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IIPY BUTOTOBJIEHHI TPYO-000JI0OHOK TBeJI i3 criaBy ZriNb
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Pedepar:

1. Incepralis cupsiMoBaHa Ha pO3pOOKY pecypco36epiratoyoi TeXHOJIOTii BUTOTOBJIEHHS TPyO-000JI0HOK
TEIJIOBUISIIOUNX €JIEMEHTIB (TBEJI) aTOMHHUX PEAKTOPIB i3 HOBOTO CILJIaBY UMPKOHIIO 3 HiobieM ZrINb BiTYM3HSIHOTO
BUPOOHMLTBA. B po6OTi JOCTIIKEHO 0COOINBOCTI CTPYKTYPH 3JIUTKIB i3 CIJIaBiB IUPKOHIIO 3 HIOGiEM €1eKTPOHHO-
IIPOMEHEBOT0, BAKYYMHO-IyTOBOT'O II€PEILIABIB i rapHiCaKHOI IIJIaBKU 3 €JIEKTPOMArHiTHUM II€pEMIllyBaHHAIM
posmiaBy. MeTogom audpakuii €JIeKTPOHIB yCTAaHOBJIEHO, 10 MPOIIAPKX MK IIJIACTUHAMYU LIUPKOHIIO B CILJIaBi
ZrINb npezcTaBisitoTh 06010 Hi06ii1 3 OLIK pemiTkow. 3anponoHOBAaHO CXEMY CTPYKTYPOYTBOPEHHS IPY PO3Nafi

TBEPJIOTO PO3YMHY Hi06iI0 B IMPKOHII B 3/IMTKax i3 criyiaBy ZriNb. YcTaHOBI€HO 32aKOHOMIPHOCTI



CTPYKTYPOYTBOPEHHS 1 (POPMYBaHHS TEXHOJIOTIYHUX BJIACTUBOCTEN B rapsiderpecoBaHUX TPydax i3 CIjaBiB
LIMPKOHIIO 3 HIOGi€M B 3aJI€5KHOCTI Bifl, BUXiZHOI JIMTOI CTPYKTYPH, BMiCTy KUCHIO, Hi06iI0 Ta MapameTpiB rapsiaoro
IIpecyBaHHs1. YCTaHOBJIEHO B3a€MO3B'SI30K MDK CTPYKTYpPOIO, XIMiYHUM CKJIaJ0M (BMiCTOM KUCHIO i Hi00il0), a TaKOX
IIJIACTUYHICTIO i MOMIKOKEHICTIO rapsidenpecoBaHuX TPyO Ta MapaMeTpamu aKycTU4yHoi eMicii (AE). Metomom AE
BCTaHOBJIEHO, 1J0 rapsi4eNpecoBaHi TPyoH i3 CTPYKTYpOI0 MaPTEHCUTHOTO TUITYy MAIOTh Oi/lbll BUCOKUI PiBEHDb
TEXHOJIOTIYHOI IVIACTUYHOCTI y [IOPiBHSIHHI i3 CTPYKTYypoOIo O6eliHiTHOrO Tumy. Po3p0o6sieHO MEeTOAMKY OLiHKY PiBHSI
IIJIaCTUYHOCTI TPYO i3 criasy ZriIND 3a nanumu AE. YTouHEHO [TapaMeTpu NpoL,eCy BUTOTOBJIEHHS TPYy6-000JI0HOK
TBeJ i3 craBy ZriNb Ha cragii rapsyoi nedopmatii, siki 3a6e3neuyoTb GOPMYBaHHS B rapsyenpecoBaHUX TPYOHUX
3aroTOBKax HAMOIIbII BUCOKOTO PiBHSA MJacTUYHOCTI. [IpoBeneHo BUbip cTyneHiB jedopmariii Ha mepmomy
XOJIOIHOMY I1epefii, 0 [103BOJIII0Th HAalOibIll TIOBHO BUKOPUCTOBYBATU PECYPC IJIAaCTUYHOCT] criaBy ZriNb.
B1ockoHanIeHO TEXHOJIOT 0 BUPOOHNULITBA TPYO-000I0HOK TBEJ i3 cIIaBy ZriND msixoM 3MeHIIEeHHS KilIbKOCTi
LMKJIB XOJIOQHOI IPOKATKU 3 II'ATU 10 YOTUPbOX. CTBOPEHO TEXHIUHY JOKYMEHTAIil0 Ha BUPOOHULITBO TPY6-
000JI0HOK TBeJI i3 criaBy ZriNb. 3a BjockoHaI€HOI0 TEXHOJIOTi€10 BUTOTOBJIEHO OCiAHY MapTilo TPy6-006010HOK

TBEJI, 10 32 MOKa3HUKaMM SIKOCTi BifgnoBigaoTs BuMoram TV V 27.4-05757883-206:2008.

2. The thesis objective is development of a resource-saving technology for manufacturing nuclear fuel cladding
tubes of a new zirconium-niobium alloy ZrINb of Ukrainian production. Features of structure formation in ingots
obtained by electron-beam, vacuum-arc and skull-furnace melting with electromagnetic stirring have been
investigated at the manufacturing stage. It has been ascertained by electron diffractions method that the layer
between zirconium platelets in ZrINb alloy is niobium with a body-centered cubic lattice. Scheme of structure
formation during decomposition of solid niobium solution in zirconium in ZriNb alloy ingots has been proposed.
Regularities of structure formation and creation of processing properties in hot-extruded tubes of zirconium-
niobium alloy depending on the initial cast structure, oxygen and niobium content and extrusion temperature-
and-deformation parameters have been established. Schedules of hardening anneal and heat treatment ensuring
formation of highest processing plasticity in hot-extruded tubes have been developed. Interconnection between
structure, chemical composition (oxygen and niobium contents) and plasticity and damageability of hot-extruded
tubes and parameters of acoustic emission (AE) has been established. Using AE method, it has been established
that hot-extruded tubes having martensite structure feature a higher level of processing plasticity in comparison
with the bainite-type structure. A procedure of assessment of plasticity level of ZrINb alloy tubes on the basis of
AE data has been worked out. Parameters of making nuclear fuel cladding tubes of ZrINb alloy at the step of hot
working have been refined. The new parameters ensure formation of the highest plasticity in hot-extruded trex-
tubes. Using AE data, deformation ratios for the first cold cold-rolling cycle have been chosen to ensure a
complete use of ZriNb alloy plasticity resource. The technology of making nuclear fuel cladding tubes of ZrINb
alloy has been corrected to reduce the number of cold-rolling cycles from five to four cycles. An experimental lot
of nuclear fuel cladding tubes has been produced in the plant conditions. The tubes meet requirements of
specification TY Y 27.4-05757883-206:2008.
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