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Juceprauiitna pofoTa NPUCBAYEHa BUDIMICHHIO aKkTyanbHOI npobieMy, a came po3poGIeHHI0 Ta JOCTIDKEHHIO TEXHOJIOTIYHNK
rapaMeTpiB BUTOTOBNEHHS IApyBaTHXx komnozuniitnux wartepianmis Ti(Ti-TiB)/Al 3 nipsumennMu  QisuKo-MexXaHIYHUMK
XapaKTEPUCTMKaMK  pifkodasuum MeTomom. [lpencTaBneHo TEXHOJNOTiYHI OCHOBA BUTOTOBNEHHA mapysBatux Ti/Al
KOMIOSHLiAHKMX MarepianiB pigkodassHum (OPMYBaHHSM 3 BHKODUCTAHHSM (Quuocy eBTekTMuHoro cnnasy KF-AIF3, mo
3abeaneyye piBHOMIpHE IPOCOYEHHS AMOMIHIEBOrO PO3MIABY MK IUIACTUHAMM HA OCHOBI THTaHy. BCTAHOBJIEHO, IO HA TPaHMILi



pO3Moniny Mik TBepAuM THTaHOM Mapku BT1-0 Ta pigkuMm amomiHieM YTBOpIOEThCS MNEpexiiHWMil Imap, TOBIIMHA SKOTO
saumaerbes cTabinbHoIo 32 TemnepaTyp posnnasy Bif 700 o 800 °C, mupuny 3a30py MDK TUTAHOBUMM MacTHHamu Bin 0,5 no
1,5 Mm Ta yacy eutpumysanta 900 c. 3a GaszoBuM CKIA[OM TIEPEXiTHKI AP BiATIOBINAE TBEPAMM PO3YMHAM TUTAHY B AMOMiHil Ta
amoMIiHII0O B TWTaHi. Bu3HaveHO, MO MiHIMAJIBHOTO 4acy BUTPUMYBAHHA MOCTATHbO [JIsi B3a€MOJii THTaHy Ta aiOMiHil0.
YTBOpeHHs pPIBHOMIPHOTO mepexigHoro mapy 3abesneyye BUTPUMYBAaHHA Y PO3MUJaBi micis mpocoueHHs mporsarom 300 c.
36inbIIeHHS MMPHUHHA 3a30PY MK TUTAHOBMMM TuiacTMHamu Bif 0,5 no 1,5 MM npussoauTth no 36UIbIIEHHs IMBHAKOCTI MigAoMy
posmnaBy Mk HuMHM Big 1,6+£0,12 1o 2,9+0,20 Mmm/c. ToBIMMHA YTBOPEHOrO NEPEeXiiHOrO Mapy 3a/MIIAeThCs CTabIbHOI0 IS BCIX
DOCTIIKEHAX 3HAYEHb MMPHHM 3330py MK IUIACTMHAMM Ha OCHOBI TMTaHy y cucremax BT1-0/Al, BT6/Al i Ti-TiB/Al Ta y
cepenuboMy cknazae 2,8, 3,8-4,2 i 6,3-6,5 MKM BiITIOBiAHO. [10TOBIEHHS Wapy 332 yMOBH 3MiHM BUXIIHUX MIACTMH 06YMOBJIEHE iX
XiMiYHMM CKJIAZIOM Ta CTPYKTypolo. [ NOCHKEHUX CHCTEM NPEACTABIEHO MeXaHi3Mu MixdasHoi BzaeMonii MK TBepIuM
TUTAHOM 260 HOro CIUIaBoM Ta PiKUM amioMiHieM. 3a NpefcTaRneHuMH y AucepTaiiiHii poboTi TEXHONOTIYHUMM NapaMmeTpamMu
OTPUMAHO He JIMIlle TPUIIAPOBI, a ¥ I'ATH- Ta CEeMMIIApOBi Matepianm cucrem BT1-0/Al Ta BT6 /Al. 36inblieHHs KUIbKOCTI mapis y
marepiazi He NPU3BOIUTE 10 3MIHM MIKPOCTPYKTYDH 30HM B3aeMOZil. Y pesysbrari MpoBeieHHK NOCTIIDKEHb Ha TPhOXTOUKOBUI
SI'MH BCTaHOBJIEHO, MO TPUIAPOBi KOMMO3WHiiHI mMatepianu cucremu BT1-0/Al ne pyinyioreea. [lin yac mocsrHeHHs KyTa
BUTMHY 3paskiB y fgianasoni 130-120° Ha rpanumi posnoginy BififyBaeTbcsl yTBOPEHHS TPIll[MH, MaKCUMAIBHHM po3Mipom 1o 20
MKM, fIKi HE TPH3BOAATH N0 PO3MAPOBYBAHHA Ta BiNOKPEMJIEHHS THUTAHOBMX IUIACTMH Bin amominieporo mapy. [lin vac
BUNPOOYBaHb Ha PO3TAr TpU- Ta NATMINApoBi Marepiamy cucremu BT1-0/Al IEeMOHCTPYIOTH TUIACTHYHY TIOBEHiHKY, a
MaKCHMallbHi 3HAY€HHS MIlHOCTi HOCAraloThest 3a yMOBM MiHiManbHOI mupunu 3asopy 0,5 mm i caraote 305+16 MIla 3a
nedopmarii 32,1+3,0 %. Tpumaposi koMmnosuru cucremu BT6 /Al neMOHCTPYIOTh aHANOTIYHY MOBEIHKY T Yyac BUMPOBYBaHb, a
MaKCUMaJIbHa MIlHICTh Ha po3TaAr ckiamae 602+15 MIlla 3a pedopmanii 15,3+2,4 %. Ha sigminy sin nonepepnix, marepianu
cucremu Ti-TiB/Al feMOHCTPYIOTh KPHMXKY HOBeNiHKY nin 4ac pyiiHyBaHHs. MiIHICTE Ha pO3TAr TPHINAPOBOro Marepiany 3a
YMOBH MUPWHYM 3330py MDK miacTuHamu 1,5 MM y cepenubomy craHoBuTh 479+18 MIla, a pedopmauis - 14,96+17 %.
EKCIIEpUMEHTANIBHO BCTAHOBJEHO, IO BENMYMHA MILHOCTI HAa POSTAr WAPYBaTMX KOMMO3MUIMHMX MaTepianiB 3aJoBiIbHO
Y3rOmKyeThCsi 3i 3HAYEHHAMH, PO3PAXOBAHMMM 3a NPABMJIOM CyMmilleil, BpaxoBylouM OO €MHy 9acTKy, KimbkicTh Ta (isuko-
MEXaHIYHi BJACTMBOCTI TMTAHOBMX i aIOMIHIEBMX WIAPIB, IO JO3BOJISE NPOrHO3YBaTH MeXaHidHi BractuBocTi mapysatux Ti /Al
KOMIIO3HTIB. BCTAHOBINIEHO, WO y pe3ysbTaTi NpOKaTyBaHHs y armocdepi mopirps 6e3 nonepefHLOro HarpisaHHs pinkodasHo
cdopmoBani Tpumapoei marepianm cucremu BTI-0/Al 36epiraiors winicuicTs rpaHuni posnonuty. CTyminb OGTHCKaHHS
06po6iieHnx THCKOM MarepiamiB cknagae sig 0,27 mo 0,45. Ilepexipnuil map, YTBOPeHHH y PE3YAbTAaTi BIaeMOMil BUXiTHMX
Meranis, (parMeHTyeThCs Ta NEPEeXOiMTh Y AamoMiHieBy dYacTuHY. MilHICTE NPOKaTaHMX KOMMO3MTIB NPOTH BUXITHUX
abinemyeTscs mo 401-491 MIla 3anexHO Bin WIMPUHM 3a30py Ta CTyneHA O6THCKaHHA. AHI30Tpomis MIHOCTI Ha pO3TAT Y
BOCHIPKEHUX Marepianax NPaKTHYHO HE TIPOABJIAETHCS i HE BaleXXUTh BiJi HANPAMKY PO3TATY NOCHIIKYBaHHMX 3PasKiB BifHOCHO
HanpsAMKY NMPOoKaTyBaHHS. Y pe3ynbTaTi MPOKATYBaHHA TPHIIAPOBUX KOMMO3MIiMANX Marepianis cucremu Ti-TiB/Al y Bakyymi 3
HorepefHiM HarpiBaHHAM 6yJ/I0 JOCATHYTO MakCHMasbHOro cTyneHs obtickaHHs 0,36. 36isbmeHHs TeMnepaTypy NpoKaTyBaHHs
KOMIO3UTY NIPU3BOAUTE 0 MOTOBIEHHS YTBOPEHOTO HA PaHuUIi PO3NOALNY nepexifHoro mapy. MilHicTe Marepiany 3i CTyneHeM
obruckanns 0,2 y cepenHsomy ckianae 725+20 MIla, a minactuyHa Jedopmanis - 0,98+0,12 %, mo Bkasye Ha 36inbHIEHHS
MILHOCTI Ta 3MEHIUEHHS IUIACTMYHOCTI Y MOPIBHSHHI 3 BUXiJHMM HeNpoKaTaHMM Marepianom. 3a gomnomoroio rpadikis Em6i
MOKA3aHO, UI0 3a TNWTOMMMM MEXaHIYHMMH Xapakrepucrukamu mapysari Ti/Al KommosutH, oTpumaHi pinkodasHuM
(opmyBaHHSIM MEPEBUITYIOTH BiTOMI TUTAHOBI Ta aMOMiHIEBI crinasy,

Pedepar (amru,)

The dissertation work is devoted to the solution of an actual problem, namely the development and research of technological
parameters for the manufacturing of layered Ti(Ti-TiB)/Al composite materials with increased physical and mechanical
characteristics by the liquid-phase method. The technological bases of layered Ti/Al composite materials liquid-phase
manufacturing are presented. Using the KF-AIF3 eutectic alloy flux ensures uniform impregnation of the aluminum melt
between the titanium based plates. It was established that transition layer at the interface between solid titanium grade VT1-0
and liquid aluminum is formed. Thickness of transition layer remains stable at melt temperatures from 700 to 800 °C, the width
of the gap between the titanium plates from 0,5 to 1,5 mm, and holding time 900 s. The phase composition of the transition layer
corresponds to solid solutions of titanium in aluminum and aluminum in titanium. It was determined that the minimum holding
time is sufficient for the interaction of titanium and aluminum. 300 seconds holding in the melt after infiltration ensures
formation of a uniform transition layer. An increase of the width of the gap between the titanium plates from 0,5 to 1,5 mm leads
to rising of melt lifting speed between them from 1,6+0,12 to 2,9+40,20 mm/s. The thickness of the formed transition layer
remains stable for all investigated values of the width of the gap between the titanium-based plates in VT1-0/Al, VT6/Al, and Ti-
TiB/Al systems, and on average, is 2,8, 3,8-4,2 and 6,3-6,5 pm, respectively. The layer thickening as a result of changing the
original plates is due to their chemical composition and structure. Mechanisms of interphase interaction between solid titanium
or its alloy and liquid aluminum are presented for the studied systems. According to the presented in the dissertation



technological parameters, not only three-layer but also five- and seven-layer materials of the VT1-0/Al and VT6 /Al systems
were manufactured. An increasing in the number of layers in the material does not lead to a change in the microstructure of the
interaction zone. As a result of the three-point bending test, it was found that the three-layer composite materials of the VT1-
0/Al system don't destroy. When the bending angle of the samples in the range of 130-120 ° is reached, cracks with a maximum
size of up to 20 um are formed at the interface. It doesn't lead to delamination and separation of the titanium plates from the
aluminum layer. During tensile tests, the three- and five-layer materials of the VT1-0/Al system demonstrate plastic behavior.
Maximum strength values were achieved with a minimum width of the gap of 0,5 mm and reached 305+16 MPa at a total strain of
32,1+3,0 %. Three-layer composites of the VT6/Al system demonstrate similar behavior during tests. The maximum tensile
strength is 602+15 MPa with a total strain of 15,3+2,4%. Unlike the previous ones, materials of the Ti-TiB/Al system demonstrate
brittle behavior during destruction. The tensile strength of the three-layer material with the width of the gap between plates of
1,5 mm, is 479+18 MPa on average, and the deformation is 14,9617 %. It was experimentally established that the value of the
tensile strength of layered composite materials satisfactorily agrees with the values calculated by the rule of mixtures, taking
into account the volume fraction, number, physical and mechanical properties of titanium and aluminum layers. It makes it
possible to predict the mechanical properties of layered Ti/Al composites, As a result of rolling in an air atmosphere without
preheating, the liquid-phase formed three-layer materials of the VT1-0/Al system retain the integrity of the interface. Materials
with a reduction ratio of 0,27-0,45 were obtained by plastic deformation. The transition layer, formed as a result of the
interaction of the original metals, fragments and passes into the aluminum layer. The strength of the rolled composites
increases to 401-491 MPa compared to the original ones. Anisotropy of tensile strength in the studied materials is practically not
occur and doesn't depend on the direction of tension of the studied samples relative to the direction of rolling. As a result of
three-layer composite materials of the Ti-TiB/Al system vacuum rolling with preheating, a maximum reduction ratio of 0.36 was
achieved. Increasing of the composite rolling temperature leads to a thickening of the transition layer, which formed at the
interface. The strength of the material with a reduction ratio of 0,2 is on average 72520 MPa, and the plastic deformation is
0,98+0,12%. It indicates an increase in strength and a decrease in plasticity compared to the original material. Ashby graphs
showed that in terms of specific mechanical characteristics, the layered Ti/Al composites manufactured by liquid-phase method
exceed the known titanium and aluminum alloys.
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