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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

CTBOpEHHSI €JIEKTPOHHO-TIPOMEHEBUX IIPOLIECIB OJIE€P>KaHHSI BUCOKOSIKICHUX TUTAHOBUX BUPOOIB y KEpaMiuHUX

JMBapHUX popmax

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Creation of electron-beam processes for obtaining high quality titanium products in ceramic molds

Pedepar yKpaiHCBKOIO:

B pesynbTaTi BUKOHaHHS POGOTU MTPOBEIEHO NOCiIKeHHS B3aeEMO il KepaMidyHUX (OPM 3 TUTAHOBUMMU CILJIABaMH,
gKe [10Ka3aJo, 10 Ha [NOBEPXHi BUJIMBKIB YTBOPIOETLCS PEAKLIMHNI Iap, TOBIIMHA SIKOTO 3aJIEXKUTh Bif XiMiYHOTO
CKJIaZly CIIJIaBy Ta MarepiasiB Kepamiku. BCTaHOBJIEHO, 10 cepef, TOCIiIKEHNX KepaMiK HalMEHIIO0 B3a€EMOZI€I0 3
TEXHIYHO YMCTUM TUTAHOM XapaKTePU3yIOTbCsl GOPMHU 3 JIULbOBUMH IIAPAMU 3 OKCUAY iTPil0 B MOEAHAHHI 3
00CHIIKOIO 3 OKCU[Y LIMPKOHIIO Ta eJIEKTPOKOPYHIY, [IpY IIbOMY TOBIIMHA peakiiiiHoro mapy ckianae 150-200 MKM.
BiocymicHuii crina Ti-13Zr-13Nb xapakTepusyeTbCsl HU3bKOIO B3a€MOJI€I0 3 KEPAMIKOIO IIOPIBHSHO 3 TEXHIYHO
YMCTUM TUTAaHOM, TOBILIMHA PEAKLIMHOrO0 Mapy Ha 3pa3Kax 3 JaHOTo CIUIaBy ckiagana o 10 mxm. Po3pobyieno
TEXHOJIOTi4Hi IPOL,eC OJepP>KaHHS KepaMiuHUX (POPM 3 HalOiIbIl TEPMOXiMIYHOCTIIKUMU JINLIbOBUMU
MOKPUTTSIMU Ha OCHOBI OKCUZIB iTpil0 Ta HUPKOHi0. PO3po6sieHo Ta BifgmpalbOBaHO TEXHOJIOTIIO O/leP>KaHHS
BUJIVBKIB i3 TUTaHy JIUTTSM B XOJIO[IHi KepaMiuHi (pOpMi B €JIEKTPOHHO-TIPOMEHEBII JIMBapHill yCTaHOBLI.
OnTrMIi30BaHO NapaMeTpy €JIEKTPOHHO-TIPOMEHEBOrO BUILJIABJIEHHS TUTAHOBUX CIUIABIB MELUYHOIO IIPM3HAYEHHS
BT6 ta Ti-13Zr-13Nb, mo nae 3Mory oiep>KyBaTy BUJIMBKU 3 PiBHOMIPHOIO IPi6HO3EpPHUCTOIO CTPYKTYPOIO Ta
BHCOKUM piBHEM MEXaHIYHUX BJIACTUBOCTEN. [I7151 TOHKOCTIHHMX BUJIMBKIB CKJIaIHOI KOHQIrypalii 3aliporioHOBaHO
BUTOTOBJIEHHS Pa30BUX MOJeJIel IPOBOAUTU MeTOIOM 3D npyKy i3 PLA miacTuKy, sIK Hal6i/IbIIl €KOJIOTIYHOTO Ta
HeZopororo Martepiasny. [ly1s 3anob6iraHHs po3TPiCKyBaHHIO KepaMiyHUX GOpM IIPU BUIATIEHH] 3 HUX Pa30BUX
NOJIIMEPHUX MOJEeJIEN PO3PO6IEHO PEXXUMU JBOCTAITHOTO BUMAIIOBAHHS, 110 CKJIAJJA€ThCS 3
Hu3bKoTeMnepaTtypHoro (1o 350 °C) ta BucokoremiepartypHoro (npu 1100 °C) erarmiB. 3 MeTOIO OLIiHKY MO>KJIMBOCTI
OZlep>KaHHS TOHKOCTiHHUX BUPOOIB TPOBEEHO NOCIIIKEHHS JIMBAPHUX BJIACTUBOCTEN TUTAHOBUX cIIaBiB BT1-0,
BT-6 ta Ti-13Zr-13Nb. Po3po6seHo Ta aripob0BaHO ONTHMaJbHY TEXHOJIOTIYHY CXEMY OJlep>KaHHS SIKICHUX TOYHUX

BUJIMBKIB i3 TUTAHOBUX CILJIABiB.

Pedepar aHIJIiHCBKOIO:

As a result of the work, a study of the interaction of ceramic molds with titanium alloys was shown, which showed
that a reaction layer is formed on the surface of castings, the thickness of which depends on the chemical
composition of the alloy and ceramic materials. It was found that among the studied ceramics the least interaction
with technically pure titanium is characterized by molds with face layers of yttrium oxide in combination with a
stucco of zirconium oxide and electrocorundum, with the thickness of the reaction layer is 150-200 um. The
biocompatible alloy Ti-13Zr-13Nb is characterized by low interaction with ceramics compared to technically pure
titanium, the thickness of the reaction layer on the samples of this alloy was up to 10 um. Technological processes
for obtaining ceramic molds with the most thermochemical-resistant face coatings based on yttrium and
zirconium oxides have been developed. The technology of obtaining titanium castings by casting in cold ceramic
molds in an electron-beam foundry has been developed and tested. The parameters of electron beam smelting of
medical titanium alloys VT6 and Ti-13Zr-13Nb have been optimized, which makes it possible to obtain castings
with a uniform fine-grained structure and a high level of mechanical properties. For thin-walled castings of
complex configuration, it is proposed to make disposable models by 3D printing from PLA plastic, as the most
environmentally friendly and inexpensive material. To prevent cracking of ceramic molds when removing one-time
polymer models from them, two-stage firing modes have been developed, consisting of low-temperature (up to
350 ° C) and high-temperature (at 1100 ° C) stages. In order to evaluate the possibility of obtaining thin-walled



products, the casting properties of titanium alloys VT1-0, VT-6 and Ti-13Zr-13Nb were studied. The optimal
technological scheme of obtaining high-quality precision castings from titanium alloys has been developed and
tested.
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zBa HTII yKpaiHCBKOIO: TexHOIOTIYHI POLECH OJ)ePKAHHS AKICHUX TOYHUX BUJIMBKIB i3 TUTAHOBUX

CILJIaBiB 3a €JIEKTPOHHO-TIPOMEHEBOIO JINBAPDHOIO TEXHOJIOTIEI0

Ha3zpa HTII aHri#icbKo0: Technological processes for obtaining high-quality precision castings from

titanium alloys by electron beam casting technology

HTII, sixy nepen6a4asiocsi CTBOPUTH:

IIpuunnn, yepe3s aki HTII He Gysi0 cTBOpeHO:
OTpuMaHi pe3yJIbTaTH: TexHOJIOTi]

FaJIy3b 3aCTOCyBaHHS. MamunHoOyyBaHHS, MEIELMHA
PeecTpaiifiHuii HOMep KapTKH T€XHOJIOT1i:

Omnuc HTII: Texnonoriyui nporecu BKIOYAIOTh BUTIABJIEHHS] TATAHOBUX CIUIABIB 32 OMIOMOrOI0 €JIEKTPOHHOTO
IIPOMEHS B TAPHICAXHOMY TUIJIi 3 €JIEKTPOMArHiTHUM I€PEMIIIyBaHHSIM, BUTOTOBJIEHHS KEpaMidyHUX GOPM 3
JINIIbOBYMMMU MOKPUTTSAMM Ha OCHOBI OKCHUIIB iTPil0 Ta LUPKOHIIO 32 Pa30BUMU IOJIIMEPHUMU MOJEISAMY,
IIBOCTaJliliHEe BUIIAJIIOBAHHS MOJEJIbHMX MaTepiajliB B TEpMiuHill Iledi, 3aJIMBaHHS TUTAHOBUX PO3I1JIaBiB B

€JIEKTPOHHO-TIPOMEHEBI JINBAPHIN yCTaHOBLI].

ConiannbHO-eKOHOMIYHA cripsimoBaHicTh HTII: Cteopenns npuniunoBo HOBOI mpoyKIii (MaTepiasis,

TEXHOJIOTI} TOIIO) 17151 3a6€e3MeYeHHs] €KCIIOPTHOrO MOTEHIialy Ta 3aMillleHHIO iIMIIOPTY
Bnius HTII Ha moBKiJj1s:
BnpoBaaykennss HTII: He snposamxeno
ITpakTnyHa peasnisanis HTII
IToyaTok eramy:
3aKiHYeHHs eTamy:
Crnio>KuBavi NPOAYKILii:
IlepcneKTHBHI PHHKHU:
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