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Pedepar:

1. Y po6oTi BupilieHna akTyasbHa HayKOBO-TEXHIYHA 337a4a, 10 [oJisiraja y BCTAaHOBJIEH] 3aKOHOMIpHOCTEH
(dopMyBaHHs MaTepiasiB Ha OCHOBi HaHomapyBaTux Mn+1AXn a3 cucremu Ti-Al-C(N) i ix TBepAUX pO3UUHIB B
MMPOKOMY Aiarna3oHi 3minu tuckis (0,5-7,7 ['Tla) Ta temnepatyp (950-1960 oC), Ha 0CcHOBi 4oro 6yJ10 CTBOPEHO
BHCOKOIIiNIbHI MaTepianu Ha ocHOBI Ti3AIC2 3 BUCOKUM piBHEM MeXaHiqYHUX, JeMII(pyBaJbHUX BIaCTUBOCTEH,
JKapOCTIMKUX i KOPO3iMHOCTINKMX Ha NOBITPi i Y BOLHI, a TakoXX nopo1ikis Ti3AIC2 3 BUCOKOIO 110J1ipyBaIbHOIO
3aTHiCTIO. [I7151 po3p0o6sIeHMX MaTepiasiB Oysu 3HaNeHi HOBI 0671aCTi €(DeKTMBHOTO 3aCTOCYBAaHHSI — B SIKOCTI
KOHCTPYKLIMHMAX MaTepiasiB 17151 TOTPe6 BOGHEBOI €HEPreTUKU (30KpeEMa, IJ1s1 MAJTMBHUX KOMIPOK), B SIKOCTI

IemndyBalbHUX MiTKIIATOK Iif] Pi3ajbHUI iHCTPYMEHT Ta MOJipyBaJIbHOrO MaTepiasny npu (inimHii 06pooii



KPUCTAJIiB OPOTOLiHHOTO i IITYYHOrO KaMiHHS. BCTaHOBIJIEHO, 110 30i/IbIIEHHS KiJIbKOCTi HITPOT€HY B TBEPAMUX
pozumnHax Ti2Al(C1-xNx) Biz x = 0 5o x = 0,75 IpUBOAUTD O 3MEHIIEHHS CTiKOCTI MaTepiany 4o OKUCHEHHS IIPU
HarpiBaHHi, a 36isbmenHs KinbkocTi mwapis TiC B cTpykTypi MAX a3z cucremu Ti-Al-C npuBogUTh 10 3pOCTaHHS
CTIilIKOCTIi 10 OKMCHEHHS Ha MOBITPi, IO MOB'SI3yEThCS 3i 301/IbIIEHHSIM KiJIbKOCT] MilJHUX KOBAJIECHTHUX 3B'sI3KiB.
[TokaszaHo, O CTIAKICTh 70 OKUCHEHHS MaTepiajiB Ha 0cHOBI Ti3AIC2 icTOTHO 3pocTae 3i 3BMEHIIEHHAM iX
IIOPUCTOCTI Bift 22% 1o 1%. BcTaHOB EHa i KisIbKiCHO oLiiHeHa IeMIdyBasbHa 31aTHICTb MaTepiasiB Ha OCHOBI
Ti3AIC2. JlorapugMiyHuil IEKPEMEHT 3aracaHHs KOJIMBaHb, CirMa, 3poCTae 3i 30i/1bIIEHHSIM Yacy Ta TUCKY CITIKaHHS:
npu 36isnbimeHHi yacy cunresy npu 0,1 MIla ta 1250 oC Big 1 1o 3 rog. ajns matepianis nopucrictio 11-13% cirma x 10
3pocrae 3 5,54 + 0,87 % 1o 14,16 + 1,37 %, a npu Butpumi 1 roa. npu 1300-1350 oC nigBumeHHs TUCKy Big 0,1 MI1a
1o 30 MIla npuBOIUTE 1O 3pOCTaHHS y 4 pasy i 3MeHIIeHHs1 NOpUcTocTi Ao 1 %. Cuntezosanuii ripu 5x10-3 MIla i
yIIiIbHEHUH 3a po3po6iieHoI0 TexHoiorieto mpu 30 MIla, 1350°C marepian Ha ocHoBi MAX dasu Ti3AIC2 (89%
Ti3AIC2, 6% TiC, 5% Al203) Mae yHiKalbHUI1 KOMILIEKC BJIACTUBOCTEN: TYCTUHY 4,27 I'/cM3 (TOPUCTICTh 1%);
MmikpoTBepzicTb Hu = 4,6 I'Tla (mpu 5 H), TBepuicte HV = 630 (npu 50 H) i HRA = 70 (nmpu 600 H), monysb IOHra
140+29 I'Tla; miuHicTh i 4ac saruHaHHs - 500 MIla i ctuckanng - 700 MIla; ctaTuyHy TpiluHOCTINKiCTS 10,2
MIla-m1/2, norapudmiyHuil JeKpeMeHT 3aracaHHs KOJUBaHb cirma x 10=24,5 + 1,8 %, npuyomMy #0ro MilHiCTb mij
4ac 3riHaHHA Micys BUTPUMKY Y BonHI ipu 600 oC npoTsrom 3 ron 3MeHIIyeTbCsl iuiie Ha 5 %, a micisg 1000
rOJMHHOI BUTPUMKMU Ha noBiTpi npu 600°C maHuit MaTepian BUSBUBCS CTIMKIMIUM 10 OKUCHEHHS, Hi>K GepuTHi cTai
tuny Crofer GPU i Crofer JDA.

2. The dissertation deals with an actual science and technical problem, which consists in the establishing of
regularities of the formation of materials with nanolayered Mn+1AXn phases of Ti-Al-C(N) system and their solid
solutions over the wide range of pressures (0.5-7.7 GPa) and temperatures (950-1960°C) and basing on which the
highly dense Ti3AlC2-based materials with high mechanical and damping characteristics, temperature- and
corrosion-resistances in air and hydrogen as well as Ti3AlC2 powders with high polishing ability have been
developed. New effective applications of the developed materials were found, namely, structural materials for
hydrogen energy needs (particularly for fuel cells), damping substrates for cutting tools and polishing material in
finishing jewelry crystals and synthetic stones. It has been established that the increase of nitrogen in Ti2Al(C1-
xNx) solid solutions from x = 0 to x = 0.75 leads to a decrease of the material stability against oxidation on heating
and an increase of the number of TiC layers in the MAX phases structures of the Ti-Al-C system causes an increase
of the resistance against oxidation in air, which is attributable to an increase of the amount of strong covalent
bonds. It has been shown that the resistance to oxidation of the Ti3AIC2-based materials essentially increases as
their porosity decreases from 22% to 1%. The damping ability of Ti3AIC2 - based materials was defined and
estimated. The logarithmic decrement of oscillation damping, ?, increases as the time and pressure of sintering
increase: the increase of sintering time at 0.1 MPa and 1250 oC from 1 to 3 h for the materials with 11-13% porosity
2?10 increases from 5.54 + 0.87 % to 14.16 + 1.37 %, and in the case of holding time 1 h at 1300-1350 oC the increase
of pressure from 0.1 MPa to 30 MPa leads to the increase in 4 times and to the decrease of porosity to 1 %.
Synthesized at 5?10-3 MPa and densified according to the developed technology at 30 MPa, 1350°C material that is
based on the MAX phase Ti3AIC2 (89% Ti3AIC2, 6% TiC, 5% Al203) demonstrated a unique complex of properties:
density 4.27 g /cm3 (porosity 1%); microhardness Hp = 4.6 GPa (at 5 N), hardness HV = 630 (at 50 N) and HRA = 70
(at 600 N), Young modulus 140+29 GPa; bending strength 500 MPa and compression strength 700 MPa; static
fracture toughness 10.2 MPa'm1/2, logarithmic decrement of oscillation damping ??10=24.5 + 1.8 %. Besides the
bending strength even of porous material after holding in hydrogen at 600 oC for 3 h decreased by 5 %, and after
holding for 1000 h in air at 600°C the dense material turned out to be more resistant against oxidation than ferrite
steels of Crofer GPU and Crofer JDA grades.
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