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Mosga guceprarii:
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Tema gucepranii:
1. YoockoHaneHHs NPOLECiB €IEKTPOPO3PAAHOI 0O0pOOKY MUXTHU Ta iICKPO-TIJIa3MOBOTO CIiKaHHS JJ1 OTPUMaHHS

BHCOKO3HOCOCTINKMX KapOimocTanen.

2. Improving processes of electric discharge processing of blend and spark plasma sintering for obtainment of high
wear-resistant carbide steels.

Pedepar:

1. luceprauisa npucBga4eHa BUPIilIEHHIO HAYKOBO-TEXHIYHOI 3aa4i — OTPUMaHHS KOMIIO3ULIMHUX METaJIOMAaTPUYHUX
marepiazniB cuctemu Fe-Ti-C-(B) 3 BUCOKOIO 3HOCOCTIHKICTIO, IJISIXOM YIOCKOHAIEHHS €J1eKTPOPO3PSIHOI 0OpOOKU
cymiment nopouukis Fe, Ti Ta B4C, BUKOPHCTOBYI0YM BUCOKOBOJIBTHUM €/1eKTpUYHUi po3psy (BEP) y ByrieBonHeBil
piguHi Ta 3 nojanbmuM icKpo-1aa3mMoBuM cnikaHHIM (IT1C) oTpumaHoi MKXTU. B po60Ti TEOPETUYHO BCTAHOBJIEHO
HeOOXiJIHI yMOBHU 1171 JUCIIePryBaHHS [IOPOLIKIB Ta CUHTe3y TBepAux ¢a3 npu BEP 06pobui. ExcriepruMeHTaabHO
BCTaHOBJIEHI 3aKOHOMIPHOCTI 3B's13Ky ItapameTpis BEP 06po6ku cyMilieil IOpoLIKiB 3i 3MiHOIO iX AUCIIEPCHOCTI Ta
($a30BOro ckyiasy. 3anpolOHOBAHO MEXaHi3M BUCOKOBOJIBTHOTO €JIEKTPOPO3PSAHOrO CUHTE3Y Kap0OifHUX (a3 nmpu
BEP 06po611i NOpPOLIKIB y BYTJI€BOJHEBIN PifiiHi, 110 BKJIIOYA€E NECTPYKLiIO0 BYrJI€BOJAHEBUX JIAHIIOTIB 3 yTBOPEHHSIM

aKTUBHOTO HAaHOBYIJIEIIO Pi3HUX aJIOTPONHUX MOoAUQiKaLlill, aTOMH SIKOTO B yMOBaX 3HAYHUX TEMIIEpaTyp Ta TUCKY



371aTHi 4O BKOPiHEHHS B KPUCTAJIiYHy I'PATKy METaJly, yTBOPIOIOYM KapOifHi CIIOIyKU. BCTAHOBJIEHO 3a/1€KHICTh
KiJIbKOCTi CUHT€30BaHOI'0 BYIJIELIO 3 iHTerpajibHOI0 eHeprielo 06po6KY, 1110 LO3BOJIUIIO 3a6e311e4yBaTh YMOBU
CHHTEe3y KapOiJHUX CIIOJYK CTEXiIOMETPUYHOTO CKIany. Ha OCHOBI 3Hau€Hb MUTOMOTO €JIEKTPUYHOIO OIOPY HIUXTU
BM3HAYEHO PO3MOiJ TEMIIEPATYPHOrO MOJIS B UUJIIHAPUYHIN CTiHLi rpadiToBOi MaTpuLli Ta BCTAHOBJIEHO
[apaMeTpu iCKpO-IIJIa3MOBOI KOHCOJIiAaLlii, 0 JO3BOJIUJIO OTPUMATH KOMITO3ULIIMTHUI MEJIOMAaTPUYHUN MaTtepia
cucremu Fe-Ti-C-(B) Bucokoi mwinbHOCTi (MOPUCTICTb 10 1%). BUKOpHCTOBYIOUM TEOPETUYHI Ta €KCIIepUMEHTaJbHI
Pe3yJbTaTU JUCEPTALIHOI pOOOTH PO3PO6JIEHO TEXHOJIOTIYHY CXEMU OTPUMAHHS MaTepiajliB 3 BUCOKOIO
3HOCOCTIKiCTIO, TBepAicTIo Ta MinHicTio. Kapbigoctani cuctemu Fe-Ti-C maioTs TBepzicTs 7o 56 HRC, minHicTh Ha
BuruH 110 1050 MI1a, 3HOCOCTIliKiCTh Ipu abpa3uBHOMY TepTi Ha 18-20% Buuly Bif mBHUIKOPi3anbHOi cTasi P6MS.
Komnosutu cucremu Fe-Ti-B-C maioTb TBepaicTs o 68 HRC, minHicTs Ha BuruH no 1350 MIla, cTiikicTs 10
abpa3yMBHOrO 3HOLIYBAHHS HAa 15-25% Bully, HiX y mBUAKOpizanbHOi cTani PEM5. OTpuMaHi KOMIO3UTH IPONLIN
npomuciiosi Bunpo6ysanus Ha TOB «3ABO/I-KPVICTAJI». BurotosneHo npo6iiiHuku (MaTtepian cuctemu Fe-Ti-B-
C) nucroBoro meTany Ta ponuku (Matepian cucremu Fe-TiC) kapeTku MalluH TepMivyHOTO pi3aHHs. B nepmomy

BUIAJIKy CTiMKiCTh p0604Y0i KpOMKH 36inbmmacs Ha 35%, B IpyroMy pecypc eTasli 30i/IbIINUBCS BABIYi.

2. The thesis deals with scientific and technical problem - obtainment of metal-matrix composite materials of Fe-
Ti-C-(B) system with high wear resistance, by improving an electric discharge processing of Fe, Ti and B4C
powders mixture through the use of high voltage electric discharge (HED) in hydrocarbon liquid, followed by a
spark-plasma sintering (SPS) of derived blend. Necessary conditions for powders dispersion and synthesis of hard
phases during HED processing are theoretically found in present work. Regularities of powder mixtures HED
treatment parameters connection to change of their dispersity and phase composition are experimentally
determined. Mechanism of high voltage electric discharge synthesis of carbide phases during powders HED
processing in hydrocarbon liquid, which includes destruction of hydrocarbon chains with synthesis of active
nanocarbon of different allotropic modifications, atoms of which in conditions of significant temperatures and
pressures are able to implant into metal crystal lattice, creating carbide compounds, is proposed. Dependence of
synthesized carbon quantity on integral processing energy is found, which allowed ensuring stoichiometric
carbide compounds synthesis conditions. Basing on the specific electric resistivity of blend the distribution of the
temperature field in the cylindrical wall of the graphite matrix and parameters of spark-plasma sintering are
determined, which allowed obtainment of composite metal-matrix material of Fe-Ti-C-(B) system with high
density (porosity up to 1 %). Technological scheme for obtainment of materials with high wear resistance, hardness
and strength is developed basing on theoretical and experimental results of thesis. Carbide steels of Fe-Ti-C
system have hardness up to 56 HRC, bending strength up to 1050 MPa, abrasive wear resistance of friction for 18-
20% higher than of the high speed steel P6M5. Carbide steels of Fe-Ti-B-C system have hardness up to 68 HRC,
bending strength up to 1350 MPa, abrasive wear resistance of friction for 15-25% higher than of the high speed
steel P6Mb5. Proposed composite materials and technological schemes passed industrial testing on “Zavod Kristal”
Ltd. Punches for sheet metal (Fe-Ti-B-C system material) and roller carriages for thermal cutting machines (Fe-Ti-
C system material) were made. In the first case the working edge resistance increased by 35% and in the second

details resource increased twice.
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