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2. Anti-corrosion protection of carbon steels by diffusion coatings based on chromium and silicon

Pedepar:

1. Incepranifina po60Ta IPUCBAYEHA 3aXUCTY METAJIIB Bif KOPO3ii, MiBUIIEHHIO HAJlilHOCTI Ta JOBrOBIiYHOCTI
CTaJIeBOro O6JIaIHAHHS IUISIXOM HaHeCeHHs Auy3iiHNK XPOMOCUIIIUAHUX TTIOKPUTTIB ra30BUM METO/IOM B
atMmocdepi xy0py. B poboTi HaBe[leHO pe3ysIbTaT TEOPETUYHUX PO3PAXYHKIB PIBHOBa)KHOTO CKJIaAy
6araTOKOMIIOHEHTHUX CUCTEM 3a YYaCTIO XPOMY, CUJIiLIi10, BYIJIELll0, 3a71i3a, KUCHIO, XJIOpPY, 10 JAJI0 MOXJIUBICTb
BU3HAYWTH UMOBIPHUI CKJIa[, ra30BOi Ta KOHIEHCOBAHOI (a3, ONTHMAaJbHI TapaMeTpH IPOLeCy HACUUEHHS CTaylel
XPOMOM Ta cuJinieM. BusHaueHO HaNOiIbI TEpMOAMHAMIYHO iMOBIpHI XiMiuHI peakilii, 1o MalTh MicIie pu
KOMIIJIEKCHOMY HaCHUY€HHI CTajlell CUJliLlieM Ta XpOMOM. Ha OCHOBi OTprMaHUX IaHUX 3alIPOIIOHOBAHO i
€KCIIEPUMEHTAJIbHO MiATBEPIKEHO paLliOHAJIbHUN CKJIAJ BUXIIHUX PEareHTiB, TEMIIEPATYPHI iIHTEpBaIN
IPOBENEHHS NU(PY3iHOrO HACUYEHHS CTaJIel XPOMOM Ta cuilillieM. BCTaHOBJIEHO CKJIall, CTPYKTYPY,

MIKPOTBEPZiCTb, MiKPDOIIOPYBATICTh TOKPUTTIB. BCTAHOBJIEHO, 1110 OTPUMaHI XpPOMOCUJIILIMIHI TTIOKPUTTS BOJIOZIOTh



BHCOKOIO >KapOCTiliKicTIo B aTMocepHOoMy NoBiTpi 10 1000 °C .Ilpoliec OKMCHEHHSI XPOMOCUJIILIIIOBAaHUX CTajleN
20, 45, V10A B inTepsai temnepatyp 800 - 1000 °C ninnopsikoByeTbcs 1apabolivyHOMY 3aKOHY, 110 CBiUATH IIPO
Iny3ifiHUI MexaHi3M Kopoazii. [TokazaHo, 110 KapOCTiMKICTb XpPOMOCUJIILIMIHUX ITIOKPUTTIB Ha CTaJISIX
nigBuUIIyeThCS B psify: ctanb Y10An ctans 200cTasns 45, Mo MOB'SI3aHO 3 Pi3HOI0 CTPYKTYPOIO Ta CKIal0M OTPUMaHUX
IIOKPUTTIB. BUsiBJIEHO, 10 MicJIsl OKUCHEHHS B AUQy3iiiHOMY 11api NOKPUTTS Ha cTasx 20, 40, 45 yTBOPIOETLCS
okcup xpomy Cr203 Ta okeup cuninio SiO2, sskuil BUKOHYE poJsib 6ap’epHOro mapy. BctaHoBjeHo, 1110 oTprUMaHi
IIOKPHUTTS MiJBUILYIOTh KOPO3iiiHy CTIKiCTh ByIJIELJ€BMX CTaJIel y 6araTbOX BOJHMX cepenoBumax. KoposiiiHa
CTIMKICTh XPOMOCHUJIILIIMOBAHUX CTaJIEN i 3aXMCHA [isl IOKPUTTIB 3aJIEXXUTH Bifl IPUPOIY PO3UMHIB, BULY
Ierossipy3anii KoposiliHOTro rpolecy, Yacy KOpo3iiHUX BUIIPOOyBaHb. BOHM BUSIBJISIOTh HEBUCOKY 3aXUCHY Til0 B
yMOBax KOpo3ii 3 BOAHEBOIO JeroJsipy3aliielo (KOHLEeHTPOBaHi PO3YUHHU CyJ/IbaTHOI Ta XJOPUHOI KUCTIOT, Z=52,3-
76,1%), 6iyb1 BUCOKY IIPU KOPO3ii 3 KUCHEBOIO (TeXHIYHA BOJA, Z= 74,8%; 3% NaCl,Z=82,4%) Ta 3MillIaHOIO KUICHEBO-
BOJHEBOIO (OLITOBA KUCJIOTA, Z=84,8%) nemnospusalieto, HalbisbpIly - B KOHLEHTPOBAHMUX PO3YMHAX HITpaTHOI
Kkucaotu Z= 99,86%). CeneKTUBHICTb 3aXMCHOI [iii TOKPUTTIB 0O0yMOBIIeHa ixHIM pi3HUM BIIMBOM Ha NapljiajbHi
peaxuii KOpO3iMHUX IIPOLECIB Ta Pi3HOIO XiMIYHOIO CTIMKICTIO iXHIX 3aXMCHUX IIIBOK Y Pi3HMX po3unHax. HaHeceHHs
MTOKPUTTIB NPU3BOJUTD 0 NPUCKOPEHHS peaklii BUiNE€HHS BOJHIO, FTaJIbMyBaHHS BiJHOBJIEHHS KUCHIO, 3HIDKEHHS
IIBUJIKOCTI aHOJIHOTO PO3UYMHEHHS CTajlell B aKTUBHOMY Ta [IaCUBHOMY CTaHi. 3alIpOIIOHOBAHO CIIOCOOU
IiABUILEHHS KOPO3iiHOI CTiMIKOCTi (2=99,82%) ByriewLeBux cTajei 3 XxpOMOCWILUIHUMY TIOKPUTTIMU B PO3YMHAX
KUCJIOT 32 PaXyHOK OKMCHEHHS IXHiX I0BEpPXHEBUX IAPiB B aTMOC(EPHOMY NOBITPi 260 BBEAEHHS Y PO3UNHU
KUCJIOT L006aBKM-OKMCHUKA (MOJIi6aTy HATPi0). BospTaMIiepMeTpPUYHUMU JIOCTIIKEHHSIMY TT0OKa3aHo, 110 B
PO34MHaX KACJIOTU OKUCHEHHI TIOKPUTTS XapaKTePU3YIOTbCA CTIIKUM [TACUBHUM CTAaHOM y LIMPOKOMY iHTepBai
noTeHujaniB. TpubOTEXHIYHUMU JOCIIIPKEHHSIMU BCTAHOBJIEHO, 1110 XPOMOCUJIILI0BaHHS MifIBUIIy€E 3HOCOCTINKICTh
craJi 45 B ymoBax abpasuBHoro 3HomysaHH ( 13,0 pasiB) Ta B yMoBax TepTs 6e3 3MalyBajbHOTro Matepiany (7,0

pasiB). HaBeneHi pekomeHalii o0 MpakTUYHOrO BUKOPHUCTAHHSI XPOMOCUJTILIUIHUX [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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1. KnuMenko AHartosiil BonoguMuposuy

2. Anatoliy Klymenko

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



Imentudikarop ORCID ID: 0000-0001-9148-8221

JoparkoBa iHdpopmamnist:

IIoBHe HaﬁMeHyBaHHﬂ lopn,rmqﬂoi 0CO0H: KuiBCchKMiT HayKOBO-JIOCTiIHMIT IHCTUTYT CyIOBUX €KCIIEPTU3

MiHicTepcTBa 1octuiii Ykpainu

Kopg 3a €IPIIOY: 02883096

Micue3HaxoaKeHHS: ByJ. Cim'i Bpogcekux, 6yz. 6, Kuis, 03057, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: MinicrepcTBo ocTuLii YKpaiHu

Inentudikarop ROR:

PeuenseHTu

VIII. 3aKkJII04Hi BiZoMOCTi
BiiacHe IIpizBuie Im'sa ITo-6aTbKOBI
TOJIOBH paju

BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
rOJIOBYIOYOrO Ha 3acigaHHi
BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

Peectparop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZasIbHUM 3a peecTpallilo HayKOBOi

OisIIBHOCTI

CBigepcpkuil BaseHTUH AHAaTOMINOBUY

CBimepcpkuil BajeHTrH AHATOMIIOBUY

SIHuesuny K.B.

VKpIHTEI

FOpuenko TetsHa AHaTosiiBHA



