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1. ®i3UKO-TEXHOJIOTiYHI OCHOBY CUHTE3Y 3aXMCHUX BaKYyMHO-IIyTOBUX IIOKPUTTIB HA LIMPKOHIEBUX €JIEMEHTAX JIS
AEC

2. Physical and technological bases of synthesis of protective vacuum-arc coatings on zirconium elements for NPP

Pedepar:

1. Po3po6eHi opuriHaibHi TEXHOJIOTIYHI IPOLECH OJepP>KaHHS Ta NOCJIIPKEeHi CTPYKTypa i BIACTUBOCTI BAKyyMHO-
IyTOBUX HAHOCTPYKTYPHUX 3aXMCHUX IIOKPUTTiB Ha ocHOBI Cr, Ti, Al, Fe Ta ix HiTpuziB Ha BUpobax i3 IIMpKOHieBUX
cIyIaBiB. BusHaueHo, 110 po3po6JieHi IOKPUTTS Ha OCHOBI XpOMY Ta MOT0 HiTpUAY Hai6inbll NepCleKTYBHI A1
3aXMCTy NAJIMBHUX 0O0JIOHOK 3 IMPKOHIE€BUX CILIABIB, SIK B pOOOYMX YMOBAX €KCILTyaTallii TaK i Ipy aBapiiHUX
YMOBax y IOBIiTpi Ta y BogsHii napi. [Tokazano, mo po3pobiaeHi nokpurts Cr ta Cr/CrN B iHTepBasi Temneparyp
(350-550 °C) € HaniiHUM 6ap'epOM BiJ, IPOHUKHEHHS BOJHIO i 3aXUIAIOTh LUPKOHIi Bifl HAKONMYEHHS TiIpUiB Ta B
10 pasiB migBUIIYIOTh KOPO3iliHY CTIMKICTh MAaKeTiB TBEJIiB B yMOBaX HAOJIVKEHUX O peakTopHUx. CTBOpEHi
6araroumaposi nokpurts Cr/CrN, ski npu ToBIuHI ~ 10 MKM, CyTT€BO YIOBIiJIbHIOIOTh MIBUJKICTb OKUCIIEHHS

LIMPKOHI€BUX CIJIABiB y MOBITPi Ta y BOAAHIN napi npu temneparypi 1100°C nporsarom He meHme 3600 c. Bucoka



CTiMKiCTb pO3p06JIEHNX IOKPUTTIB 0OYMOBJIeHA (POPMYBAHHSIM Ha iX IOBEPXHi MIiZIbHOTO APy OKCUAY XPOMY.
BussiieHo, 110 HaHECeHHS IOHHO-TIJIa3MOBUX MOKPUTTIB IMPU3BOIUTD [0 MiIBUIIEHHS 06'€MHO-MillHICTHUX
BJIACTUBOCTEN TBEJILHUX TPYOOK. Briepiie BCTaHOBJIEHO, 10 3[100YTi 3a JOIIOMOTrOI0 BAKYyMHO-IyTOBOTO METO/Y
HaHOKPMCTaJIiYHi MeTaJIeBi Ta HITPUIHI TIOKPUTTS NPULATHI [JIs1 BAKOPUCTaHHS B yMOBaX pafialiflHOro

OIIPOMIiHEHHS.

2. The original technological processes of obtaining vacuum-arc nanostructured protective coatings based on Cr,
Ti, Al, Fe and their nitrides on products made of zirconium alloys were developed, their structure and properties
were investigated. It is determined that the developed coatings based on chromium and its nitride are most
promising for the protection of zirconium alloys fuel claddings, both under operating conditions and in accident
conditions in air and in water vapor. It has been shown that the developed Cr and Cr/CrN coatings in the
temperature range (350-550 °C) are a reliable barrier against hydrogen penetration and protect zirconium from
the accumulation of hydrides and increase the corrosion resistance in 10 times of fuel rods models in conditions
close to the reactor. Created Cr/CrN multilayer coatings with a thickness of ~ 10 um reduce the rate of oxidation
of zirconium alloys in air and in steam at a temperature of 1100 °C for at least 3600 sec. The high stability of the
developed coatings is due to the formation of a dense layer of chromium oxide on their surface. It is revealed that
the deposition of ion-plasma coatings leads to an increase in the strength properties of claddings. It was first
established that the nanocrystalline metal and nitride coatings deposited by vacuum-arc method are suitable for
use under irradiation conditions.
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