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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

Po3pobka (pisnyHuX OCHOB TpUBasoi MiljHOCTI Mogu@ikoBanux ciasis 3 'Y cTpykTyporo

Ha3sBa po6oTH aHIJIilICbKOIO:

Development of long-term strength physical fundamentals for HCP modified alloys

PedepaT ykpaiHCbKOIO:

O6'eKT DOCIIKEHHS - BIVIUB MOV (iKyBaHHS i HAHO()A3HOTO 3MIiIJTHEHHS YaCTUHKaMu ZrO2 Ha KOPOTKOYacCHi Ta
TpuBasi Qiznko-MexaHiuHi BJaCTUBOCTI LMPKOHIEBUX CIJIaBiB MeTa po6oTtu - nocuinutu GpisndHy npupony
MiKkporacTUu4YHoi nedopmaliii, BCTAHOBUTHY HaMbiIbII HMOBIpHI AMCJIOKAIiliHI MexaHi3Mu, 110 BifMIOBiNAJbHI 32
raJibMyBaHHS AUCJIOKALill B IIMPOKOMY Aiana3oHi napametpis (T, s, t) i 3 nux no3utiii po3poobutu PpisnyHi 0CHOBU
TPHUBAJIO] MilTHOCTi HAHOMOMpiKoBaHUX crasiB 3 'Y cTpyKTypolo. MeTonu NOCiIKEeHHS -
PEHTI€HOCTPYKTYPHUI aHaJIi3, IPOCBiUyI0Ya eJIeKTPOHHA MIKPOCKOIIis, peHTreHiBCchbKa OTOeIeKTPOHHA
CIIEKTPOCKOIIisl, NOCIiIPKEHHSI TBEPAOCTI, CTaHJIapTHI BUIIPOOYBAaHHS Ha PO3TSIT, I0B3Y4iCTh, peJlaKkcalliio
HaIpy>KeHb. 3alIpONIOHOBAHO METOJ, BBEJIEHHS HAHOYACTOK ZrO2 po3MipoM MeHIIe 5 HM B PO3IJIaB METaiYHOTO
crnaBy cuctemu Zr-Nb-Sn. Beezeni B ciiaBu cuctemu Zr-Nb-Sn nanovactku (1,2 mac. %) 06yMOBIIIOIOTh
IOOATKOBUH OIip MOB3YYOCTi Ta MiBUILIYIOTh HOr0 MEXY MIIIHOCTI Ta MeXy IIMHHOCTI ITpu 400 °C He MeHIIe HiK
Ha 50%. [1pu LIbOMY IBUJIKICTb YCTaJIEHOI TOB3Y4OCTi 3MeHIIyeThcs B 2 - 3 pasu. [To6ymoBaHi Aiarpamu oropy
IIOB3y4YOCTi JOCIiI)KEHUX UVPKOHIEBUX CILJIABIB Ta, HA Liill OCHOBI, BIIEpIIe BU3HAYEHO BILUIMB KOHLEHTpPALii aTOMiB
Sn Ta HaHouacToK ZrO2 Ha 3MiHy onopy nosay4ocTi ipu 400 °C. BcTaHoBIeHO, 1O B CIIJIaBax cuctemu Zr-Nb-Sn
npolec HaHO(a3HOTO 3MilJHEHHSI KOHTPOJIIOETHCSI HE aTEPMIYHUM MeXaHi3MoMm OpOBaHa, a TEPMiYHO aKTMBOBAaHUM
IUCIOKALiHUM MeXaHi3MoM. Po3paxyHKy Ha MIiLIHICTb CI/IaBiB cucteM Zr-Nb-Sn i Zr-Nb-Sn-ZrO2 Bka3yoTs Ha
aKTUBAllil0 TEPMIYHO aKTHBOBAHOI'O AMCJIOKALITHOrO MeXaHi3My 60KOBOr0 00X04y HAHOYACTHHOK, 1110
Y3roJIKyE€ThCA 3 KOHLENIi€10 ApTa-YiNKiHCOHA, SIKa [10B's13y€e HAIIPYTy rajJIbMyBaHHS AUCJIOKALil 3 BipUBOM
IVCJIOKALLil, O IIEPEIOB3al0Th, BiJl I10J1 IIPYKHUX HANPY>XeHb Ha MixK(a3Hill noBepxHi. Pesynbratu poboTu
MOXYTb OYTM BUKOPUCTaHi [IpX PO3pOOLi HOBUX LIMPKOHIE€BUX CILJIABIB [JIs1 TBEJIIB, y TOMY YMCJIi i MOAM(IKOBAHUX

HAaHOPO3MipHMMU YacTKaMu ZrO2, 3 6isbll BUCOKUM TEPMiYHUM OIIOPOM IIpU TemnepaTtypax 450 - 500 °C.

Pedepar aHr1ilicbKOIO:

The object of study - the effect of modifying and nano-phase strengthening of the ZrO2 nanoparticles in the short-
term and long-term physical and mechanical properties of zirconium alloys. The aim is to study the physical
nature of microplastic deformation and to establish the most probable dislocation mechanisms responsible for the
inhibition of dislocations in a wide range of parameters (T, s, t), and on this base to develop the physical
fundamentals of long-term strength of the nano-strengthening alloy with HCP structure. Research methods - X-
ray diffraction, transmission electron microscopy, X-ray photoelectron spectroscopy, the study of hardness,
standard tensile testing, creep, stress relaxation technique. A method of introducing ZrO2 nanoparticles being
smaller than 5 nm in molten metal alloy systems Zr-Nb-Sn was proposed. Addition of nanoparticles (1.2 wt. %) in
the Zr-Nb-Sn alloys causes additional creep resistance as well as increase of the tensile strength and yield
strength at 400 °C not less than 50%. The steady creep rate is reduced by 2 - 3 times. Effect of the concentration
Sn atoms and ZrO2 particles on change creep resistance at 400 °C was determined for the first time using
resistance diagrams of zirconium alloys. It was found that nanophase strengthening of Zr-Nb-Sn alloys is
controlled by thermally activated dislocation mechanism rather than athermal Orovan mechanism. Theoretical
calculations of the strength for Zr-Nb-Sn, and Zr-Nb-Sn-ZrO2 alloy systems indicate the activation of the
thermally activated mechanism of the dislocation by-pass nanoparticles and are consistent with the Art-Wilkinson
concept connecting the braking-out of climbing dislocations from the elastic stress field at the interfaces. The
results can be used to develop new zirconium alloy fuel element with a higher heat resistance at temperatures of



450 - 500 °C.
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Omnuc HTII: 3anponoHoBaHo MeTo BBEIEHHS HAHOYACTOK ZrO2 pO3MipOM MEHIIE 5 HM B PO3IUIAB METAJIIYHOTO
ciaBy cucremu Zr-Nb-Sn. [To6yzoBasi fiarpamu ornopy NoB3y4yoCTi JOCTiIKEHUX LIMPKOHIEBUX CIIJIAaBiB Ta, Ha L1ii
OCHOBI, BIIEpIIe BU3HAYEHO BILJIMB KOHLEHTpPALlii aTOMIB Sn Ta HaHO4YacTOK ZrO2 Ha 3MiHYy OIIOPY [IOB3y4YOCTi IPU
400 °C. BcraHoBz€HO, 11O B cIIyIaBax cucTemu Zr-Nb-Sn nponec HaHO()a3HOTO 3MillHEHHS KOHTPOJIIOETLCS HE
aTepMivyHMM MeXaHi3MOM OpOBaHa, a TEPMIYHO aKTUBOBAHUM JUCJIOKALiHUM MexaHi3MOoM. Po3paxyHKku Ha
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