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1. CTBOp€HHS HOBUX KOHCTPYKLiTHMX apPMOBAaHUX MaTepiajiB Ha OCHOBI TUTaHy Ta MOTO CILJIABIiB 3 MiIBULEHNMU
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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, K KOHCTPYKLUIMHUI MaTepiasa BOJIoie YHIKaJIbHUMU Pi3NKO-MeXaHI{UHNMHU BJIaCTUBOCTIMU. OfHAK AJis
301/IbLIIEHHS MOT0 eKCIIyaTallilHUX XapaKTEePUCTUK TUTAHOBI CIIJIaBU JIETYIOThCS Pi3HUMU €JIeMEHTaMH, Y TOMY
yucsi bopom, sSIKui1 yTBOPIO€ TUTAHOMATPUYHI KOMIIO3UTH [1py 1jbOMY HalKpaow $as3omn 11 3MilHEeHHS
TUTAaHOBUX CIIJIABIB i THTAHOMATPUYHUX KOMIIO3UTIB BBa’KA€ThCSI MOHOOOPU], TUTAHY, SIKUM 3HAXOAUTHCS Y
TepMOJVHaMi4yHil piBHOBa3i 3 pa3010 Ha OCHOBI TUTaHY, B SIKill pO3YMHHICTb 60PY Masla. MeTo[ NIJIaBUIIbHO]
METaJlyprii BUKOPUCTOBYETLCS PifiKO, ajl€ BiH LiKaBUH THUM, 1O JO3BOJIsIE OTPUMATU BUCOKOE(EKTUBHIUUCTI
MaTepiany TpaguLiMHUMUY i TOMY He HaJTO 3aTPaTHUM CIIOCOOOM. [IJ1s MigBUIIEHHS XapaKTEPUCTUK MILIHOCTI JINTHUX
KOMITO3UTIB CJIif [TI0€JHATY 3MillHEHHHS 32 PaXyHOK TBEPZOro 60pUy 3 TBEPIOPO3UNHHUM 3MilJHEHHSIM TUTAHOBOI
Martpuli. 3 MeTOoIo MifBUIIeHHS (Pi3NKO-MexaHiuYHuX BiaacTuBocTeil ciapy Ti-TiB 6ys10 po3po6eHO TEXHOJIOTIUHY
CXEMY OTPMMAaHHS CIIPSIMOBAHO-3aKPUCTali30BaHOro ciiaBy Mmetogom EIIIN ta B3I1. Buxonguu i3 miarpamu crany
Ti-B, 6ys10 B3STO BUXigHI MaTepianu B KiNIbKOCTSX, SKi BifITIOBiIalOTh €BTEKTUYHOMY cKiany: 94,7 % Tii 5,3 % TiB2.
MeTonoM MiKpOpEHTI€HOCIIEKTPaJIbHOTO aHali3y BCTAaHOBJIEHO, 110 XIMIYHUI CKJIa[, BKJIIOYEHb BUTSATHYTOI OisbII
TEMHOI 332 KOJIbOpOoM a3y BiNOBiZlae €KBIMOJISIPHOMY CIiBBiJHOLIEHHIO, 1110 MiTBEPKye IIOBHE NPOTIKaHHS
peaxuii B3aemogii Ti 3 TiB2 i yrBopenHIo TiB. MiKpoCTpyKTypa CIIJIaBy B IIJIOIIKHI IONIEPEYHOTO i MIOB30BKHLOTO
[IepeTrHY IIpencTaBisie coboo MatpuLio i3 Ti 3 BkmoyeHHIMHU aubopuanoi ¢pasu. JosxnHa gubopunHoi pasu B
IIOB3JIOBXXHbOMY HaNpsiMKy B 50-100 pasiB nepesulllye NPOTSDKHICTD a3y 60puAy B [IONIEPEYHOMY IIEPETUHI
3/7IUBKY. BCTaHOBJIEHO, 10 MIKPOCTPYKTYpa LIEHTPaJIbHOI YACTUHU 3/IMBKY XapaKT€pU3YeThCs 3HAYHO OLIbIIMMU 32
pO3MipaMy BKJIIOYEHHSIMU 60puaHOi (a3, K B IOB3OBKHBOMY TaK i B [IOIIEPEYHOMY II€PETHHAX. 32 JOTIOMOTOI0
KisibKicHOI MeTasiorpadii moka3aHo SIK 3MiHIOEThCS KiJIbKiCTh OOPUAHUX BKIIIOUEHb, 110 TIJI0IKHI, Ha 100 MKM2.
BcTaHOBIIEHO, IO KiIbKICTh BKJIIOYEHb 60PUAHOI (a3u 30i/bIIyeThCS Bifl LIEHTPY [0 Kpalo BiJJIMBKA. BCTaHOBJIEHO,
IO B [JIOLMHI IOB3[,0BXXHBOTO IEPETUHY KPUCTAITY 3i 301/IbIIEHHSIM IIBUIKOCTI KPUCTAi3aljii KiJIbKiCTh BOJIOKOH
3MEHIIYETHCS, a IX po3Mip 36inblIyeThCs. Y [EeHTPasIbHIN Ke 4aCTUHI PO3Mip BKIIOUYE€Hb 3aKOHOMIPHO 3MEHIIYETHCS,
a iX KiJIbKiCTb 301/IbIIYETHCS, 1110 MOXKE OYTU I1OB’S13aHO 3 OiJIbIll IHTEHCUBHUM II€pEMIlllyBaHHSIM PO3IJIaBy B TOHKOMY
IIPOLIAPKY 3@ PaXyHOK iHAYKUIiMHOro HarpiBaHHs. [1j1s1 3HaYHOro 361/IbLIEHHS] TEMIIEPATYPHOrO TpajiieHTa Ha (PPOHTI
KpucTaizauii, iasLi niggasaiy IACTYHY TOBLUIMHO 2 MM i3 CIIPSIMOBAHO 3aKPUCTAJII30BAHOIO 3 PO3ILIABY Ta
IIPOKATaHOT'O KPUCTAJIy €BTEKTUYHOTO CIIJIaBy Ta IPOBOAMIIN HarpiBaHH4 Nydkom 200 MKM B fiametpi. Take
IIepeIIaBleHHs JO3BOJINIIO 301/IBIIATH TEMIIEPATYPHUI IPaflieHT MPUOJIU3HO 2 Pa3U B IIOPiBHSIHHI 3 30HHOIO
IHIYKUIAHOIO I171aBKOIO. BCTaHOBIIEHO, 1110 iHTerpajgbHa MIKPOTBEPAICTh KOMITO3UTY Ti-TiB pakTU4YHO HE 3aJIEXKUTh
Bif, po3Mipy O0PUIHUX BKJIIOUYEHb, a IEPEBAXKHO BU3HAYAETHCS IX 00’€MHOIO 10JIEI0 B KPUCTAJIi KOMIIO3UTY Ta
HaBaHTaXE€HHSM Ha iHJeHTOP. BcTaHOB/IEHO, 110 3 MiJBUILIEHHSIM MBUAKOCTI Ae(OpMYyBaHHS IIPU OJHAKOBUX
CTPYKTYPHO-TEOMETPUYHUX XaPAaKTEPUCTUKAX KOMIIO3UTY BEJIMUMHA MILJHOCTI 3pocTae. Jliarpama «Halpy>KeHHsI-
nedopmMalisi» IpaKTUYHO MA€ OJHAKOBUI BUIJIAL, i CIIOCTEPIraeTbCsl YOTUPU XapaKTEPHi OiNSHKU. 3 METOI0
BA3HAYEHHS MEXaHIYHUX XapaKTEPUCTHUK CIUIABY, Y IKOMY BOJIOKHA OPi€HTOBAHI IEPEBAXXHO B OJHOMY HAIPSIMKY,
3aroToBKy, oTpumany metogom EINII, ninpasanyu npokatyBaHHI0. MiKpOCTPYKTypa CIIJIaBy 3a/IUIIA€THCS
BOJIOKHUCTOIO, TiJIbKY Ha BiIMiHY BiJl 3aKPUCTai30BaHOT0, Y IKOMY BOJIOKHA PO3TalllOBYIOTHCSI XaOTUYHO, Mif, Yyac
IIPOKaTyBaHHS BOJIOKHA NIOBEPTAIOTHCS EPEBAKHO B HAIIPSIMKY [IPOKATyBaHHS. BCTaHOBIIEHO, 1[0 MAKCUMAJIbHI
3HayeHHs MilfHocTi Ha 150-200 MIla Buiii B MOpiBHSIHHI 3 HENMPOKAaTaHUMU 3 HalbibI APiOHUMY 6OPUIHUMUA
BKJIFOYEHHSIMU. [1if yac BUTpOOYBAaHHS HA MIlIHICTh MaKCHMaJIbHE 3HAYEHHS MIIJHOCTI 36i/bl1yeThCs B 2 i Oinble
pasiB y IOPiBHAHHI 3 YUCTUM HEApMOBAaHUM TUTAHOM i focarae 840-910 MIla. BcTaHOB/IEHO BILIUB [IPUPOIU
MaTpuyHoi ¢asu Ta MBUAKOCTI KpUCTasizallii Ha po3Mipy Ta KiJIbKiCTh BOJIOKOH IIifi 4ac 3aTBEPAiHHS pPO3ILJIaBy

KBa3ibiHapHOTro eBTeKTUYHOro cmany Ti-TiB. [JocimKyBannucs KpUCTalIu CIIPSIMOBAHO 3aKPUCTali30BaHi B yMOBax



6e3TUresIbHOI 30HHOI MJIAaBKY 31 IIBUJIKICTIO 0X0JI0mKeHHs 1030 /¢ Ta NOPOLIKY BilLIMHTPOBO-PO3INJIEH], IBUAKICTD
OXOJIOIKEHHS PO3IJIaBy IIPU OTPUMaHHI sIKUxX ckiagana 1050 /c. ITo cyTi, y PpisnyHOMY eKcliepuMeHTi 110
POBIMJIEHHIO PO3ILJIaBiB €BTeKTUYHUX cI1aBiB LaB6-TiB2 ta Ti-TiB peasnizyeTbcsl OMLiOHICTb IPOLIECIB
TerIonepenadi Bif LEeHTPY Kparwli A0 ii IOBEpXHi, 0 Jae€ 3MOT'y BCTAHOBUTU NE€PEBAKHUM BILJIUB IIPUPOIU
MaTpuyHoi (pasu Ha npolecy KpUucTaisalii. AHasi3 MIKPOCTPYKTYPU MOPOILIKIB, OTPUMAHNX METOJIOM
BiILIEHTPOBOI'O PO3IMJIEHHS [10Ka3aB, 110 CTPYKTYpa sIBJIsl€ COOO0I0 Cipy MaTpHULIO, Ta 1IiJIbHO PO3TAIlIOBaHi 110
BCbOMY 00’'€My ITOPOLIKY 3HAYHO OiJIbIll AUCIIEPCHI, B IOPIiBHSHHI 3 CIPSIMOBAaHO-3aKPUCTaJi30BAaHUM CIIJIAaBOM Ta

Xa0TUYHO OPi€HTOBaHI BKJIIOUEHHS TEMHO- Ta CBIiTJI0-CipOro KOJIbOPY.

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 pm 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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