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V. BimomocTi npo guceprauiio
Mosga guceprarii:
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1. EnexTpopo3psiHe AUCIEPTYBaHHS Ta CUHTE3 BUCOKOMOYJIbHUX HAlIOBHIOBAYIB /1J1s1 OTPUMAaHHS 3HOCOCTIMKUX

METaJI0O-MaTPUYHUX KOMIIO3UTIB

2. Electric discharge dispersion and synthesis of high modulus fillers for obtainment of wear-resistant metal-
matrix composites

Pedepar:

1. Incepraliito NpUCBSY€HO BUBUEHHIO 3aKOHOMiPHOCTEH (Pa3o- Ta CTPYKTYPOYTBOPEHHS BUCOKOMOYJIbHUX
HaIOBHIOBAYiB [IpY BUCOKOBOJIbTHIl €JIeKTPOpOo3psAIHii 06pob1i nopouikis Fe, Ti, Al Ta ix cymimeii y raci ta
OTPHMAaHHIO METaJI0-MaTPUYHUX KOMITIO3UTIB i3 MiBUIEHUMU MEXaHIYHUMU Ta eKCIUTyaTaliiHUMU
XapaKTepUCTUKaMU. BUKOHaHI eKCllepUMEeHTasIbHi Ta TEOPETUYHI JOCIiI>)KEHHS J03BOJIMIN 06paTu Ta
OOIPYHTYBATU PEKMMU €JIeKTPOPO3PSLHOI 0OpOOKU IMOPOIIKIB Ta po3pobuTH (Hi3MKO-TEXHOJIOTIYHi 3acagu
KepPyBaHHS IIPOLIECOM JIMCIIEPTyBaHHS Ta CUHTE3y BUCOKOMOZYJIbHAX HAaIIOBHIOBAY€EH, CIIPIMOBAHUX HA CTBOPEHHS
6aratoQyHKIiOHAIbHUX AUCIEPCHO3MILIHEHUX METaJI0O-MaTPUYHUX KOMIIO3UTIB. Y poOO0Ti BCTAHOBJIEH] TapaMeTpu
€JIEKTPOPO3PSAHOI 0OPOOKH /111 OTPMMAHHSI BUCOKOIMCIIEPCHOI (35 % 4acTHHOK Mae po3mip Biz 10 go 600 HMm)

OJIHOPIAHOI IKXTHU IJ1s1 METaJI0-MaTPUYHUX KOMIIO3UTIB Ta Kap6inisanii noporky tutany (no 98 %). [lns 1poro



€JIEKTPOPO3PsIHA MiATOTOBKA MOPOLIKiB Ma€ BUKOHYBAaTUCh IIPU BUAKOCTI 3pocTaHHs cTpyMmy (di/dt) Big 16 no 29
I'A/c, rycTuHi cTpymy B KaHami po3psazny (jk) Bix 0,6 go 0,8 KA/MM2 Ta uTOMii1 eHeprii 06podku (WnuT) Bif 25 o 40
MIIx/Kr. Y poboTi foBefieHO, 1110 eJIeKTPOPO3PsAHa MiJrOTOBKA IIOPOIIKIB Y PEKOMEHIOBAaHUX PeKUMax 3 ix
HACTYIHUM iCKPO-TIJIa3MOBUM CITiKaHHSIM JJO3BOJISIE OTPUMATU METAJI0-MaTpU4Hi KoMno3utu cucremu Fe — Ti - C
i3 TBepzicTIO 3a Bikkepcom o 14,7 I'Tla Ta MeTano-marpuyHi komnosutu cucremu Al — Ti - C i3 TBepzicTIO 3a
Bikkepcom no 8,3 I'Tla. 3pasku cuctem Ti-TiC ta Al-Ti-C nicnst BEP-o06po6ku ta ITIC Bukopucrtano Ha JIIT HBKT
«30ps1» — «Mamnpoekt» aJ1s1 Mogudikalii cTpykTypu xkapominnoro crnasy CM88Y y kinpkocti 0,01 %. Le
JIO3BOJINJIO 3MEHIIMTU PO3Mip 3€pHa y 3paskax crasy 3 1...2 mm 1o 0,2...0,3 mM. IIpu 1bOMy IOBroTpusasa MiljHiCTb
mopudikoBaHOro cIiiaBy rpu HaBaHTaxeHHi 280 MIla ta remneparypi 900 °C 36inbpmumnacs Ha 10...15 %, mexxa
MillHOCTi Ha po3puB nipu Temneparypi 600 °C cknana 110...113 MIla, a mexa MiLIHOCTI Ha po3pUB IIpY TEMIIEPaTypi
900 °C cksana 65...69 MIIa.

2. The thesis is devoted to investigation of the regularities of phase- and structure formation of high modulus
fillers during high voltage electric discharge treatment of Fe, Ti, Al powders and their mixtures in kerosene as well
as to the obtainment of metal-matrix composites with increased mechanical and performance characteristics.
Performed experimental and theoretical studies allowed selection and justification of regimes of powders high
voltage electric discharge treatment and the development of physical and technological basics of controlling the
process of dispersion and synthesis of high modulus fillers, aimed at the creation of multifunctional metal-matrix
composites. Parameters of high voltage electric discharge treatment for obtainment of highly disperse (35 % of
particles have size from 10 to 600 nm) homogeneous powder mixtures for metal-matrix composites and for
carbidization of Ti powder (up to 98 %) are found. In order to achieve this, high voltage electric discharge
treatment has to be performed with the current rise rate (di/dt) from 16 to 29 GA/s, current density in discharge
channel (jk) from 0.6 to 0.8 kA/mmz2, and the specific treatment energy (Ws) must be in range from 25 to 40
MJ/kg. In the work it is found out for the first time, that high voltage electric discharge preparation of powders
with their subsequent spark-plasma sintering allows obtainment of metal-matrix composites of Fe - Ti - C system
with Vickers hardness up to 14.7 GPa and metal-matrix composites of Al-Ti-C system with Vickers hardness up to
8.3 GPa. Specimens of Ti-TiC and Al-Ti-C after HVED treatment and SPS were used at gas turbine research and
development complex “Zorya” - “Mashproekt” for the modification of the structure of SM88U heat-resistant alloy
in quantity of 0.01 %. This allowed decreasing of grain size in alloy specimens from 1...2 mm to 0.2...0.3 mm. Long-
time strength of modified alloy at the stress of 280 MPa and the temperature of 900 °C have increased by 10...15 %,
tensile strength at the temperature of 600 °C was 110...113 MPa and tensile strength at the temperature of 900 “C
was 65...69 MPa.
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