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Preparation of powder coatings on the surface of steel balls
by mechanochemical synthesis

This work presents the results of the study of tribological and corrosion properties of powder coatings based
on VN, TiN, SiC and Cr,N obtained by mechanochemical synthesis on the surface of steel balls ShKh15. The
idea of this method is using the impact energy of moving balls to apply coatings on metal surfaces. Based on
the conducted research, it was proved using the method of mechanochemical synthesis possible to obtain a
coating of VN, TiN, SiC, and Cr,N on the surface of steel balls. The optimal parameters for coating were
chosen: amplitude of the oscillation 3.5 mm; frequency of the oscillation 50 Hz; volume of filling of the
chamber 50 %, the diameter of the ball 6 mm; ratio mass of the powder to the mass of the balls m,:m,=1:30,
processing time by mechanochemical synthesis is 1 hour. It is established that the change in the characteris-
tics of coatings directly depends on the stiffness and physical and mechanical properties of the source materi-
al (substrate) and surface roughness. The results of the tribological study showed that a wear-resistant coating
was formed on the surface of the steel balls.

Keywords: mechanochemical synthesis, steel ShKh15, coating, coefficient of friction, wear resistance, corro-
sion, vibration stand, bearing.

Introduction

The machines longevity and mechanisms are mostly determined by the wear resistance used in their
construction of bearing units. Wear of bearing units is followed by changes in the size of all components of
their construction the rubbing detail. Feature of the work friction bearing units is the impact of: working
pressure, temperatures, changing speeds of relative sliding or rolling, environmental aggression which leads
to a certain type of wear (fatigue, abrasive, water-abrasive, corrosion-abrasive, etc.) and as a result of de-
crease in performance and reduce the durability of the friction bearing unit. The wear resistance of friction
bearing units is largely determined by the quality of the lubricant material, the parameters of the contact sur-
faces of the details (shape deviation, waviness, roughness), and the physical-mechanical properties of the
surface layer, which are formed during production and change during exploitation.

The application of the mechanical alloying (MA) method to obtain coatings on the metal surface is a
new direction of surface treatment. Special attention is paid to the surface treatment of steel balls using the
MA method. Steel bearing balls used in mechanical engineering, construction, etc. are exposed to rapid wear
under various loads and have a negative impact on production. A significant role is played by improving the
physical and mechanical properties of the surface by applying various powders to the surface of steel balls
[1-4]. Methods such as electrochemical, ion implants, chemical and physical coatings, and electron beams,
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which are widely used in practice, always do not give good results. Therefore, in this direction, it is more
effective to increase the surface properties of the material by using MA. This process has been the object of
intensive research confirming the importance of its application in various industries. Recently, processes
activated by mechanical action (mechanochemical synthesis, mechanical activation, mechanical alloying)
have become the subject of intensive research in connection with their prospective application in various
industries, as they provide the creation of new non-traditional, ecologically pure and less expensive
technologies compared to existing methods of coating metal surfaces such as chemical and physical vapor
deposition, self-propagating high-temperature synthesis, thermal spraying, sol-gel method, etc. Exists needs
to develop new methods of deposition coating the surface of metals and alloys [5-9]. In this regard, the aim
of this work is to obtain coatings on the surface of the ShKh15 steel balls by method of mechanochemical
synthesis.

Methods and materials

A thin coating of Cr,N was obtained on the surface of the bearing balls made of ShKh15 steel by the
method of mechanochemical synthesis on the vibration stand IV-50. The optimal parameters for coating
were selected: amplitude of the oscillation 3.5 mm; frequency of the oscillation 50 Hz; volume of filling of
the chamber 50 %, the diameter of the ball 6 mm; ratio mass of the powder to the mass of the balls
m,:m,=1:30, processing time by mechanochemical synthesis is 1 hour. Figure 1 shows a scheme of the MA
method. The essence of this method is that steel balls and powder of a specific chemical composition are
placed in a chamber, and in a particular range of frequency form a coating on the surface of the material
processed under the influence of the shock energy of the balls, exposing the mechanical vibration accelerator
to vibration in a specific frequency range. The frequency of mechanical vibration is determined by the
composition of the applied mixture and in accordance with the mechanical properties of the treated material.
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Figure 1. Vibration stand IV-50 for the obtained coatings

VN, TiN, SiC, Cr,N coatings obtained by MA method on the surface of steel ShKh15 was selected as
the object of research. The diameter of the ball is 6 mm, the fraction of selected powders is 2040 mp. The
mass of the balls (my,=36 g) and the powder (m,=12 g) which placed in the chambers were stable. The
volume filling of the chamber with balls was about 80—85 %, depending on the size of balls It was selected
that the distance between the surface of the ball layer and the treated material was close to the value of the
oscillation span (two amplitudes) to obtain the maximum impact force of the balls. It should be noted that by
varying the filling volume of the vibration chamber with balls, possible changes character of the impact on
the treated material. At low filling coefficients, the movement of the balls occurs at the maximum speed, but
the interaction of the balls with each other and the treated surface is minimal, which leads to low values of
the intensity of the bringing energy. With an increase in the filling volume the chamber with balls, the
frequency of collisions increases significantly, but due to the reduction in the length of the free path, the balls
do not have time to accelerate to high speeds.

Turning medium unbalanced vibration stand relative to the two extremes unbalanced was adjusted
working amplitude oscillation 3.5 mm. Considering the technical characteristics of the installation, the set
value of the amplitude provides a sufficient intensity of the bringing mechanical energy of the impact of the
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balls for coating. A significant increase in the amplitude (about 5 mm) with a high degree of loading leads to
a sharp rise in the consumption of energy. On this basis, an excessive increase in the amplitude is not always
effective, in addition, it influenced the construction of the used installation.

The oscillation frequency of the three-phase asynchronous motor (SA80MA2UZ) was regulated by the
frequency Converter MG.02.C2.50-VLT (Danfoss). Using the tachometer TCh10-P, the oscillation
frequency was measured by direct connection to the asynchronous engine. At a nourishing frequency of
50 Hz, the oscillation frequency of the asynchronous engine was equal to 2688 + 69 rpm.

Results and discussion

The tribological properties of the balls are determined on the TRB® tribometer. The rotation radius is
5 mm, the speed is 5 cm/s, the installed load is 15 N, the path length is 75 m. Figure 2 shows the coefficient
of friction of coatings VN, TiN, SiC, Cr,N applied to steel balls ShKh15. The friction coefficient of steel
ShKh15 is pshknis = 0.488, for pyn=0.416, prin=0.562, psic=0.563, pcon=0.476 (Table 1). A thin and
strong coating is formed on the surface of the balls by using MA. According to the tribological research, the
greatest friction coefficient was observed with TiN and SiC balls. Based on the results of the study of the
wear intensity by weight loss, we can say that balls with TiN and Cr,N coatings have a high wear resistance.

1.0 a)
0.75

0.508

0.25

0.75- b)
0.50-

0.25]

0.7 _ c)
0.50} ' |
0.25

075 d)
0,50
0.25

Coefficient of friction, p

0.749" e)

0.50 WMW
0.25
o P .

1

ool o d o b oo 8 o % o) o b o 8 PP P
5 10 15 20 25 20 35 40 45 50 55 GO 65 VO V5

Friction path (L), m
a — Steel ShKh15; b — VN coating; ¢ — TiN coating; d — SiC coating; e — Cr,N coating

Figure 2. The friction coefficient of the samples

Table 1
The results of tribological research of steel ShKh15 and coatings
Sampl Steel VN TiN SiC CrN
pies ShKh15 coating coating coating coating
the middle of the friction coefficient, Wpg. 0,488 0,416 0,562 0,563 0,476
Standard deviation 0,064 0,071 0,070 0,083 0,081

With a view to improve the durability and reliability of gas turbine engine bearings by increasing their
corrosion resistance, various methods are being developed to extend the service life of bearings in situations
when may occur lubricating oil pollution with the salt water. If water or aggressive environments penetrates
in the bearing to such an extent that lubricants cannot protect the steel surfaces and corrosion occurs. In work
[10], the influence of heating on the corrosion properties of TiN and CrN coated steels was investigated. The
results of the research showed that samples coated with Cr,N showed better anti-corrosion properties than
TiN-coated steels. The corrosion of steel ShKh15 before and after the application of a thin film coating Cr,N
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by mechanochemical alloying was determined by the method of potentiometric. The method of
potentiometry is based on the dependence of the concentration/activity of ions in a solution with an electrode
on the equilibrium electrode potential, i.e. the EDS of a reversible galvanic cell consisting of electrodes im-
mersed in the test solution was measured, where the potential depended on the concentration of the determin-
ing ions. Corrosion tests were performed on a potentiostat-galvanostat P150, in a 4 % solution of nitric acid
(HNO:3). The corrosion test results of samples are shown in Table 2.

Table 2

Corrosion test results of samples

S’ ECOIT) M7 nﬂ p7 RCOKT’
Sample cm’ | mV le(1) g/mol | g/mol b g/em’ cm/year

Shhl5 initial | 0.45 | 926 |-2.32| 56 56 | 3.15E+07 | 7.8 ]10.0047| 1.06E-02 |1.563|0.445| 0.445

ShKhIS with | 45| 1008 |-3.11| 118 | 60 |3.158+07 | 5.8 |0.0008| 1.728-03 |0.498]0.191| 0.191
Cr,N coating

iCOﬂ”) A jCOITﬂ A/Cm2 m7 g 17 cm

The corrosion behavior of samples was estimated by the size of their electrode potentials, by measuring
and regulating the currents and voltages at the working electrode during electrochemical research. The test
results showed that after applying the Cr,N coating, the corrosion rate was 0.191 cm / year, which is twice as
less as that of uncoated steel ShKh15.

Conclusion

Tribological and corrosion characteristics of chromium-based thin-film coatings applied by
mechanochemical method on the surface of steel balls were researched. It is established that the mechanical
alloying of nitride coatings depends on the process parameters that determine the flow of energy bringing.
The growth rate of the coating is determined by the processing time and the intensity of the energy brought,
the latest depends on the size and mass of the balls. The thickness of the coatings, uniformity and structure
can be adjusted widely by changing the process parameters. The thickness of the coatings, uniformity and
structure can be adjusted widely by changing the process parameters. The developed method of
mechanochemical alloying allows obtaining VN, TiN, SiC, Cr,N coatings on bearing balls at room
temperature, in a short processing time and with minimal energy expenditure. The improvement of
tribological and corrosion characteristics of ShKh15 steel was identified after applying thin-film coatings
based on TiN and Cr,N applied by mechanochemical method..

This paper was performed within the grant financing of scientific research for 2018—2020 of Committee
of Science of the Ministry of Education and Science of the Republic of Kazakhstan. Grant BR05236748
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Bb.K. Paxagunos, /I.b. byittkenos, XK.b. Carnonnuna, JI.I'. XKypepona, B. Bene6a

MexaHOXMMUSUIBIK CHHTE3 d1iciMeH 00J1aT IapJjapabiH 0eTiHe YHTAK
JKaOBIHAAPBIH aJTy

Maxkanana LIIX15 Gonar mapnapbIHbIH OeTiHIE MEXaHOXUMILUIBIK cuHTe3 oniciMeH anbiaFaH VN, TiN, SiC
xoHe CroN Heri3iHAeri yHTaK >kaOBIHIAPBIHBIH TPHOOJIOTHSUIIBIK JKOHE KOPPO3USIBIK KAaCHETTEpiH 3epTTey
HOTIDKENepl KenTipiareH. By omicTiH Herisi — COKTHIFBICKAH IIapiiap SHEPTUSICHIH IaiifagaHa OTHIPHII,
Metayu OerTepiHe >kaObIHIap »kary. JKypri3iireH 3eprreyiep HeETi3iHIe MEXaHOXHMMISIIBIK CHHTE3 OJiCiH
Kosmana oTeIpein, Oonar mapnapaslH Oerine VN, TiN, SiC, Cr,N xaOBHIBICHIH aimyFa OOJaTHIHIBIFBI
nenesnaenai. XKabbiH any yIIiH OHTalIbl mapaMeTpliep TaHJalabl: TepOenic aMIIuTyAack 3,5 MM; Tepbenic
xuimiri 50 I'm; kamepanel TonTelpy mopexkeci 50 %, miapiaslH AuaMeTpi 6 MM; YHTAaK MacCachIHBIH
IIapIapAbIH MacCachlHa KAaTBIHACKI My:ny, = 1:30, MEXaHOXMMUANBIK CHHTE3 d/liCiMEH OHIEY YaKbITHI 1 car.
JKaObIHOapabIH cUNATTaMaIapbIHBIH ©3repyl OacTanmksl MaTepHaliblH (CyOCTpPATThIH) KATTBUIBIFBI MEH
(U3HUKaNBIK-MEXaHUKAIBIK KAacHeTTepiHe jkoHe OeTiHIH Kexip-OyJbIphlHA Tikened OalIaHBICTHI EKeHMIri
aHBIKTAIIBL. TpHOONOTHSUIBIK 3€PTTCYAIH HOTIDKENEpi OOJIaT HIapiapAblH OCTIHIE TO3YFaTe3iMIl kKaOblH
naiina OOJFaHBIH KOPCETTI.

Kinm ces3oep: mexanoxuMusutsIK cunTe3, LIIX15 Gonatsl, sxalbiH, yiikenic koaQQuImenTi, To3yFaTe3IMILIIK,
KOppO3usi, Aipii CTeHATEp, TOAIUITHHK.

Bb.K. Paxagunos, /I.b. byittkenos, XK.b. Carnonnuna, JI.I'. XKypepona, B. Bene6a

l'[onyqe}me MOPOUIKOBBLIX l'lOKprTI/lﬁ Ha MOBEPXHOCTHU CTAJIBHBIX LIIAPOB
METOA0OM MEXAHOXUMHYECCKOI0O CHHTE3A

B crarse npuBeneHb! pe3yabTaThl HCCIEOBAHUS TPHOOJIOTHIECKHX H KOPPO3HOHHBIX CBOMCTB IOPOIIKOBBIX
mokpeitiii Ha ocHoBe VN, TiN, SiC u Cr,N, momy4eHHBIX METOIOM MEXaHOXMMHUYECKOTO CHHTE3a Ha MO-
BEpXHOCTU cTaibHBIX MmapoB IIIX15. Mpmest maHHOTO MeToJa COCTOUT B HCIIONB30BAHHU JSHEPTHH YIApOB
JBIDKYIUX MIapOB JJIsI HAHECEHHUsI IIOKPBITHI Ha MeTa/uIMdeckue noBepxHocTu. Ha ocHOBaHMM IPOBECHHBIX
UccleIoBaHui OBLIO JJOKa3aHO, YTO, C HCHONB30BAaHUEM METOJa MEXaHOXHMUYECKOTO CHHTE3a, MOXKHO
nony4uuth mokpbiTust VN, TiN, SiC, Cr,N Ha HOBEepXHOCTH CTaJbHBIX IapoB. ONTHMaIbHBIMH [TapaMETPaMH
JUI. HAHECEHUS IOKPHITHH ObLIM BHIOpaHBl aMIUIMTyda KosebaHus 3,5 mwm; yactora kojebanus 50 I'm;
CTerneHb 3amonHeHust kamepsl 50 %, anamerp mapa 6 MM; OTHOIIEHHE MAcChl MOPOIIKA K Macce ILIapoB
my:my = 1:30; Bpemst 06pabOTKH METOZIOM MEXaHOXMMHYECKOTO CHHTE3a COCTaBIO 1 4. YCTaHOBIEHO, YTO
HM3MEHEHUE XapaKTEePUCTUK MOKPHITUH HAPSIMYIO 3aBUCHT OT JKECTKOCTH U (PU3UKO-MEXaHHYECKUX CBOUCTB
HCXOMHOTO Marepuana (MOIJIOKKH) U IIepOXOBaTOCTH HOBEPXHOCTH. Pe3ymbTaThl TpHOOIOTHUECKOTO
HCCIIE0BAaHMS TIOKa3aIt, YTO Ha OBEPXHOCTH CTAIBHBIX IAPOB 00pa30BaJIOCh H3HOCOCTOHKOE MOKPHITHE.

Kniouesvie cnosa: mexanoxumudeckuid cuHte3, crainp IIX15, mnokpeitie, Ko3)(GHUUMEHT TpeHus,
HN3HOCOCTOMKOCTB, KOPPO3Usl, BUOPALIMOHHBIN CTEH, MOJIIUITHUK.
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