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Pedepar:

1. Incepranifina po60Ta IPUCBIYeHA 3aXUCTy MEeTAJIB Bif KOpO3ii, MigBUIIeHHIO HaliHOCTI Ta JOBrOBIiYHOCTI
CTaJIeBOro o6JIaIHAHHS IIJISIXOM HaHeCEeHHs Auy3ifiHUX XPOMOCUIIIIIUIHUX TTIOKPUTTIB ra30BUM METO/IOM B
atMmocdepi xyopy. B poboTi HaBe[IeHO Pe3yIbTaTh TEOPETUYHUX PO3PAXYHKIB PIBHOBAKHOTO CKJIAAy
6araTOKOMIIOHEHTHUX CUCTEM 32 YYaCTIO XPOMY, CUJIIIIiI0, BYTJeLllo, 3a1i3a, KUCHIO, XJIOPY, 10 4aI0 MOKJIUBICTb
BM3HAUUTY MMOBIPHUI CKJIaT, ra30B0Oi Ta KOHAEHCOBaHOI ¢a3, ONTUMAaJIbHI IapaMeTpy IIPOLeCcy HaCUYeHHs CTajlel
XPOMOM Ta cuJiinieM. Bu3HaueHo Hal6ibLI TEpMOAMHAMIUHO iIMOBIpHI XiMiuHi peaxilii, 110 MalOTh Miclie Tpu

KOMIIJIEKCHOMY HacUYeHHi cTaynen CI/IJIiHieM Ta XPOMOM. Ha ocHoBi OTPUMAHUNX NAHUX 3aIIPOIIOHOBAHO i



€KCIIEPUMEHTAJIbHO MiATBEPIKEHO paLliOHAJIbHUM CKJIAJ, BUXIIHUX PEareHTiB, TEMIIEPATYPHI iIHTEpBaIN
npoBefieHHs Udy3ifHOro HaCUYEHHs CTajiell XpOMOM Ta cuijlillieM. BCTaHOB/IEHO CKiall, CTPYKTYPY,
MIKPOTBEPIiCTh, MiKPOIIOPYBATiCTh TIOKPUTTIB. BCTaHOBJIEHO, 1110 OTPMMaHi XPOMOCHUJIILAIHI TOKPUTTS BOJIOJIIOTh
BHICOKOIO >KapOCTIlKiCTIO B aTMOcepHOMy NOBiTpi 10 1000 °C .Ilpouec OKUCHEHHS XPOMOCHUJILIIOBAHUX CTajlelN
20, 45, Y10A B inTepsani temnepatyp 800 - 1000 °C nignopsigKoByeTbCs 1apaboliYHOMY 3aKOHY, IO CBiTYUTH PO
IndysifiHUI MexaHi3M Kopoazii. [TokazaHo, 10 KapOCTiMKICTh XpPOMOCUJIILIMIHUX TIOKPUTTIB Ha CTaJISIX
nizBUIIyeThCS B psify: ctanb Y10An ctanb 200cTasns 45, Mo [OB'SI3aHO 3 Pi3HOI0 CTPYKTYPOIO Ta CKJIalOM OTPUMaHUX
IOKPUTTIB. BUsIBJIEHO, 110 MicJIsl OKUCHEHHS B AUQy3iiiHOMY 11api NOKPUTTS Ha cTasx 20, 40, 45 yTBOPIOETLCS
okcup, xpomy Cr203 Ta okeup cusiniio SiO2, siknii BUKOHYE poJjib 6ap’epHOro mapy. BctaHoBjeHO, 10 oTprUMaHi
IIOKPUTTS MiJIBULIYIOTh KOPO3ilHY CTilKiCTh ByIJleLleBUX CTajel y 6araTboxX BOJHUX cepenosuiax. Koposiiina
CTIMKICTh XPOMOCHUJIILIIMOBAHUX CTAJIEN i 3aXMCHA [isl IOKPUTTIB 3aJIEXXUTH Bifl IPUPOIY PO3UMHIB, BULY
IenoJigpu3allii KoposiliHOro npouecy, 4acy Kopo3iiiHux BUIIpoOyBaHb. BOHU BUSBIISIIOTh HEBUCOKY 3aXUCHY Hil0 B
yMOBax KOpo3ii 3 BOJHEBOIO Jerossipr3aliielo (KOHLeHTPOBaHi PO3YUHU CyJyIbPaTHOI Ta XJOPUHOI KUCIOT, Z=52,3~
76,19), 6inp11 BUCOKY IIPU KOPO3ii 3 KNCHEBOIO (TeXHiIYHa BOJa, Z= 74,8%; 3% NaCl,Z=82,4%) Ta 3Mill1aHOIO KUCHEBO-
BOJHEBOIO (OLITOBA KUCJIOTA, Z=84,8%) nemnosspusalieo, Hanb6isbIly - B KOHLEHTPOBAHUX PO3YMHAX HITpaTHOI
Kucaotu Z= 99,86%). CeneKTUBHICTb 3aXMCHOI [Iii TOKPUTTIB 06yMOBIIeHa iXHIM pi3HUM BIIMBOM Ha IapijiasbHi
peaxii KOpO3ifHUX IIPOLECIB Ta PI3HOIO XiMIYHOIO CTIMKICTIO iXHiX 3aXUCHUX IJIiBOK Y Pi3HUX po3unHax. HaHeceHHs
IIOKPUTTIB PU3BOJAUTD 4O IPUCKOPEHHS peakliii BUIiJIeHHS BOLHIO, TaJIbMyBaHHS BilIHOBJIEHHSI KMCHIO, 3HVDKEHHS
IIBUAKOCTi aHOGHOTO PO3YMHEHHSI CTa/lell B aKTUBHOMY Ta IACMBHOMY CTaHi. 3alIpOIIOHOBAHO CIIOCOOU
IiABUILEHHS KOPO3iiHOI CTiliKoCTi (2=99,82%) ByriewLeBux cTajeil 3 XxpOMOCWILUIHUMY TIOKPUTTIMU B PO3YMHAX
KUCJIOT 32 PaXyHOK OKMCHEHHS IXHiX 10BEpXHEBUX IIapiB B aTMOCPEPHOMY NIOBITpi a60 BBEAEHHS Y PO3UNHU
KUCJIOT 00aBKU-OKMCHMKA (MOJiOAAaTy HATPil0). BospTaMnepMETPUYHMMU TOCiTKEHHSIMU 110Ka3aHo, 1110 B
PO34YMHaX KACJIOTU OKMCHEHHI TTIOKPUTTS XapaKTePU3YIOTbCS CTIIKMM [TIACMBHUM CTAaHOM y LIMPOKOMY iHTepBai
noTeHujaniB. TpubOTEXHIYHUMU [AOCIIIIPKEHHSIMU BCTAaHOBJIEHO, 1110 XPOMOCUJIIII0BaHHS MifIBULIy€ 3HOCOCTINKICTh
crasi 45 B ymoBax abpasuBHOro 3HomysaHH ( 13,0 pasiB) Ta B ymMoBax TepTd 6€3 3MalllyBaJbHOro Marepiany (7,0

pasiB). HaBeneHi pekomeHzanii mom0 mpakTUYHOrO0 BUKOPHUCTAHHS XPOMOCUITILIUIHYX [TIOKPUTTIB.

2. The dissertation is devoted to the protection of metals from corrosion, increasing the reliability and durability of
steel equipment by applying diffusion chromium silicide coatings by the gas method in a chlorine atmosphere. The
paper presents the results of theoretical calculations of the equilibrium composition of multicomponent systems
involving chromium, silicon, carbon, iron, oxygen, chlorine, which made it possible to determine the possible
composition of the gas and condensed phases, the optimal parameters of the process of saturation of steels with
chromium and silicon. The most thermodynamically probable chemical reactions that occur during the complex
saturation of steels with silicon and chromium have been determined. Based on the data obtained, the optimal
composition of the starting reagents and the temperature intervals for diffusion saturation of steels with
chromium and silicon have been proposed and experimentally confirmed. The composition, structure,
microhardness, and microporosity of the coatings were determined. It was established that the obtained
chromium silicide coatings have high heat resistance in atmospheric air up to 1000 °C. The oxidation process of
chromium silicide steels 20, 45, U10A in the temperature range of 800 - 1000 °C obeys a parabolic law, which
indicates a diffusion mechanism of corrosion. It was shown that the heat resistance of chromium silicide coatings
on steels increases in the following order: steel U10A o steel 20 o steel 45, which is associated with the different
structure and composition of the obtained coatings. It was found that after oxidation on the surface of the
chromium silicide coating on steel 20, 40, 45, chromium oxides Cr203 and silicon oxide SiO2 are formed, which
acts as a barrier layer. It was established that the obtained chromium silicide coatings increase the corrosion
resistance of carbon steels in many aggressive aqueous environments. It was shown that the protective effect of
the coatings significantly depends on the nature of the solutions and the type of depolarization of the corrosion
process. They exhibit a low protective effect in conditions of corrosion with hydrogen depolarization
(concentrated solutions of sulfuric and hydrochloric acids, Z=52.3-76.1%), higher in corrosion with oxygen
(industrial water, Z= 74.8%; 3% NaCl, Z=82.4%) and mixed oxygen-hydrogen (acetic acid, Z=84.8%) depolarization,



the highest - in concentrated solutions of nitric aci (Z= 99.86%). It has been established that the selectivity of the
protective action of coatings in different solutions is due to their different effects on partial reactions of corrosion
processes and the different chemical resistance of their protective layers in these solutions. The coatings
accelerate the hydrogen evolution reaction, inhibit oxygen reduction, reduce the rate of anodic dissolution of
steels in the active and passive state. The methods are proposed for increasing the corrosion resistance of carbon
steels with chromium silicide coatings in aqueous aggressive environments by oxidizing their surface layers in the
air atmosphere or introducing an oxidizing additive (sodium molybdate) into acid solutions. Corrosion-
electrochemical methods revealed that oxidation of surface layers of chromium-silicide coatings provides effective
corrosion protection of steel in solutions of sulfuric and hydrochloric acids (Z=99.92-99.98%). Voltammetric
studies have shown that in acid solutions, oxidized coatings are characterized by a stable passive state, which
indicates their high protective properties in a wide range of potentials. Tribotechnical studies established that
chromium-silicide increases the wear resistance of steel 45 under conditions of abrasive wear ( 13.0 times) and
under conditions of friction without lubricant (7.0 times). The recommendations are given for the practical use of

chromium-silicide coatings.
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Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu
InenTudikarop ROR:

CeKTOop HayKH:. YHIBEPCUTETCHKUIL



BiacHe IIpizBuie Im'sa I1o-6aThKOBI:
1. KnuMenko AHatosiil BonoguMuposuy

2. Anatoliy Klymenko

KBasigikanis: . . u., c.1., 05.17.14

ImenTudikarop ORCID ID: 0000-0001-9148-8221

JonaTkoBa iHdopmanist:

IloBHe HaliMEeHYBaHHS IOPHUAHUYHOI 0COOM: KuiBChKMil HAYKOBO-AOCIIHUI IHCTUTYT CYZOBUX €KCIIEPTUS

MinicTepcTsa ocTuLii Ykpainu

Kopg 3a €IPIIOY: 02883096

Micue3HaxoaKeHHS: ByJ. Cim'i Bpozcekux, 6ya. 6, Kuis, 03057, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBo 10cTULil YKpaiHu

InenTudikarop ROR:

CeKkTop HayKH: [anyseBuii

PeuenseHTu

VIII. 3aKkJII04Hi BiZoMOCTi

BiiacHe IIpizBuine Im'sa I1o-6aTbKOBI

TOJIOBH pagu

BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

rOJIOBYIOYOTO Ha 3acigaHHi

BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 3a peecTpallilo HAayKOBOIi

OisIIBHOCTI

CBimepcrkuil BajeHTHH AHATOMIOBUY

CBimepchkuil BajeHTUH AHATOMiOBUY

SnueBuy K.B.

VKpIHTEI

FOpuenko TetsHa AHaTosiiBHA



