analysis revealed the formation
of a'-iron phase and carbide compounds. The tribological test results showed a twofold increase in
wear resistance and a 1,7-fold increase in resistance to abrasive wear.

Thus, EPH is a promising technology that can revolutionize steel processing methods,
enhancing their operational characteristics and reducing the costs of manufacturing and maintaining
agricultural equipment. Further research on wear and corrosion resistance is necessary to optimize
processes and fully harness the potential of this technology.

The aim of this article is to systematically investigate the impact of EPH on the structure,
tribological properties, and corrosion resistance of steels grades 45 and 65G. Thus, this study
contributes to a deeper understanding of the mechanisms underlying this process, as well as to
assess its effectiveness and applicability for improving the properties of soil-cultivating parts of
agricultural equipment.

Materials and Methods

To conduct the EPU, samples of steels 45 and 65G measuring 15x15x20 mm were prepared.
The surfaces of the samples were cleaned of contaminants and oxides manually using sandpaper
with gradually increasing grit from P60 to P2500. The samples were polished to achieve a smooth
and even surface using GOI polishing paste, which is a polishing compound based on hard abrasive
chromium oxide (Ill) powder. The surfaces of the samples were also treated until they were uniform
and free of visible defects, and no scratches should be visible under x100 magnification with an
optical microscope. The chemical composition of steels grades 45 and 65G is shown in Figure 1.
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Figure 1 - Chemical composition of steels grades 45 and 65G, excluding iron

The chemical composition significantly influences the EPH process for steels grades 45 and
65G. Steel 45 contains a low amount of carbon, while steel 65G has a higher carbon content. The
high carbon content in steel 65G contributes to the formation of harder and more brittle phases after
thermal treatment at lower temperatures (carbon promotes the formation of carbon-rich phases, such
as martensite), which can affect the mechanical properties [23]. Also, steel 65G features improved
hardenability, which facilitates the quenching process. This indicator depends on the minimum
cooling rate necessary to prevent the decomposition of austenite into a ferrite-carbide mixture,
influenced by the alloy composition.

EPH, as mentioned above, is based on the use of electrolytic plasma for thermal treatment
of the material's surface, followed by rapid cooling in the electrolyte medium, improving its hardness,
wear resistance, and other characteristics. EPH was conducted in cathodic mode on a setup that
includes a 50 kW constant current power source, an electrolytic bath, a pump, and a conical stainless

ISSN 2788-7995 (Print) [IokopiM yHHBEpCUTETIHIH Xabapiibichl. TexHUKaIbIK FhibiMaap Ne 3(15) 2024 390
ISSN 3006-0524 (Online) Bulletin of Shakarim University. Technical Sciences Ne 3(15) 2024



steel anode. The cathode is the test sample made of steels grades 45 and 65G. The anode, made
from a hollow stainless cone without a base, receives electrolyte, which overflows into the electrolytic
bath. The sample is submerged in the electrolyte on the surface of the cone. Circulation of the
electrolyte is ensured by an electric pump, and the flow rate of the electrolyte to the cone-anode is
regulated by adjusting the proportion of flow into the anode-cone and the return feed into the
electrolytic bath. Voltage from the power supply is applied between the anode and cathode, creating
conditions for the hardening process.

Samples of steels grades 45 and 65G are submerged in the electrolyte in the cavity of the
anode to a depth of 2-3 mm, and the application of constant current causes plasma formation on the
surface of the samples, initiating the heating process to the austenitization temperature. After the
electric current is switched off, the sample cools with the circulating electrolyte solution, resulting in
the quenching of the steel. The plasma impact and subsequent cooling of the material surface by
the electrolyte lead to changes in its structure, improving mechanical properties. During the EPH
process, it is important to control parameters such as processing time, electrolyte temperature, and
voltage to ensure optimal material hardening conditions. The appearance of the setup for conducting
the EPH process is shown in Figure 2.

Figure 2 — External viw ofthe EPH setup

Electrolytic plasma hardening of steel samples was conducted at the Engineering Center
«Hardening Technologies and Coatings», Shakarim University of Semey, Kazakhstan.

Tribological tests were performed using an Anton Paar TRB3 tribometer with a «ball-on-disc»
scheme. The test parameters included a wear radius of 3 mm, a friction path of 60 mm, a sample
rotation speed of 2 cm/s, and a load of 6 N. A 6 mm diameter ball made of 100Cr6 material was used
as the counterpart.

The wear volume of the steels before and after EPH was measured using a HY2300
profilometer. This device is equipped with a diamond probe, allowing for high measurement accuracy
with a resolution up to 0,001 pm.

The corrosion resistance testing of the samples was conducted at a temperature of +25°C
using a potentiodynamic method on a CS300M potentiostat/galvanostat with a 3% NaCl solution. A
protective coating was applied to the analyzed area. It is crucial that the tested samples have
identical analysis areas, ensuring consistent comparison of the results obtained during
potentiodynamic studies. In one cell, the reference electrode with a constant potential is a silver
chloride electrode, while in the second cell, the auxiliary electrode is a platinum electrode, and the
working electrode is the test samples of 45 and 65G steel with a surface area of 1 cm? (figure 3).
The cells are connected by a salt bridge, sealed on both sides with filter paper to prevent mixing of
the NaCl-filled solutions. Before conducting the tests, the test samples undergo preliminary
preparation, which includes cleaning and degreasing using ethanol. The CS Studio6 software is used
to determine the potential values, current density, corrosion rate, and Tafel slopes (ba, bc). The
graphs obtained during the analysis are presented in logarithmic form (current density is logarithmic).

Optical images were obtained using a trinocular inverted metallographic microscope HL-
102AW with a 3.0 MP digital camera and analysis software. This type of microscope has specific
technical characteristics and capabilities that allow for more detailed and precise observations of the
structure of metallic samples.

Experimental studies on the EPH of samples from steels grades 45 and 65G were conducted
using a thermocyclic regime, which involves alternating high (Ux) and low voltages (U.). This method
allows for control of the heating process, avoiding the melting of the steel and ensuring the formation
of a hardened layer with greater depth. The electrolyte for EPH consisted of 20% sodium carbonate
and 80% distilled water. The anode area was 0,05 m?, and the electrolyte flow rate was 100 liters
per minute. Details of the EPH regime parameters are detailed in Table 1.
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Figure 3 — Wiring diagram of the three-electrode electrochemical cell and potentiostat/galvanostat
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Table 1 — Parameters of EPH modes for steels 45 and 65G

Sample | Un1, V| th1, S [ In1, AULs, V] t1, S | Uniz, V [ thi2, S [ Ihz, A Uiz, V [ tiz, S | Unis, V | this, S [ Ins, A

Steel 45
45 1 320 3 100 0 0 0 0 0 0 0 0 0 0
45 2 320 3 100 | 50 5 200 2 75 0 0 0 0 0
45 3 320 3 100 | 50 5 200 2 75 50 5 200 2 75
Steel 65G
65G 1 320 3 100 0 0 0 0 0 0 0 0 0 0
65G 2 320 3 100 | 50 5 200 2 75 0 0 0 0 0
65G_3 320 3 100 | 50 5 200 2 75 50 5 200 2 75

Results and Discussion

Figure 4 illustrates the microstructural changes in steels grades 45 and 65G before and after
EPH. The initial structures of both steels consist of ferrite and pearlite, typical for medium and high-
carbon steels that have not undergone intensive heat treatments. After the EPH procedure, the
microstructure of steel 45 transforms into martensite. This is explained by the high temperatures and
rapid cooling during the EPH process, which correspond to quenching conditions. Martensite forms
as a result of the instantaneous transformation of austenite, which occurs during rapid cooling, not
allowing carbon sufficient time to diffuse, leading to the formation of a supersaturated solution of
carbon in iron.

In the case of steel 65G, the microstructural changes after EPH are characterized by the
formation of fine-grained pearlite. This can be explained by the chemical compaosition of the steel,
which may facilitate the slow release of carbon and a more gradual transition from austenite to
pearlite.

Figure 4 — Obtical microphotographs of saple surfaces (x50):
a — Steel 45 before EPH, b — Steel 45 after EPH, ¢ — Steel 65G before EPH,
d — Steel 65G after EPH
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The tribological tests on wear volume have revealed a reduction in wear volumes for both 45
steel samples and 65G steel samples after EPH. For 45 steel, the wear volumes after hardening 1,
2, and 3 cycles of thermocycled EPH were respectively 1,11x10* mm?, 4,41x10° mm?3, and 4,19x10°
> mm?. It is noticeable that with increasing cycles, the wear resistance improves, and for the sample
45 3, this indicator improved 7 times compared to the initial sample with a wear volume of 3,03%x10"
4 mm?. Similar indicators were obtained for 65G steel samples after thermocycled EPH, where the
measurements of wear volume showed close values for samples 65G_1 and 65G_2. The most
significant improvement in wear resistance was also noted in the sample that underwent EPH for 3
cycles, with a wear volume of 6.17x10° mm?3, which is 4.5 times lower than the initial sample. The
results on wear volumes before and after EPH for samples made from 45 and 65G steels are
presented in Figure 5.

The reasons for the increase in wear resistance are the formation of a stronger and more
stable surface structure, consisting of martensite. The plasma flow and electrolytic reactions
contribute to the formation of solid solutions and dispersion particles on the steel surface, which
increases its hardness and resistance to wear [24]. These wear volume data demonstrate the
effectiveness of EPH technologies in enhancing the wear resistance of these types of steel, which
is important for their application in conditions requiring increased durability and wear resistance.
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Figure 5 — Wear volume of: a — samples made of steel grade 45 before and after EPH,
b — samples made of steel grade 65G before and after EPH

Figure 6 shows the polarization curves in potential-current density coordinates (E — j) for
corrosion measurement of 45 and 65G steel grades before and after electrolytic plasma hardening.
The corrosion resistance test showed a significant reduction in corrosion rate after electrolytic
plasma hardening of 45 and 65G steels. The analysis of the polarization curves, which show the
dependence of corrosion potential on corrosion current, confirms that the corrosion potential for
samples 45_3 and 65G_3 shifted to a more positive direction, and the corrosion current density
decreased compared to the initial sample.
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Figure 6 — Potentiodynamic polarization curves:
a — for steels 45 before and after EPH, and b — for steels 65G before and after EPH

The corrosion rate measurements showed that for samples 45_1 and 65G_1, the reduction
in corrosion rate was less pronounced. For samples 45 2, 45 3 and 65G_2, 65G_3, the average
corrosion rate was 2.49x10* mm/year, which is 7 times less compared to the initial sample, indicating
increased corrosion resistance of the samples after EPH in 2 and 3 cycles.
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Conclusion

The study of the influence of EPH on samples of 45 and 65G steel has led to several
important conclusions. The martensitic transformation facilitated by EPH demonstrated great
potential in improving the structural properties of these steels. This transformation process not only
enhanced the mechanical characteristics of the material but also positively affected its corrosion
properties. Wear resistance tests on 45 steel showed a 7-fold improvement: the wear volume after
treatment decreased to 3.03x10* mm?3. Similarly, for 65G steel, the wear volume decreased by 4.5
times to 6.17x10° mm?® compared to the initial sample. Additionally, the resistance of these steels to
electrochemical corrosion has increased, which is crucial for components used in aggressive
environments. The analysis of the polarization curves shows that the corrosion current density has
decreased compared to the initial sample. For the 45_3 sample, the corrosion current density was
6.87x10% A/cm?, and for the 65G_3 sample, it was 1.61x107 A/cm?. There is also a shift in the
corrosion potential to a more positive value, which further indicates improved corrosion resistance.
The results demonstrate the formation of new phases in the surface layers after EPH, which
enhances wear resistance, tribological characteristics, and corrosion resistance of 45 and 65G
steels. Future studies will continue to explore the influence of various technological parameters on
other properties of steels, which has significant practical importance for increasing the durability and
efficiency of steel structures.
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ANEKTPONMUTTIK-NNA3MAINbIK KATAUTY KE3IHAE AYbIN LWAPYALUBINbIFbI TEXHUKACBIHOA
KONAOAHBITATbIH 45 XXOHE 651 BOJIATTAPbIHbIH TPUBOJNOIMANDbIK
XOHE KOPPO3UAINbIK KACUETTEPI

Makanada aybinwapyawbliiblK mexHuka benwekmepiH eHOipyde KondaHblnambiH 45 xoHe 65
6onammapbiHbIH MO3yFa XoHe KopposusFa mesimaoiniaiHe anekmponummi-rnasmarsnbsiK WhbIHbIKMbIPYObIH
acepi KapacmbipbliiraH. KenmipineeH Hemuxxernep anekmponummi-rnnasmarnbiK WbIHbIKMbIPYObl KO0aHy
apkbinibl 6onammeiH 6emki KacuemmepiHiH xakcapraHbiH kepcemedi. by mexHonoausi mes Kbi30blpy MeH
casnkbliHOamyObl Kammamachl3 emir, ycak myuipwikmi XoHe WbIHbIKMbIpbiiFraH 6bemki kabammabiH nadda
bonybiHa biKnan emedi, byn onmukanblK  MemarnnospaussiblK  MUKPOCKOMMNEH  XypaisineeH
MUKPOKYPbIbIMObIK 3epmmeynepMeH pacmarnadsbi. TpubonoaussbiK ChiHaKkmap 371eKmpoaummi-rinasmaribik
WhbIHbIKMbIPYOaH KeliH mo3yra me3iMOinikmiH xakcapraHblH Kepcemmi: 45 6onambl ywiH mo3y Kernemi
3,03%10* mm3, an 651 6onamei ywiH 6,17x%105 mm® Kypaosl, b6yn calikeciHwe 6acmarikbl yizinepee KaparaHoa
7 xoHe 4,5 ece a3. NonapusayusnsiK KUcbiKmapObi masiday Koppo3usisibiK MOK Mbifbi30bifbiHbIH 6acmarnkbi
yreimeH canbicmbipraHfa memeHOe2eHiH Kepcemmi. Ornekmposaummi-rinasmarnbsiK WhIHbIKMbIPYObIH YW
UUKIi emKi3ineeHHeH KeliH 45 xoHe 65 6onam yneainepiHoe Koppo3UsifibiK MOK Mblfbi30bifbl COlKeCiHWe
6,87x107-6 A/cm? xoHe 1,61x107-7 A/cm? 60ondbl. CoHdal-aK, Koppo3usisibiK nomeHyuandbiH OH MoHOepae
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Kapal aybicybl 6aliKarnbir, Koppo3usira me3iMmoinikmiH apmkaHbiH Kepcemmi. 3epmmey Homuxxenepi 45 xxeHe
65" 60s1ammapbiHbIH  3r1eKmMposUMmIi-rnnasmarnbslK  WbIHbIKMbIpydaH KeliHai mpuborocusinblK  XKoHe
KOppOo3Uusi/iblK KacuemmepiHid alimapsibikmal XXakcapfraHblH Kepcemirn, eHAipicmik KondaHy YWiH KyHObI
Oepekmepdi ycbiHaokbl.

Tyiin ce3dep: 3nekmponummik-nnasmasnblk Kamalmy, WeIHbIKMbIpy, 6onam 45, 6onam 65,
mo3yra me3simAirik, koppo3usira me3imairnik, mpubosioaus, MUKPOKYPbIIbIM.
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TPUBOJIOMMYECKUE U KOPPO3MOHHBDIE CBOWCTBA CTANEW 45 N 65I', UCNONb3YEMbIX B
CEJNIbCKOXO3ANCTBEHHOU TEXHUKE, MOCNE 3JIEKTPOJIMTHO-NNA3MEHHOI'O YINMPOYHEHUA

B cmamebe  paccmMompeHO — enusiHUe  3JIeKMPOSIUMHO-MIa3MEHHO20  YIIPOYHEHUS  Ha
U3HOCOCMOUKOCMb U KOPPO3UOHHYHO cmolkocmb cmarnel 45 u 65, komopbie ucnonb3yromcs 8
rpoussodcmee Oemarieli cerbCKOX035lUcmeeHHOU mexHUKU. [NpedcmasneHHble pe3ynbmamel rnokasbleaom
yryqweHue noeepxHOCMHbIX ceolicme cmanu 3a c4Yem UCro/fb308aHUsi 3MEeKmMpOUMHO-MIa3MeHHO20
ynpoyHeHus. [laHHass mexHoroausi obecrieyusaem 6bicmpbili Hagpes U oxnax0eHue, Ymo criocobcmeayem
06pa308aHUI0 MEJIKO3EPHUCITO20 U YrNPOYHEHHO20 [0BEPXHOCIMHO20 CrI0sl, O 4YeM ceudemesibCb8yom
MUKpPOCMPYKMYypHble uccriedoeaHusi, npos8edeHHble C MOMOWbIO OMMUYeCcKo20 MemariozpaghuqdecKoeo
Mukpockona.  Tpuboroauyeckue ucrbimaHus  fokasanu  yfyqweHue  U3HococmouKocmu — riocrie
3/71EKMPOIUMHO-/1a3MEHHO20 YNPOYHEHUSsT: 0ns cmarnu 45 obbem usHoca cocmasus 3,03%x10-4 mm3, a ons
obpa3sua u3 cmanu 65— 6,17%10-5 Mm3, ymo coomeecmeeHHO Ha 7 U 4.5 pa3a MeHbwe, 4eM 0b6bem U3Hoca
011 UCXOO0HbIX 06pa3yos. AHanu3 ronsApuU3ayUOHHbIX KPUBbIX roKa3arsl, 4mo MiaomHOCMb KOPPO3UOHHO20
mokKa yMeHbuWUuack o CpasHEHU ¢ UCXOOHbIM obpa3syom. [ns obpasyoe cmanel 45 u 65 I nocne mpex
UUKIT08 371EKMPOIUMHO-/1a3MEHHOZ0 YrPOYHEHUS MI0MHOCMU KOPPO3UOHHO20 moKa cocmasurnu 6,87%10-
6 Alem? u 1,61x10-7 A/cm? coomeemcmeeHHO, makxxe bbiil ommeydeH cdgue KOPPO3UOHHO20 MomeHyuarna 8
CMOPOHY bosiee nonoxumersibHbIX 3Ha4YeHUl, YMo yKa3bieaem Ha yeesludeHUe KOPPO3UOHHOU cmolKocmu.
Pesynbmamsbi  uccnedogaHusi GeMOHCMPUPYOmM 3HadumersibHble  ynydweHuss mpubonoaudyeckux U
KOPPO3UOHHbIX Xapakmepucmuk cmarnel 45 u 65 nocne snekmponumHo-ninasMeHHo20 YrpoYHEeHUsl, 4mo
rnpedcmasnsiem UeHHble 0aHHble O IPou38edCmMeeHHO20 MPUMEHEHUS.

Knroyeenbie cnoega: 3rekmponumHo-rninasMeHHoe yrnpoyHeHue, 3akarnka, cmarsnb 45, cmanb 656
U3HOCOCMOUKOCMb, KOPPO3UOHHAas cmolikocmb, mpubosio2usi, MUKPOCMPYKMypa.
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XPU3OTUI MEH KYKIPT KbILUKbIJbl XXYUECIHAE SPEKETTECYIHE XPU30TUI
KPUCTANAbIK TOPbIHbIH K¥PblIJIbIMAbIK EPEKLUENITHIH ©CEPI

AHOamna: Xpuszomun — Mge[SizO10](OH)skypambiHOarbl MacHuUlidiH mMenuwepiHe (Mendik) Kambicmeol
ecenmeri2eH KyKipm KbIWKbIIbIHbIH MediKk crmexuomempusinbik kaxkemmi menwepnepi (CKM) mex xpusomun
apacblHOarbl ©3apa spekemmecynepiiy cunamsi 3epmmendi. KypambiHOa Kykipm KbiwKblibiHbIH (0-0,3)
CKM apanbirbiHOarbl epimiHOinepdi KondaHraHda, epimiHOiee xpuzomurs KypambiHOarbl MazHUUOiH emy
Mesuepi anbiHFaH KbIWKbIT MesuwepiHe npornopyuoHandbl 6onamsiHbl kepcemindi. EpimiHdiee magHUUOIH
emy menwepi, CKM (0,3-0,5) apanbirsiHda mexenemini, an CKM (0,5-0,7) apanbirbiHda npornopyuoHanobIK
3aHObINbIK Kalima opHafaHMeH, Ma2HUlOIiH epimiHdize emy WhbIFbIMbI OHbIH Xpu3omurndeai MmenwepiHiH 76%-
HaH acnalimbiHbl aHbiKmandbl. KblwKbindbik opmada, xpusomurn-acbecmeH MazHUldiH epyimeH kabammaca
my3inemiH nonukpemHul Kbiwkbindapsl (SiO2-nH>O) mazsHuUldiH epimiHlice emyiH mexelmiH ¢hakmop
6onamabIHObIFbl Kepceminoi.

Xpuzomurn-acbecm XoHe KyKipm KbIlWKbINbl XyleciHOeai XypemiH e3apa spekemmecynep
b6apbicbiHOa, xpusomundeH epimiHdice ememiH MmazHuUl Mmesnuiepi, OHbIH Kabammbl KYpbiflbIMbIHbIH
epeKkwesnikmepiHe balnaHbicmbl 6051amMbiHbI,OHIMOEPIH XUMUSITIBIK XXOHEe peHmeeHogasarnbiK 3epmmeyrnep
HamuXesnepimeH myciHOIpindi.

3epmmey HomuxxenepiHOe, KypaMbl He2i3iHeH CeprneHmMuHUmM mobbiHbIH MUHepandapbiHaH
(xpuzomun, nusapdum, aHmueopum) mypamabiH, KypbiibiMbl xamnnbl  Mgs[SiaO10](OH)s ¢gpopmynacsiveH
epHekmenemiH Kern kabammbl MagHUcUunukammapObiH KblwKblndapda epy ypdici mek ocbl ke3de XypemiH
KbILWKbINObIK-He2i30iK apekemmecyrnep 3aHObINIbIKMapbiHa faHa emec, COHbIMEH Kamap
ceprieHmuHummepdiH KpucmandbiK MOpbIH my3emiH KypblibiMObIK epeKweriikmepiHe Oe baliaHbICMbI
6onambiHObIFbI KEPCEMInOi.
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