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KOPO3IMHY CTIMKICTb METAJIEBOTO T'A®HIIO

2. Influence of thermomechanical treatment on physical and mechanical properties and radiation and corrosion

resistance of metallic hafnium

Pedepar:

1.V pucepraniiiHoMy TOCIiIPKEHH] BUPIllleHA Ba)KJIMBA HAYKOBA 337a4a — BCTAHOBJIEHO BILJIUB TEPMOMEXaHIYHO]
00pOOKHM Ha CTPYKTYPY Ta TEKCTYPY ragHilo, a TAKO>XX BCTAHOBJIEHO iX 3B'S130K 3 OCHOBHMMU XapaKTepUCTUKaMU
radHilo, SIKi BIIJINBAIOTh HA PECYPC €KCITyaTallii BUpO6iB B akTUBHil 30HI peakTopa BBEP-1000. Lle mo3Bonuio npu
ix BUroToBsieHHi, KoMbiHauieo gedopmauii 3 Binnasom, OTpUMaTH BUPO6H 3 radHiio B pi3HOMY CTPYKTYPHO-
TEKCTYPHOMY CTaHi, a OTKe, i 3 pi3HUMM CTPYKTYPHO-UYYTJIMBUMH BJIACTUBOCTSMU. B po6OTi focifkeHo BIIMB
pi3HUX BUJiB (KyBaHHSI, TPOKATKA) i TUIIB (rapsiya, TeIla, X0JI04Ha) AedopMallii Ha 3MiHY CTPYKTYPH i TEKCTypU
IpYTKiB raHio. OTPMMaHO i MPOaHaIi30BaHO OCHOBHI SIBMINA IEPETBOPEHHS CTPYKTYPU 1 3MiHY BJIaCTUBOCTEH, SIKi

BMHUKAIOTb [IPY XOJIOJHIN, TEIIiil Ta rapsyiil nedpopmatiii npyTkis MetasieBoro radHito mapku I'OE-1. Otpumano



€KCIIepUMEHTaJIbHI [jaHi 1010 BILIMBY BifnasiB Ipu TemmnepaTypax B iHtepsasi 550...1100 °C Ha cTpyKTypy
IepOpMOBaHUX IIPYTKIB 3 Pi3HUM HaKJIENOM (BUTOTOBJIEHUX 32 PI3HUMU TEXHOJIOTIYHUMU cXemamu). B poborTi
MIOJAIOTHCS Y PO3IJIIAI0ThCS PE3YJIbTATU JOCIIIKEHHS 3aJIEXKHOCTI MEXaHIYHUX BJIACTUBOCTEN, KOPO3ifHOI Ta
pazianiiiHoi CTIMKOCTI CTPYKHIB radHilo Bif ix cTpyKTypu. OTpUMaHi KOMIJIEKCHI pe3yJIbTaTH PO3PaXyHKOBHUX,
(}i3YHUX, EKCIIEPUMEHTAJIbHUX JOCTiKEeHb i BUTIPOOYBaHb, JO3BOJISIIOTh CTBOPIOBATH B BUPOOAX i3 radHilo, mpu
3aJlaHMX TIapaMeTpax TEPMOMEXaHIYHOI 06POOKH, CTPYKTYPHO-(A30BUIA CTaH 3 PETryJIbOBAHUMU XapaKTEPUCTUKAMU
pazianiiiHoi i KOpo3ifiHOI CTIMKOCTI i HEOOXiIHUMU NTOKa3HUKAMU pecypcy po60TU BUPOOIB B CKJIaZi €/1I€MEHTIB
CHUCTEMH YIPABJISHHS i 3aXUCTY, IPU3HAUYEHUX [0 POOOTH B YMOBAaX peakTopis Tuny BBEP.

2. An important scientific problem was solved in the dissertation research - the influence of thermomechanical
processing on the structure and texture of hafnium was established, as well as their relationship to the main
characteristics of hafnium, which affect the service life of the products in the VVER-1000 reactor core, was
determined. This made it possible, in the manufacturing process, by combining deformation with annealing, to
obtain hafnium products with various structural and textural states, and, therefore, with various structurally
sensitive properties. The influence of various methods (forging, rolling) and types (hot, warm, cold) of deformation
on the change in the structure and texture of hafnium rods is investigated. The main phenomena of structure
transformation and change of properties that arise at cold, warm and hot deformation of metal nuclear grade
hafnium HFE-1rods are received and analyzed. Experimental data on the effect of annealing at temperatures in the
range of 550...1100 °C on the structure of deformed rods with different hardening (produced according to different
technological schemes) were obtained. The results of studying the dependence of mechanical properties,
corrosion and radiation resistances of hafnium rods on their structure are presented and reviewed in the
dissertation. As observed, the rods in a fully recrystallized state with a fine-grained structure possess optimal
mechanical properties (high strength and ductility). Tensile strength of these rods at room temperature is ~575
MPa, percentage elongation is 27...28%. Autoclave corrosion tests and anode polarization curves revealed that
oxide films formed on hafnium samples in a fully recrystallized state are the most protective, which is due to the
low surface activity at the medium-metal interface. The corrosion rate of such hafnium rods in the initial period of
oxidation (before the pre-transition period) is well described by the empirical power equation with the power
coefficient 0.242+0.015. After the transition point (~6000 h), the corrosion kinetics is described by a linear
dependence with the oxidation rate 3.12¢10-4 + 2.0710-5 mg/(dm2¢h). The results obtained in the dissertation
showed that the corrosion resistance of hafnium rods, with a recrystallized structure, is higher in comparison with
other promising neutron-absorbing materials - dysprosium hafnate and iodine hafnium, as well as other structural
materials that are widely used in the core of VVER-1000 reactors, such as Zr-1%Nb, 06Kh18N10T and 08Kh18N10T,
which allows its use in the reactor core without a protective cladding. As shown, there is a correlation between the
radiation growth of hafnium rods and their texture coefficient (Kearns parameter) according to the results of
radiation tests carried out at the JSC “SSC RIAR” (RF), and structural-textural studies of the same samples of
hafnium rods in various structural states, performed in this work. The results presented in this paper, revealed that
the coefficient of radiation growth linearly decreases with an increase in the Kearns parameter to a value of 0.33.
While Kearns parameters were similar, the hafnium rods with a coarse-grained structure showed a higher rate of
radiation growth. The deformation of the radiation growth of rods with a recrystallized structure, the Kearns
parameter of ~0.1, and an average grain size of less than 20 pm is almost equals to zero when the rods are
irradiated at a temperature of 260...300 °C up to a fast neutron fluence of 7.8-1021 cm-2. According to the results of
the studies, it is shown that the combination of deformation with the processes that occur during annealing,
allows to obtain hafnium products with different structural and textural state, and, accordingly, with various
structurally sensitive properties. From the generalized results presented in this work, it follows that non-textured
(FL = ~0.33) samples of hafnium rods with a fine-grained (up to 20 pm) recrystallized structure have the most
optimal combination of mechanical and corrosion characteristics during out-of-pile testing, and are also
characterized by high dimensional stability under irradiation. The obtained complex results of calculation,
physical, experimental researches and tests allow to create in hafnium products, at the set parameters of
thermomechanical processing, a structural-phase condition with adjustable characteristics of radiation and



corrosion resistance and necessary indicators of life service of products as a part of control and protection system
elements that work in the conditions of VVER type reactors.
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