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2. Creation of new structural reinforced materials based on titanium and its alloys with high physical and
mechanical properties

Pedepar:

1. TuTaH, 9K KOHCTPYKUiHUI MaTepiaj BOJIOMi€ YHIKaJIbHUMU (Pi3UKO-MEXaHIiYHUMHU BJIACTUBOCTIMU. OfHAK AJ14
361/IbIIE€HHS IOTO eKCILTyaTaliiHUX XapaKTePUCTUK TUTAHOBI CIJIABU JIETYIOTbCS PI3HUMU €JIEMEHTAMU, Y TOMY
yucsi Bopowm, sSiKuil yTBOpIO€ TUTAHOMATPUYHI KOMIIO3UTH [1py 1jpboMy HaliKpaiiow ¢as3omo 11t 3MilHEeHHS
TUTAHOBUX CIIJIABiB i TUTAHOMATPUYHUX KOMIIO3UTIiB BBAKA€ThCSI MOHOOOPH], TUTAHY, SIKUM 3HAXOOUTHCS ¥
TE€pPMOJMHAMIYHIl piBHOBa3i 3 (pa3010 Ha OCHOBI TUTaHY, B SKiil PO3UMHHICTb 60PY Masia. MeTo, 1aBUJIbHOI
MeTaJlyprii BUKOPHUCTOBYETHCS Pifiko, ajie BiH LiKaBUM THUM, L0 JO3BOJISIE OTPUMATU BUCOKOE(EKTUBHIYUCTI
Marepiany TPaAULIIHUMU i TOMY HE HaiTO 3aTPaTHUM CIIOCOOOM. [I71s1 MiJIBUIIEHHS XapaKTePUCTUK MIIJTHOCTI JIMTUX
KOMIIO3UTIB CJIif IO€JHATY 3MiLIHEHHHSI 32 PaXyHOK TBEPZ0ro 60pUy 3 TBEPIOPO3UMHHUM 3MilJHEHHSIM TUTAHOBOI
MaTpuli. 3 MeTOO NifBuIleHHS (Pi3UKO-MeXaHiYHUX BiacTuBoCTel cnasy Ti-TiB 6yn10 po3po671€HO TEXHOIOTIUHY
CXEMY OTPHUMAaHHS CIIPSIMOBAHO-3aKpUCTaNli30BaHOro craBy metonom EINI ta B3I1. Buxopasyu i3 miarpaMu CTaHy
Ti-B, 6y710 B34TO BUXiJHI MaTepiasu B KiJIbKOCTSIX, SIKi BiITIOBiAI0Th €BTEKTUYHOMY ckyany: 94,7 % Tii 5,3 % TiB2.
MeTo oM MIKPOPEHTI€HOCIIEKTPAJIbLHOTO aHali3y BCTAHOBJIEHO, IO XiMiUHUI CKJIaJ BKJIIOUE€Hb BUTATHYTOI OibII
TEMHOI 3a KOJIbopoM a3y BiAIoOBiziae €eKBIMOJISIPHOMY CIIiBBiIHOLIEHHIO, 1110 MiITBEPKy€E IIOBHE IPOTIKAaHHS
peaxuii B3aemogii Ti 3 TiB2 i yrBopenH!o TiB. MiKpoCTpyKTypa CIJIaBy B IIJIOIIMUHI IOTIEPEYHOTO i IOB3JOBKHBOTO
[IepeTUHY NIPEACTaBsge cob0to Matpuiio i3 Ti 3 BKIIOYEeHHSIMU Tu60opuIHOI ¢pa3u. JlokruHa nubopuaHoi ¢pasu B
IIOB3I0BXXHbOMY HaNpsMKY B 50-100 pasis nepesuiiye NpoTsKHICTb (a3u 60puay B IONEPEYHOMY IIEPETHUHI
3JIUBKY. BCTaHOBJIEHO, 110 MiKPOCTPYKTYPa LIEHTPAJIbHOI YaCTHMHU 3JIMBKY XapaKT€PU3YEThCS 3HAUYHO OiJIbIIMMU 3a
PpO3MipaMy BKJIIOYEHHSIMU 60pUAHOI (asy, sIK B IOB3OBXXHbOMY TaK i B [IOIIEPEYHOMY II€PETHHAX. 3a JOIIOMOTOI0
KisibKicHOI MeTasnorpadii 1oKa3aHo SIK 3MiHIOETbCS KiJIbKiCTh 6OPUAHUX BKIIIOUEHb, 10 MJI0LKHI, Ha 100 MKM2.
BcTaHoBII€HO, 110 KibKICTh BKIIIOYEHb 60pUAHOI (pa3u 36i/bIIyeThCS Bifl EHTPY [0 Kpalo BiJJIuBKA. BCTaHOB/IEHO,
10 B [JIOLMHI II0B3[,0BXKHBOTO [IEPETUHY KPUCTAJTY 3i 301/IbII€HHSIM IBUIKOCTI KPUCTAi3alii KijbKiCTh BOJIOKOH
3MEHIIYETHCS, A IX pO3Mip 361/1b1IyeThCS. Y LEHTPaJbHIN K€ YaCTUHI PO3Mip BKIIOUYE€Hb 3aKOHOMIPDHO 3MEHIIYEThCS,
a X KiJIbKiCTb 36i7IbLIYETHCS, 0 MOKE OYTH IOB'SI3aHO 3 OiJIbIll iIHTEHCMBHUM IEPEMILTyBaHHSIM PO3IIJIaBy B TOHKOMY
IIPOLIAPKY 32 PaXyHOK iHAYKILiliHOro HarpiBaHHs. [1j1s1 3HaYHOro 361/1bLIeHHS TEMIIEPATyPHOro rpajiieHTa Ha PPOHTI
KpucTasnisauii, asLi migmasany 1IaCTUHY TOBIIMHO 2 MM 13 CIIPSAMOBAHO 3aKPUCTAi30BaHOIO 3 PO3ILIABY Ta
[IPOKAaTaHOT'O KPUCTAly €BTEKTUYHOTO CILJIaBy Ta IIPOBOLMIIN HarpiBaHHA ydkom 200 MKM B giametpi. Take
IeperiaBieHHs JO3BOJINIIO 301/IbIINTY TEMIIEPATYPHUN IPaflieHT MPUOJIU3HO 2 Pa3y B IIOPiBHSIHHI 3 30HHOIO
IHIYKUiAHOIO IJIaBKO0. BCTaHOBIIEHO, 110 iHTErpajgbHa MIKPOTBEPAICTb KOMITO3UTY Ti-TiB MPpakTUYHO HE 3aJIEXKUTD
BiZl po3Mipy 60pUHUX BKJIIOYEHD, a IEPEBAKHO BUBHAYAETHCS iX 06'€MHOIO [10J1€10 B KPUCTAJIi KOMIIO3UTY Ta
HABaHTAKEHHSM Ha iHIEeHTOp. BCTaHOBIIEHO, IO 3 MiABULIEHHSIM MBUAKOCTI Je(OPMYBaHHS IIPU OJHAKOBUX
CTPYKTYPHO-TEOMETPUYHUX XapAaKTEPUCTUKAX KOMITO3UTY BEJIMYMHA MILJHOCTI 3pocTae. Jliarpama «Harpy>KeHHsI-
nedopmalis» IpakKTUYHO Mae OJHAKOBUI BUTJIS], i CIIOCTEPIraeTbCsi YOTUPU XapaKTEPHI OiISIHKU. 3 METOI0
BM3HAYEHHSI MEXAHIYHMX XapaKTePUCTUK CIUIABY, Y IKOMY BOJIOKHA OPi€HTOBAHi [1€PEBAXKHO B OHOMY HAIPSIMKY,
3aroToBKy, oTpuMany metogom EINI1, migmaBany npokatyBaHHIO. MiKpOCTPYKTypa CIIJIaBy 3aJIALIAETHCS
BOJIOKHUMCTOIO, TiJIbKY Ha BiIMiHY BiJ] 32aKpHCTaIi30BaHOr0, ¥ SKOMY BOJIOKHA PO3TAIIOBYIOTLCS XaOTUYHO, ITif] Yac
ITPOKATyBaHHS BOJIOKHA II0BEPTAIOTLCSI IEPEBAKHO B HAIIPSIMKY NIPOKATyBaHHS. BCTaHOBIIEHO, 0 MAaKCUMAJIbHi
3HaueHHs MinHocTi Ha 150-200 MIla B B NOPiBHSHHI 3 HEMPOKATaHMMU 3 HAW61/IbII IPi6HUMU 60PUIHUMUI
BKJIOYEHHsIMU. [1if yac BUIpo6yBaHHS Ha MIlJHICTh MaKCHMaJlbHe 3Ha4eHHs MIlJHOCTi 30i/bl1yeThCs B 2 i Oinbile
pasiB y IOPiBHSAHHI 3 YMCTUM HEAPMOBAaHUM TUTAHOM i focsrae 840-910 MIla. BcTaHOBJIEHO BILJIUB [IPUPOIU
MaTpuyHoOi (pasu Ta WBUAKOCTI KpUcTamisalii Ha po3mipu Ta KiZbKiCTb BOJIOKOH IIifl 4ac 3aTBEPHiHHS PO3ILIABY
KBa3ibiHapHOTo eBTeKTU4YHOro criasy Ti-TiB. [JocimKyBanucs KpUCTauy CIIpSIMOBAaHO 3aKPUCTAJIi30BaHi B yMOBax
6e3TuresbHOI 30HHO] MJIaBKU 3i MBUAKICTIO 0x0a0/1keHHs 1030 /¢ Ta MOPOIIKY BiILIMHTPOBO-PO3MNUJIEH], MBUAKICTDb
OXOJIOIPKEHHS PO3IJIaBy IIPY OTPUMAaHHI SIKUX ckiagana 1050 /c. ITo cyTi, y ¢pisnyHOMY €KCIIEPUMEHTI 110

PO3NMJIEHHIO PO3IIABiB €BTEKTUYHUX CIIaBiB LaB6-TiB2 Ta Ti-TiB peanisyeTbcs noni6HiCTh npoueciB



TEIIoNEepeayi Bill HEeHTPY Kparuli 4o ii MOBEpxHi, 0 [a€e 3MOr'y BCTAHOBUTU IIEPEBAKHUN BILJIUB [IPUPOIU
MatpuyHoi a3y Ha IpolecH KpUcTamisalii. AHasi3 MiKpOCTPYKTYPH IIOPOLIKIB, OTPUMAHUX METOZOM
BiZILIEHTPOBOI'O PO3MMJIEHHS [10Ka3aB, 110 CTPYKTYpa sIBJIsie COOO0I0 Cipy MaTpHULIO, Ta IIiJIbHO PO3TAIlIOBaHi 110
BCbOMY 00'€MY IIOPOLIKY 3HAYHO GiJbLI JUCIIEPCHI, B MOPIBHSHHI 3 CIIPSIMOBAHO-3aKPHCTAli30BAaHMM CIJIABOM Ta

XAOTMYHO OPI€HTOBAHI BKJIIOYEHHS TEMHO- Ta CBITJIO-CIPOro KOJILOPY.

2. Titanium as a structural material has unique physical and mechanical properties. However, to increase its
performance, titanium alloys are alloyed with various elements, including boron, which forms titanium-matrix
composites. The method of melting metallurgy is rarely used, but it is interesting because it allows you to get high-
performance materials in the traditional and therefore not too expensive way. To increase the strength
characteristics of cast composites, hard boride hardening should be combined with solid-soluble titanium matrix
hardening. In order to improve the physical and mechanical properties of the Ti-TiB alloy, a technological scheme
for obtaining a directional-crystallized alloy by the method of EPP and BZP was developed. Based on the Ti-B state
diagram, the starting materials were taken in quantities corresponding to the eutectic composition: 94.7% Ti and
5.3% TiB2. The method of micro-X-ray spectral analysis showed that the chemical composition of the inclusions of
the extracted darker phase corresponds to the equimolar ratio, which confirms the full course of the reaction of
the interaction of Ti with TiB2 and the formation of TiB. The microstructure of the alloy in the plane of the
transverse and longitudinal section is a matrix of Ti with inclusions of diboride phase. The length of the diboride
phase in the longitudinal direction is 50-100 times longer than the length of the boride phase in the cross section
of the ingot. It is established that the microstructure of the central part of the ingot is characterized by much
larger inclusions of the boride phase, both in longitudinal and transverse sections. Quantitative metallography
shows how the number of boride inclusions changes in the plane per 100 um2. It is established that the number of
boride phase inclusions increases from the center to the edge of the casting. It is established that in the plane of
longitudinal section of the crystal with increasing crystallization rate the number of fibers decreases and their size
increases. In the central part, the size of the inclusions naturally decreases, and their number increases, which may
be due to more intensive mixing of the melt in a thin layer due to induction heating. To significantly increase the
temperature gradient at the crystallization front, the fins were subjected to a 2 mm thick plate of directionally
crystallized from the melt and rolled crystal eutectic alloy and heated with a beam 200 um in diameter. This
remelting allowed to increase the temperature gradient by about 2 times compared to the zone induction melting.
It was found that the integral microhardness of Ti-TiB composite practically does not depend on the size of boride
inclusions, but is mainly determined by their volume fraction in the composite crystal and the load on the
indenter. It is established that with increasing deformation rate with the same structural and geometrical
characteristics of the composite, the strength increases. The stress-strain diagram has almost the same
appearance and there are four characteristic areas. In order to determine the mechanical characteristics of the
alloy, in which the fibers are oriented mainly in one direction, the workpiece obtained by the EPP method was
subjected to rolling. The microstructure of the alloy remains fibrous, only in contrast to the crystallized, in which
the fibers are arranged chaotically, during rolling the fibers are rotated mainly in the rolling direction. It is
established that the maximum strength values are 150-200 MPa higher in comparison with the unrolled ones with
the smallest boride inclusions. During the strength test, the maximum value of strength increases by 2 times or
more compared to pure non-reinforced titanium and reaches 840-910 MPa. The influence of the nature of the
matrix phase and the rate of crystallization on the size and number of fibers during solidification of the melt of the
quasi-binary eutectic alloy Ti-TiB is established. The investigated crystals were crystallized in the conditions of
crucible-free zone melting with a cooling rate of 103 ° / s and centrifugal-spray powders, the cooling rate of the
melt in the production of which was 105 ° / s. In fact, in the physical experiment of spraying melts of eutectic
alloys LaB6-TiB2 and Ti-TiB, the similarity of heat transfer processes from the center of the drop to its surface is
realized, which allows to establish the predominant influence of matrix phase nature on crystallization processes.
Analysis of the microstructure of the powders obtained by centrifugal spraying showed that the structure is a gray
matrix, and densely distributed throughout the volume of the powder is much more dispersed, compared with
directional crystallized alloy and chaotically oriented inclusions of dark and light gray.
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