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1. 3axoHOMIipHOCTI (pa30BUX i CTPYKTYpHUX [1IEPETBOPEHD B CIIJIaBax Ha oCcHOBI cuctemu Ti-Si npu rapTyBaHHi Ta
BiZJITyCKY

2. Regularities of phase and structural transformations in Ti-Si based alloys during quenching and ageing

Pedepar:

1. Y puceprauiiiHiilt poboTi Ipe cTaBieHi pe3ybTaTy eKCIIEPUMEHTAIbHUX JIOCIIiIKEeHb i aHali3y BIUIUBY TEPMiYHO]
00pOoOKH i leryBaHHS Ha (pa30oBUM CKJIAJ, CTPYKTYPY Ta MEXaHiyHi BJIACTUBOCTI CIJIaBiB Ha OCHOBi cuctemu Ti-Si.
[ToxazaHo, o 3arapTyBaHH4 cnaBiB cucreMu Ti-Si-X (ge X - Al, Zr, Nb, Mo) no3Bossie ogepsKaTty MUPOKUNA CIIEKTP
[lepecuYeHNX TBEPAUX PO3UYMHIB 3 PiI3HUM CTPYKTYpHO-(a30BUM CTAHOM i Di3UKO-MeXaHIYHUMH BJIACTUBOCTSIMMU.
BusHaueHO BILIMB JIETYIOUMX €JIEMEHTIB Ha IIapaMeTpy PELLiTOK, KpUCTAJIiUHy CUMETPII0, a TAKOXX MOP(OJIOTiIo 1

CyOCTPYKTYPY TUTAHOBUX MapTEHCUTIB. BusBI€HO cyMmicHe NPOTiKaHHS MPOLECiB BIOPSAIKYBAaHHS 1 3MiHU CUMETPIi



pemwiTku i3 I'TIY B opTopom6iuHy cumeTpito B crinaBax Ti-4Si-4Hf i Ti-4Si-4Zr (aT. %). 3anponoHoBaHa KjacTepHa
MO[IeJIb BIOPAIKyBaHHS. [1I0Ka3aHO CyTTEBE MiBUILEHHS BJIaCTUBOCTEN MILJHOCTI IPYM 3arapTyBaHHi cnsasiB Ti-Si-
X, 0c06JIMBO CILIaBiB, leroBaHux Hf i Zr. BctaHOBJIEHO, 1110 MOJyJIb IIPY>KHOCTI BCiX CIJIaBiB IicJIsl 3arapTyBaHHs
3HIDKY€ETbCS. BU3HaYeHO, 0 XapaKTEPUCTUKY MJIACTUYHOCTI 3arapToBaHux ciuiasiB Ti-Si-X BU3HA4aI0ThCS
CTyIlIeHEM IIEPECUYEHHSI TBEPOr0 PO3YMHY i PO3MIPOM 3€pHa, TOMY /1J1sI 30€pesKeHHSI JOCTAaTHbOI I1JIACTUYHOCT]
IOLiJIbHE rapTyBaHHS i3 1BOdazHoi (?+cuiinu)-o6sacTi. [y BU3HAUeHHS BIJIMBY IIBUIKOCTI OXOJIOKEHHS I
JIETYBaHHS LIMPKOHIEM Ha CTPYKTYpHO-(A30BUI CTaH i MexaHiuHi Bl1acTUBOCTI ciasiB Ti-Si npoBeneHo ix
NoBepXHeBe 3arapTyBaHHs. [Ioka3aHo, 0 Taka 06poOKa J103BOJISIE OTPUMATH TPAJiEHTHY CTPYKTYPY 3 MEXaHiYHUMU
BJIACTMBOCTSIMY, 10 [1JIABHO 3MiHIOIOTBHCS Bif] 3arapTOBaHOI TOBEPXHI BIJIMO: TBEPHiCTIO, MOTYJIEM MIPYKHOCTI,
3HOCOCTIMKICTIO. [loKa3aHo, 10 UVMPKOHIN iCTOTHO MifBUIILy€e 3arapTOBYBAaHICTh i IPOrapTOBYBaHICTh CILJIABIB
cucremu Ti-Si. [IpoBeneHO aHami3 KopessLii MK TBepIiCTIO, MOAYJIEM IIPY>KHOCTI, BennunHow H3 /E2 (kputepiem
J>KoHCOHA) i 3HOCOCTIHKicTIO crtaBy Ti-4,3Si-2,6Zr, sKuii MoKas3as, 10 HalKpallja KOpeJisLisl CIOCTEPIraeTbCss Mix
3HOCOCTI#KiCTIO i BesmunHoto H3 /E2. [lociykeHo eBOJIOLi0 CTPYKTYPH, (pa30BOro cKIady i MexaHiyHUX
BJIACTMBOCTEM 3arapToBanux ciiasis Ti-Si-X B nmpoueci Binnycky B inTepsaii temnepatyp 500-600 °C. BusnaueHo
ONTHMAJIbHY TEMIIEPATYPY AUCIIEPCIHHOrO TBEPAiHHS 3arapToBaHux ciasiB Ti-Si-X, sika craHoBuTb 540 °C.
Po3paxoBaHa BesiM4YMHa €HEPTii akTUBallii po3nafy NepecuYeHnX TBEPIUX po3unHiB ciasiB Ti-Si-X U=96-120
kJK/Mouib 651M3bKa 10 eHeprii akTuBalii qudysii eseMeHTiB 3aMillleHHs B 6iHapHuUX criaBax Tutany Ti-Nb, Ti-Mo,

Ti-Zr, ane Habarato BUIA HiXX B 3a71i30-BYIJIEL[€BUX CI1JIaBaX.

2. In this thesis the results of experimental researches and analysis of influence of heat treatment and alloying on
phase composition, structure and mechanical properties of Ti-Si system based alloys are presented. It was shown
that water quenching of model alloys of the system Ti -Si-X (where X - Al, Zr, Nb, Mo) allowed to get the wide
spectrum of supersaturated solid solutions with the different structural-phase state and mechanical properties.
Influence of alloying elements on the parameters of crystal lattices, crystalline symmetry and also morphology and
substructure of titanium martensite is detected. The conjoint flowing of processes of ordering and change of
symmetry of lattice from HCP to orthorhombic symmetry is revealed in the alloys Ti-4Si-4Hf and Ti-4Si-4Zr (at.
%). The substantial increase of hardness and strength after quenching of alloys of Ti-Si-X is shown. Also it is
established that the module of elasticity of all alloys goes down after tempering. It was identified that the size of
grain, mainly, determines plastic properties of quenched alloys, that is why in practical aims more expedient to
quench the Ti-Si alloys from dual-phase (?+silicide)-region. For determination of influence of alloying and cooling
rate on the structurally-phase state and mechanical properties of alloys of Ti-Si surface quenching is conducted. It
was shown that such a treatment allowed to get to get a gradient structure with mechanical properties which
fluently change on length of specimen. It is shown that zirconium substantially promotes hardenability and
hardening characteristics of Ti-Si alloys. Correlation analysis was conducted between wearproofness of Ti-4,3Si-
2,6Zr alloy and its hardness, modulus of elasticity and H3 /E2 (Johnson's criteria). It showed that the best
correlation is observed between wearproofness and Johnson's criteria. Structural evolution, phase composition
and mechanical properties of quenched Ti-Si alloys during ageing in temperature region 500-600 °C were
investigated. It was determined that optimal ageing temperature of quenched Ti-Si that is 540 °C. An estimation of
activation energy of supersaturated solid solution decay showed that its value U=96-120 kJ /mol is close to
activation diffusion energy for binary titanium alloys Ti-Nb, Ti-Mo, Ti-Zr, although it much more greater than its
value for iron-carbon alloys.
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