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Koppo3nonHoe noBpexaeHNe BHYTPEHHEH MOBEPXHOCTU O00OJOYEK TBIJIOB
u3 depputHo-mapTeHCUTHOM ctanu DI1823-I11 mMoxeT paccMaTpUBaThCS KaK OJUH
13 (PaKToOpoB, MOTEHIIMAIBHO OTPAHUYUBAIOIINX PA0OTOCIOCOOHOCTH TB3JIOB C HUT-
PUIAHBIM TOIUIMBOM IIPU BBICOKMX BBITOPAaHMX. /{7151 CHUKEHUI KOPPO3UOHHOIO B3a-
MMOJICHCTBUSI BHYTPEHHEHN Cpejibl TBAJIA C 000J0UKON, HEOOXOIUMO MPEANPUHATD
JOTOJIHUTEIbHBIE MEPBI M0 YBETMUYEHUIO KOPPO3UOHHON CTOMKOCTH CcTanei 000J104eK
TB710B. OJTHUM U3 BapUaHTOB PELIEHUS ITOU MPOOIEMBbI MOXKET ObITh IPUMEHEHHE
paaraliOHHO- ¥ KOPPO3UOHHOCTOMKUX MOKPBITUH. [IOKpBITHS MOTYT ITpe10TBpAILATh
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KOPPO3HOHHOE MOBpEXKAeHHE (hepPUTHO-MAPTEHCUTHBIX CTAJIEH B KUAKOM METaJLIE,
HO 3aIIMTHBIE CBOMCTBA CUJIBHO 3aBUCAT OT coziepkanus kucaopoaa. [lomumo nosene-
HUSI MAaTEPUAJIOB B KOPPO3UOHHOM CpENE, BAKHO OLICHUTh CBOKMCTBA IMOKPBITUNA MOCIE
o0nyuenus. Heo0xoquMo uzydeHue 3BOIOIUN MUKPOCTPYKTYPHI 0] 00JydeHHEeM
Y €€ BIIMSIHUSA Ha JeTpaiaIuio GU3NKO-MEXaHMIECKUX CBOWCTB 3aIUTHOTO TTOKPHITHSL.

B nanHol paboTe M3y4eHO BIUSHHE OOJYUYEHHUS BBICOKOIHEPIETHUECKUMU
MOHAMHU TEJNHUS Ha CTPYKTYPY M MEXAHUYECKHE CBOMCTBA XPOMOBBIX IMOKPBITHA.
[ToxpbITHE OCakKAEHO METOZOM AJIEKTPOJIN3a Ha BHYTPEHHIOIO TTOBEPXHOCTH 000JI0-
yeKk TBAIa u3 (epputHo-MapTeHcUuTHOM ctanu DI1823-11 nmpu mocTossHHOM TOKe.
JIist *MUTAMU pagualiMOHHOTO MOBPEXACHUS HEUTPOHAMH, 00PA3IbI C XPOMOBBIM
nokpbiTieM Ha ctanu DI1823-111 6butn 00yuens nonamu He' ¢ sneprueii 2,4 M»aB.
OO6urydenre TpoBOAUIIOCH Ha ANIEKTpocTaTnieckoM yckopurene D1'-5 Jlaboparopus
Heritponnot ¢uzuku OUAN. Jlns onpenenenus QuroeHca COOTBETCTBYIOIIETO
TpeOyeMOMy paualliOHHOMY MOBPEXIECHUIO, OBbLII IPOBEJCH PACUET paTUaIlHOHHOM
NOBPEXIAEMOCTH B CUCTEME «HAJIETAIOIIAs YACTULA-MULIEHBY» C UCIIOJIb30BAHUEM
nporpammbl SRIM-2013. IToBpexaeHus, HAHECEHHbIE MaTEpUAy, PACCUYUTHIBAINCH
¢ ucnonb3zoBanueM pexkuma Detailed Calculation with full Damage Cascades. Juep-
rusi cmemeHus xpoma (cnerudukarus Croepa) Obia ycTaHoBIIeHa paBHOM 37 9B.
[Tornomennas 103a 00JIy4eHUsT COCTABUII 1,2*10'® nonos/cm?. PacuetHas no3a pa-
JTUALMOHHOTO MTOBPEXICHHS COCTaBUIIA 8 CHA HAa IPAHUILIE Pa3/esia HOKPBITHE-CTab.
Temnepatypa o6pasia Bo Bpemst o0nydeHust He nmpesbimano 100 °C u cnennaabHOTO
HarpeBa He MPOU3BOAMIIOCH. TOJIIMHA XPOMOBOTO HOKPBITHS COCTaBUIIO 3,140,2 MKM.
Pacuetnslii mpober nonos He" ¢ aneprueii 2,4 MaB B cucreMe MOKpPBITHE-CTANb CO-
ctaBui 3,94 MM (niuk bparra). PaguanmoHHyo CTORKOCTh TOKPBITUS U3 XpoMa OIle-
HUBAJIY ITyTEM OLIEHKU OXPYITYUBAHUA U PACITYyXaHUS MOCIIE 00TyYeHHsI MOHAMU TeIIHSL.

O6pasusl ais [I9M-uccnenoBanuii (1amens) ObLIH MOATOTOBJICHBI HA ABYX-
nyukoBoil ycrtaHoBke VERSA 3D HighVac (FEI) ¢ ucnonb3oBaHrneM HOHHOTO
nyuka Ga. VccienoBanus MUKPOCTPYKTYPbl 00pa3oB MPOBOJAUIUCH C TTOMOIIBIO
[19M Tecnai G2 F20 (FEI, INomnmanaust). OnieHka paciyXxaHus TOKPBITHS POBOIHU-
Jack B 00J1aCTH, I OBLJIO MCKIIOYEHO BIMSHHE IMOBEPXHOCTU MOKPBITHUS C OJHOU
CTOPOHBI M UMIUIAHTUPOBAHHBIX HOHOB Tenus (Hayasio muka bparra) c apyroit
ctoponsl (0,5-2,5 Mkm). OOiyueHuEe BBI3bIBAE€T pacIlyXaHUE MOKPBITHUS 32 CUET
HAKOIJICHUS BaKaHCHMOHHBIX JE(PEKTOB M aTOMOB TelHsl B Ta30BBIX ITy3bIPbKaxX.
B 3epHax nokpbItus popMupyroTcsi chepruiecKue ra3oBbie IMy3bIPbKH, paclpe/IeICHHbIE
OTHOCHUTEJILHO PAaBHOMEPHO 10 TENy 3€pHa. | TaBHOW 3a7a4ueil JAaHHOTO MCCIIEI0BAaHUS
OBLJIO U3yYEHHE TPaHULIbl pasziesia MOKpeITHe-cTaib. [Ipu Temneparype o0ayueHus,
He npesbimatomieii 100 °C Ha rpaHuile MOKPBITHE-CTalb, UMEETCS ra30Basi MOPU-
CTOCTb. 1'a30Bbl€ My3BIPbKM PACHOJIOAKEHBI BAOJb T'PAHUIBI pa3liesia, OTCIOCHUS
Y paCTPECKUBAHUS TTOKPBITUS HE OBLII0 OOHAPYKEHO, TOKPBITUE COXPAHUIIO XOPOIIYIO
aJIre€3MI0 C TOBEPXHOCTHIO CTAIH.

Radiation resistance of electrolytic chrome coating
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Corrosive damage to the inner surface of cladding made of ferritic-martensitic
steel EP823-Sh can be considered as one of the factors potentially limiting
the performance of fuel rods with nitride fuel at high burnup. To reduce the corrosive
interaction of the internal environment of the fuel element with the cladding,
it is necessary to take additional measures to increase the corrosion resistance
of cladding steels. One of the options for solving this problem may be the use
of radiation- and corrosion-resistant coatings. Coatings can prevent corrosion damage
to ferritic-martensitic steels in liquid metal, but the protective properties are highly
dependent on the oxygen content. In addition to the behavior of materials in a corrosive
environment, it is important to evaluate the properties of coatings after irradiation.
It is necessary to study the evolution of the microstructure under irradiation
and its effect on the degradation of the physical and mechanical properties
of the protective coating.

In this work, the effect of irradiation with high-energy helium ions on the structure
and mechanical properties of chromium coatings was studied. The coating is deposited
by electrolysis on the inner surface of the cladding made of ferritic-martensitic steel
EP823-Sh at direct current. To simulate radiation damage by neutrons, chromium-coated
samples on EP823-Sh steel were irradiated with He" ions with an energy of 2.4 MeV.
The irradiation was carried out at the EG-5 electrostatic accelerator of the Laboratory
of Neutron Physics of the JINR. To determine the fluence corresponding to the required
radiation damage, a calculation of radiation damage in the “impinging particle-
target” system was carried out using the SRIM-2013 program. Damage to the material
was calculated using the mode “Detailed Calculation with full Damage Cascades”.
The chromium displacement energy (Stoller specification) was set to 37 eV. The absorbed
radiation dose was 1.2*10'® ion/sm?. The calculated dose of radiation damage was
8 dpa at the coating-steel interface. The sample temperature during irradiation
did not exceed 100 °C and no special heating was performed. The thickness
of the chrome coating was 3.1+£0.2 um. The calculated range of He" ions with
an energy of 2.4 MeV in the coating-steel system was 3.94 um (Bragg peak).
The radiation resistance of the chromium coating was assessed by assessing
embrittlement and swelling after irradiation with helium ions.

Samples for TEM studies (lamella) were prepared on a VERSA 3D HighVac
(FEI) dual-beam setup using a Ga ion beam. The microstructure of the samples
was studied using a Tecnai G2 F20 TEM (FEI, Holland). The swelling of the coating
was assessed in the area where the influence of the coating surface on one side and
implanted helium ions (the beginning of the Bragg peak) on the other side (0.5-2.5 um)
was excluded. Irradiation causes swelling of the coating due to the accumulation
of vacancy defects and helium atoms in gas bubbles. Spherical gas bubbles
are formed in the coating grains, distributed relatively evenly throughout the body
of the grain. The main objective of this study was to study the coating-steel
interface. At an irradiation temperature not exceeding 100 °C, there is gas porosity
at the coating-steel interface. Gas bubbles are located along the interface; no peeling
or cracking of the coating was detected; the coating maintained good adhesion
to the steel surface.
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