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1. MexaHi3M Ta KiHeTUKa HaBOJHEHHs cIiaBiB Ti-V Ta eBTeKTUYHUX CIIaBiB cucteMu Ti-Zr-Mn

2. Mechanism and kinetics of hydrogenation of the Ti-V alloys and eutectic alloys of the Ti - Zr - Mn system.

Pedepar:
1. ocnimKyouy KiHeTUYHI TapaMeTpy B3aEMOZi TUTaHY Ta CILJIaBiB HA IOTO OCHOBI 3 BOgHEM, OyJi BU3HAUYEHI

MOSKJIMBOCTI MigBUIIIEHHS X COPOLIHOi eMHOCTi. BcTaHOBIEHO TapaMeTpu NomnepesHbol TepMOaKTUBALLii Ta

Ipouecy HaBOOHEHHA TUTAHY 3a AKNX CHOCTepiI‘aEZTbCS[ MaKCHMaJIbHO BMCOKa IJ_[BI/I,U,KiCTb YTBOPE€HHAI ,HI/IFI,U,pI/I,E[y

TUTaHy 3 eMHicTIO H/Ti=2. YTouyHeHo napameTpu B3aeMOJii 3 BOJHEM Ta 3HaY€HHs COPOLIiMHOI €EMHOCTI J14 CIIIaBiB

Ti-V i Bepuie BU3HAUEHO, 110 Y iHTepBaJli KOHIeHTpalill BaHazio 0.25 - 5 Mac.% icHye MOXJINBICTb OTPUMAaHHS
rigpuzis 3 NifgBuIeHo copobuiiiHoo emHicTio (H/Me = 2.18) 3a paxyHOK 3pOCTaHHS KiJIbKOCTi Je(eKTiB

KpUCTaNiYHOi 6y[I0OBYU y pe3yJIbTaTi (pa30BOro NEPETBOPEHHS. BCTaHOBIEHO MeXaHi3M yTBOPeHHs a3y po-TiMn y

noABiHiNi cuctemi Ti-Mn Ta Bu3Ha4eHO xapakTep (a3oBUx piBHOBAr y yacTkosii cucremi Ti-TiMn2-ZrMn2-Zr 3a ii

y4acTIo. 3allpONIOHOBAHO CBill BapiaHT fiarpamu ctaHy cucremu Ti-Mn B o6s1acTi ckiafiiB, 6J1U3bKUX 1O
eKBiaTOMHiX. [106y/10BaHO TIOBEPXHIO COJIiYCY Y TATAHOBOMY KyTi IIOTPiiHOI Jjiarpamu CTaHy Ta AaHo ii
mMareMartudHuii onuc. [Tobymosano nosirepmiuni nepepizu TiSOMn50 - Zr50Mn50 ta Ti6OMn40 - Zr67.5Mn32.
[TobymoBaHO IpOEKIIii MOBEPXOHB JIKBiLycCy Ta conigycy s Ti - TiMn2 - ZrMn2 - Zr piBHOBa>)XHOI CUCTEMU.



JloBeieHO NPaBOMIpPHICTB ifiel TPO BUKOPUCTAHHS Y SIKOCTi COPOEHTIB BOJHIO €BTEKTUYHUX KOMIIO3ULIil Ta
IOCJIiIKeHO OCOOIMBOCTI KiIHETUKYU HaBOIHEHHSI reTepodasHyx CIIAaBiB, 110 CKIANAIThCS 3 TBEPIOTO PO3YMHY Ha
OCHOBI TUTaHy Ta ¢as3u JlaBeca. [lokazaHo, o eBTeKTUYHi crasu 6eta-(Ti,Zr,Mn)+(Ti,Zr)Mn2-x 3maTHi copbyBaTu
BOZE€Hb HaBITh IIPYU KIMHATHI/ TeMIIEpaTypi y BilCyTHOCTI NoNepenHbOi TEPMIYHOI aKTMBALli, O IOB'A3aHO 3
JIeTKICTIO copO1Lii BOIHIO OBEPXHEIO iHTepMeTaligHOI Ck1anoBoi. BusHayeHno ¢a3oBuil ckiaf, rifipumis, sSKi
YTBOPIOIOThCS MIPY B3a€MO[Iii BOJHIO 3 eBTeKTUYHUMU cIiiaBamu 6eta-(Ti,Zr,Mn)+(Ti,Zr)Mn2-x, ix kpucraniyHi

CTPYKTYpH Ta xiMiuyHuM ckinag,. [TokasaHo, 0 1eKOMIIO3ULiI0BaHHS a3y JlaBeca Npu rifpyBaHHi He BilOyBa€ThCS.

2. This thesis is devoted to the study of the influence of preliminary thermal activation treatment, hydrogen
pressure and temperature on the mechanism and kinetics of hydrogenation of Ti, the Ti-V alloys and eutectic
alloys of the Ti-Zr-Mn system. The aim is to obtain new materials with a high hydrogenation capacity and
parameters of hydrogenation acceptable to commercial production. The initial alloys were studied by means of
SEM-EDS technique, X-ray diffraction and DTA. Hydrogen storage properties were evaluated using a Siverts-type
technique. The phase composition and crystal structures of the hydrogenation products were determined. The
work is based on the four logically related conceptions: the first consists in evaluation of the influence of the
preliminary temperature activation of the Ti specimens' surface by means of annealing and laser irradiation; the
second is related to the estimation of the influence of hydrogen pressure on the absorbing properties, such as the
start temperature of sorption, the rate of hydrogenation and hydrogen storage of pure Ti with different
microstructures; the third consists in the study of kinetic parameters of interaction between the Ti-V alloys with
hydrogen in the concentration range from pure Ti to pure V with hcp and bcc structures; in the fourth part the
results of study of interaction with hydrogen of two-phase eutectic alloys of the Ti-Zr-Mn system are presented.
The last part also includes the results of phase equilibria study in the Ti-Mn and the Ti-Zr-Mn systems with the
aim to ascertain the composition range of the ro-TiMn phase existence and the location of binary eutectic. It was
shown for the first time that Ti-V alloys with V content from 0.25 to 5 mass.% have abnormally high hydrogen
capacity, up to H/Me=2.18. This result was explained by phase transformation in hydrides that increases density of
defects of crystal lattice, such as metal-metal vacancies and dislocations. In the present work the mechanism of
realization of the conception concerned with hydrogenation of two-phase alloys consisted of bce and Laves phases
has been proposed, once every phase participates in the hydrogenation. In this case, the bcc phase absorbed
hydrogen in a favorable manner, like intermetallic compound. This situation was obtained for alloys of the Ti-Zr-
Mn system with eutectic structure, where conditions of low Mn content in the Laves phase alloyed with Zr and bcc
Ti-based solid solution were "automatically" realized. Since the Ti-Zr-Mn system has not been constructed yet, in
this part of the present work the original results concerned with the conditions of ro-TiMn phase formation under
crystallization from liquid state and phase equilibria in the Ti-TiMn2-ZrMn2-Zr partial system are presented. They
include the mathematical description of the solidus surface in the Ti corner of the phase diagram, the liquidus and
solidus projections, as well as the TiMn2-ZrMn2, Ti50Mn50-Zr50Mn50, and Ti60Mn40 - Zr67.5Mn32 polythermal
sections. It was shown that the eutectic 47.5Ti-30Zr-22.5Mn (at.%) alloy in monolithic state could react with
hydrogen after 3 hours exposure at room temperature at a pressure of 0.4 MPa of hydrogen without any
preliminary thermal activation. The hydrogen capacity was measured as 2.62 mass.%H. The hydrogenation product
obtained under these conditions consisted of an hydride with tetragonal structure of ThH2 type and a Laves
phase-based hydride with MgZn2 type structure. Upon heating in a hydrogen atmosphere with a pressure of 0.5
MPa the activation of specimen in monolithic state begins at temperature somewhat higher than the temperature
of the alfa-beta transus start, which may be related to the destruction of the thin oxide layer on the surface of
specimen due to the difference between atomic volumes in the and phases. The hydrogen capacity is measured as
2.58 mass.%. The hydrogenation product consisted of a hydride with a cubic crystal structure of CaF2 type and a
Laves phase-based hydride with MgZn2 type structure.
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