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IepcnieKTHBBI UCTIONIB30BAHUS ATIMA30MO000HBIX YIIEPOAHBIX MOKPHITHIT B TPHOOTIOTUH BO MHOTOM CBSI-
3aHbI C PA3JIMYHBIMHA TEXHOJIOTUAMUA UX JICTUPOBAHUS. B }IaHHOﬁ pa60Te npeacTaBjiI€Ha KOMIIJICKCHAsA METO-
JUKa I/ICCHe}IOBaHI/Iﬁ JICTUPOBAHHBIX KPEMHHUEM aHMa3OHO}IO6HBIX HOKpBITHf/i, BKJIFOYAKOIIIasaA UCIIBITAHUA HaA
TPEHHUE B IIAPE CO CTATBIO U HCCIIC0BAHUE MEXaHHU3MOB (DPUKIIMOHHOTO B3aMMOICHCTBHUS. DKCICPHUMEHTAITb-
HbIe 00pa3ipbl MOKPHITUH OBLIM MOTYYEHBI METOJIOM XUMHUYECKOTO OCXKICHHUS M3 NMapoBoi (asbl, yCUIIeH-
HOTO TIa3MOH, Ha IIOCKYIO CTAABHYIO MOMIOKKY. TpHOOIOTHYECKHE UCTIHITAHUS POBOIWINCH TI0 CXEMe
«IIAPUK — TUIOCKOCTB)» MPH BO3BPATHO-TIOCTYNATEIHHOM JIBUKCHUH M OTJIHYATUCH BPEMEHEM TPOBEICHUS
JKCIepUMEHTA. MeToiaMu CKaHUPYIOIICH SIIEKTPOHHOM U 30HI0BOM MUKPOCKONHH OBLIH U3ydeHBI MOP(dO-
JIOTHSl 1 XMMHYCCKUI COCTaB UCXOMAHOM MOBEPXHOCTH 00Pa3IoB, MIOBEPXHOCTH 00Pa3I[0B U KOHTPOOPA3oB
nocje TPUOOJOrHYECKUX UCTIBITAHUHA. BBUTH pacCMOTPEHBI MEXaHHU3MbI TpaHCHOpPMAIIMK MOBEPXHOCTHBIX
CJIOEB B MPOLIECCE TPCHUS U POPMUPOBAHUS 3AITUTHOU TNIEHKU BTOPUYHBIX CTPYKTYP HA MOBEPXHOCTH. Y CTa-
HOBJICHO BJIMSIHUE 3TUX M3MEHEHHWH Ha CBOWCTBA (PPUKIIMOHHOTO KOHTAKTa MPH PA3IMYHOM COJCPKaHHN
KPEMHUS B YIVIEPOAHBIX HOKPHITUAX. [IpoBen€H aHaIN3 BIMSHYS IapaMeTPOB Harpy3KH, IPOJIOJKUTEIBHO-
CTH MCIIBITAHUH U COCTaBa MOKPHITHIT Ha MPOIIECCHI 00pa30BaHKsI OBEPXHOCTHBIX aHTU(PUKITHOHHBIX TLIE-
HOK U MX pa3pyuieHus npu TpeHuu. C yBeIMYeHHEM Harpy3kKd HaOJI0JaeTcsi YMEHBIICHUE JUINTEILHOCTH
npUpadOTKH, OJHAKO BMECTE C 3TUM YMEHBIIACTCS U JUIUTENILHOCTh CTA0MIBHOTO HU3KOTO KOA(pPHUIIIEHT
TpeHwsI, KOTOPBIi IpHu chopMuUpoBaBineiics Tpudoménke coctasistet meree 0,1. [Toka3aHo, 4TO BTOPHUYHbIE
CTPYKTYPBI, CIIOCOOCTBYIOIIHE CHIKEHUIO KO3 (HUIMEHTa TPEHHUS, TIOKPBIBAIOT YaCTh paboveil HOBEPXHOCTH
00pa3noB u 3PPEKTUBHBI PU KPATKOBPEMEHHBIX UCTIBITAHUSIX.
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Abstract

The prospects for the use of diamond-like carbon coatings in tribology are largely associated with various
technologies for their alloying. This paper presents a comprehensive technique for studying silicon-doped
diamond-like coatings, including tests for friction in a pair with steel and analysis of the mechanisms of
frictional interaction. Experimental samples of the coatings were obtained by plasma-enhanced chemical va-
por deposition on a flat steel substrate. Tribological tests were carried out according to the “ball — plane”
scheme with reciprocating motion and differed in the time of the experiment. The morphology and chemical
composition of the initial surface of the samples, the surface of the samples and counter-samples after tribo-
logical tests were studied using the methods of scanning electron and probe microscopy. The mechanisms of
transformation of surface layers during friction and the formation of a protective film of secondary structures
on the surface were considered. The effect of these changes on the properties of frictional contact at different
silicon content in carbon coatings has been established. The analysis of the influence of load parameters, test
duration and coating composition on the processes of formation of surface antifriction films and their de-
struction during friction is carried out. With an increase in the load, a decrease in the running-in duration is
observed, however, at the same time, the duration of a stable low friction (with coefficient less than 0.1) stage
decreases. It is shown that secondary structures, which contribute to a decrease in the coefficient of friction,
cover a part of the working surface of the samples and are effective in short-term tests.

Keywords: carbon coatings, silicon doped, friction tests, microscopy, surface changes.

DOI: 10.32864/0202-4977-2021-42-6-670-680

Aodpec 0na nepenucku: Address for correspondence:

U.B. Lxanei 1.V. Shkalei

DedepanvHoe 20¢y0apcmeeHHoe DI00NCEMHOE YUpedcOeHUe HAYKU Ishlinsky Institute for Problems in Mechanics of the Russian Academy
Hnemumym npobnem mexanuru um. A.FO. Hwnunckoeo Poccutickou of Sciences,

akademuu Hayx, Prospekt Vernadskogo, 101-1, Moscow 119526, Russia

Ipocnexm Bepradckozo, 0. 101, kopn. 1, 2. Mockea 119526, Poccus e-mail: ioann_shiva@list.ru
e-mail: ioann_shiva@list.ru

na yumuposanusn: For citation:

U.B. Ulxaneu, T.1. Mypasvesa, A.M. Me3pun, E.B. Topcxas. 1.V. Shkalei, T.I. Muravyeva, A.M. Mezrin, and E.V. Torskaya.
CBs13b MOP(OJIOTHH M XHMHYECKOTO COCTABA TIOBEPXHOCTH [Relationship of Morphology and Chemical Composition of the
JIETUPOBAHHBIX AJIMa30H000HBIX MOKPHITHI ¢ KO HUIIIEHTOM Surface of Doped Diamond-Like Coatings with the Friction
TPEHHUS. Coefficient].

Tpenue u u3HoC. Trenie i Iznos.

2021.—-T. 42, Ne 6. — C. 670-680. 2021, vol. 42, no. 6, pp. 670-680 (in Russian).

DOI: 10.32864/0202-4977-2021-42-6-670-680 DOI: 10.32864/0202-4977-2021-42-6-670-680

671



Tpenue u usmoc
2021. —T. 42, Ne 6. — C. 670—680
U.B. Ulxaneii u op.

Friction and Wear
2021, vol. 42, no. 6, pp. 670—680
LV. Shkalei et al.

CnHcoK HCHO0Jb30BAHHBIX HCTOYHUKOB /
References

1.

Vetter J. 60 Years of DLC Coatings: Historical
Highlights and Technical Review of Cathodic Arc
Processes to Synthesize Various DLC Types, and
Their Evolution for Industrial Applications // Sur-
face and Coatings Technology. — 2014 (257),
213—240

Peter S., Gunther M., Hauschild D., Gram-
bole D., and Richter F. Mid-Frequency Deposition
of a-C:H Films Using Five Different Precursors //
Vacuum. — 2010 (85), 510—513

. Jacob W. and Moller W. On the Structure of Thin

Hydrocarbon Films // Appl. Phys. Lett. — 1993
(63), 1771

. Robertson J. Diamond-Like Amorphous Carbon //

Materials Science and Engineering R. — 2002 (37),
129—281

Hainsworth S.V. and Uhure N.J. Diamond Like
Carbon Coatings for Tribology: Production Tech-
niques, Characterization Methods and Applica-
tions // International Materials Reviews. — 2007
(52),no.3

. Hofmann D., Kunkel S., Bewilogua K., and Wit-

torf R. From DLC to Si-DLC Based Layer Systems
with Optimized Properties for Tribological Applica-
tions // Surface and Coatings Technology. — 2013
(215), 357—363

. Grigoriev S.N., Volosova M.A., Fedorov S.V., and

Mosyanov M. Influence of DLC Coatings Depos-
ited by PECVD Technology on the Wear Resistance
of Carbide End Mills and Surface Roughness of Al-
CuMg?2 and 41Cr4 Workpieces // Coatings. — 2020
(10), 1038

Zhang S., Xie H., Zeng X., and Hing P. Residual
Stress Characterization of Diamond-Like Carbon
Coatings by an X-ray Diffraction Method // Surface

10.

11.

12.

13.

14.

and Coatings Technology. — 1999 (122), nos. 2-3,
219—224

. Grigoriev S.N., Volosova M.A., Vereschaka A.A.,

Sitnikov N.N., Milovich F., Bublikov J.I., Fyodo-
rov S.V., and Seleznev A.E. Properties of
(Cr,AlSi)N-(DLC-Si) Composite Coatings Depos-
ited on a Cutting Ceramic Substrate / Ceram. Int. —
2020 (46), 18241—18255

Gayathri S., Kumar N., Krishnan R., Ravin-
dran T.R., Amirthapandian S., Dash S,
Tyagi A.K., and Sridharan M. Influence of Tran-
sition Metal Doping on the Tribological Properties
of Pulsed Laser Deposited DLC Films // Ceramics
International. — 2015 (41), no. 1, Part B, 1797—
1805

Orrit-Prat J., Bonet R., Ruperez E., Punset M.,
Ortiz-Hernandez M., Guillem-Marti J., Lousa A.,
Cano D., Diaz C., Garci Fuentes G., and Caro J.
Bactericidal Silver-Doped DLC Coatings Obtained
by Pulsed Filtered Cathodic Arc Co-Deposition //
Surface and Coatings Technology. — 2021 (411),
126977

Murata Y., Choo C.-K., Ono H., Nagai Y., and
Tanaka K. Characterization of N-Doped DLC Thin
Films Prepared by Hydrocarbons Pyrolysis
Method // Materials Today: Proceedings. — 2016
(3), Supplement 2, 197—202

Baia Neto A.L., Santos R.A., Freire F.L., Jr., Ca-
margo S.S., Jr., Carius R., Finger F., and
Beyer W. Relation between Mechanical and Struc-
tural Properties of Silicon-Incorporated Hard a-C:H
Films // Thin Solid Films. — 1997 (293), 206—211
Torskaya E.V., Muravyeva T.I., and Sanchez-
Lopez J.C. Study of TiC/a-C(:H) Coatings Before
and After Friction by Nanoindentation // ICIE 2018:
Proc. of the 4" Int. Conf. on Industrial Engineering,
Lecture Notes in Mechanical Engineering. —
Springer. — 2018, 1011—1018

E-mail: FW]@tut.by

JUi1st npHOOPETEHHs TOJIHOTO TEKCTa CTaThi, 0OpaIiaiTech B PEAaKIMIo KypHaIa.

Anpec pepakiuu: 246050, yn. Kuposa 32a, r. 'omens, benapycs Tenedon/dakc: +375 (232) 34 06 36 /34 17 11
Full text of articles can be purchased from the editorial office.

Address: 32a Kirov Street, Gomel, Belarus, 246050 Phone: +375 (232) 34 06 36. Fax: +375 (232) 3417 11

672


mailto:FWJ@tut.by

	И.В. Шкалей, Т.И. Муравьева, А.М. Мезрин, Е.В. Торская
	Ivan Vladimirovich Shkalei, Tamara Ivanovna Muravyeva, Aleksei Mikhailovich Mezrin, and Elena Vladimirovna Torskaya
	Список использованных источников / References


