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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

(da3zoBi piBHOBaru Ta cUHTe3 HaATBEPAUX ¢a3 B cucremax Al-B-C ta Mg-Zn-B-C npu BUCOKUX TUCKaX B LIMPOKOMY

Iiana3oHi Temneparyp

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Phase equilibria and the synthesis of superhard phases in the Al-B-C and Mg-Zn-B-C systems at high pressures in
a wide range of temperatures

Pedepat yKpaiHCBKOIO:

BuBueHo ¢a30yTBOpEHHs B yMOBax BUCOKUX TUCKIB (mo 7,7 I'Tla) i remneparyp (mo 2200 oC) B noTpiiiHiil cuctemi Al-
B-C. BcraHoBieHo, o noyuHatouu i3 1500°C B nigcucremi Canm AlB12 (AlB2) po3nounHaeThCs B3a€MOJist MK
KOMIIOHEHTAMH i3 yTBOPEHHSIM HOBUX (pa3 Ha MDK(a3HUX rpaHulsaxX. Haii6inbi aKTUBHO Taka B3aeMOJist IPOTiKae
npu T > 1700°C. IIpu tucky 7,7 I'Tla nu6opup anominito po3knagaetscs Ha AlB12 ta amominiil npu Temmeparypi
Buie 3a 2200 oC. Pigkuii anoMiHil pearye 3 amMa3om 3 yTBOPeHHSIM crionyku Al8B41C7, sxa y Burispi
HAHOBUJIiJIEHb JIOKAJIi3y€eThCS HA MibK(pa3HUX rpaHUIsiX. Ha OCHOBI €KCIIEPUMEHTA/ILHUX PE3YJIbTaTiB, OTPMMAHUX B
IaHill po6OTi, Ta JNiTepaTypHUX JAaHUX IIJIIXOM TEPMOLMHAMIYHOIO PO3PaxXyHKYy I100yAOBaHa JiarpaMa CTaHy
cuctemu Al-B-C nipu 7,7 T'Tla, 3rigHO 3 SIKOIO MIKiAJUBUH OJ151 MOJTIKPUCTANTIYHUX MaTepiasiB kKap6in Al4C3 He
YTBOPIOETHCS IIpU CHiKaHHI B nifcucremax AlB12-B4C ta AlB12-Canm. CnikaHHsm AlB12 Ta anmasy oTpuMaHo
HaZATBepAy KepamiKy i3 HaliKpalluM CIiBBiAHOMEHHSIM TBepAOCTi (45-50 I'Tla) Ta TpilMHOCTIIKOCTI (4.7-5
MIlIa*m1/2). BcranosneHo, o npu aii remnepartypu 1250 oC ta tucky 3 I'Tla Ha cymimn Mg-Zn-B yTBOpioeTbCst
crnaB i3 ¢pazamu Mg, Zn, e1eKTPOHHUMU criosiykamu Mg51Zn20 ta MgZn2, 1110 yTBOPIOIOTh 3€pHA IJIaCTUHYACTOL
¢opmu Ta MibkaepeHHy pa3y amopdHoro 60opy. Bzaemogis B cucreMi Mg-Zn-B-C npu temneparypax Buiie 1700 oC
Ta TUCKy Ginbuie 7 [Tla IpuBOANTE 10 CUHTE3Y aMa3y, po3Najy eJeKTPOHHOI crionykd Mg51Zn20 Ta yTBOpeHHS
MgZn2. T1pu 6inbunx KoHLEHTpaLisix 60py yTBoprooThest B4C Ta MgB2C2, BHACIIOK BMICTY B IIKMXTi JOMIIIKOBOTO
okcureHy yrBoproeTbcst MgO. [TokasaHo, o 3i 3pocTaHHAM KisbKocTi 60py Bix 0,007 go 1,00 % (aT) B muxTi
cucrteMu Mg-Zn-B-C nuTOMUN €JIEKTPUYHUM OIIip CUHTE30BaHOTI'0 aJIMA3HOr0 MOPOLIKY 3MEHIIyeThbCA Big 1076 1o
80 Om*cMm. ITopanbiie 36i7bII€HHS KiIbKOCTI 60PY B IIKXTi HE IPU3BOIUTH [IO 3HMUKEHHS IUTOMOTO €JIeKTPOOIIOpY.
CrlikaHHS BKa3aHOT0 aJIMa3HOTO MOPOLIKY BeJlE 10 MOAABIIOr0 3MEHIIEHHS ITIMTOMOrO onopy B 8-10 pas.
BcTaHOBJIEHO, 110 KOHIEHTPALisl aTOMiB 60pY B I'paTlli aamasy CTaHOBUTS (6,5-8,7)*10718 cm”™-3 npu KOHLeHTpallii
6opy B pocToBii cuctemi 0,17 % (aT.). [TinBunieHHS KOHLIEHTpaLii 60py B Hill He BeZie 1O CYTTEBOI 3MiHU
KOHILIeHTpallii aTOMiB 60PY B I'paTLii CHUHTE30BaHOTO ajimMasy. Po3po6sieHo crocié cuHTe3y ajiMasy BUCOKOI KaTeropii
TEPMOCTa0I/IBHOCTI 32 paxyHOK YTBOPEHHS! B [IPOLeCi CUHTEe3Yy B cucteMi Mg-Zn-B-C nopsiz 3 aiMa3oM CIOJIyK
60py, siKi 6;113bKi 10 alMa3y 3a 06'eMHUM MOAYyJIeM Ta KoedillieHTOM TeMIlepaTypHOro po3mupeHHs. [Ipu
BXOIPKEHHI BKa3aHHUX CIIOJIYK B KPUCTAJIM aJIMa3y B POJIi JOMIIIOK BOHY HE BUKJIMKAIOTh 3HAYHUX 3aJIMIIKOBUX

HaIPY>X€Hb PO3TATY.

Pedepar aHIJIiHCBKOIO:

Phase formation in the ternary Al-B-C at high pressures (up to 7.7 GPa) and temperatures (up to 2200 ° C) was
studied. It was found that the interaction between the components in the subsystem Cdia AIB12 (AlB2) with the
formation of new phases at the interfaces starts at temperatures above 1500 ° C. This interaction is most active at
temperatures T >1700°C. At a pressure of 7.7 GPa aluminum diboride decomposes to AlB12 and aluminum at a
temperature above 2200 oC. Liquid aluminum reacts with the diamond to form a compound Al8B41C7, which is
localized at the interphases in the form of nanoprecipitations. Based on published data and experimental results
obtained in this work the phase diagram of the Al-B-C at 7.7 GPa was charted by thermodynamic calculation.
According to this diagram carbide Al4C3, which is harmful to the polycrystalline material, is not formed during
sintering in subsystems AlB12-B4C and AlB12-Cdia. Superhard ceramics, which has the best ratio of hardness (45-



50 GPa) and fracture toughness (4.7-5 MIla?m1/2) was obtained by sintering AlB12 and diamond. It was found that
alloy, which consists of phase Mg, Zn, and electronic connections Mg51Zn20, MgZn2, is formed as result of effect
of temperatures of 1250 °C and a pressure of 3 GPa on mixture Mg-Zn-B. Above phases form plate-grain.
Amorphous boron is between these grains. The result of interactions in the system Mg-Zn-B-C at a temperature
above 1700 °C and a pressure of more than 7 GPa is the synthesis of diamond, the decay of electronic connections
Mg51Zn20, and the formation of MgZn2. B4C and MgB2C2 are formed at high concentrations of boron. MgO is
formed due to the presence in the mixture of oxygen impurity. It has been shown that the electrical resistivity of
the synthesized diamond powder is reduced from 1076 to 80 Ohm*cm with increasing amounts of boron from
0.007 to 1.00 % (atom) in the mixture of Mg-Zn-B-C. A further increase of boron in the charge does not reduce the
resistivity. Sintering of the specified diamond powder leads to a further reduction of the resistivity of 8-10. It was
found that the concentration of boron atoms in the diamond lattice is of (6.5-8.7)*10"18 cm”™-3 at a concentration
of boron in the growth system of 0.17 % (atom). Increasing the concentration of boron in the growth system does
not lead to a significant change in the concentration of boron atoms in the lattice of the synthesized diamond. It
was developed a synthesis method of diamond of high thermal stability category due to the formation during
synthesis in the system Mg-Zn-B-C together with a diamond the boron compounds, which are close to the
diamond on the bulk modulus and coefficient of thermal expansion. When entering these compounds in diamond
crystals as inclusions they do not cause significant residual tensile stresses.
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Haszsa HTII ykpaiHCBKOIO: Hanreepaa kepamika Ha ocHOBi AlB12 Ta anmasy 3 TBeppictio 45-50 I'Tla Ta
TPIMHOCTINKOCTIO 4,7-5 MITa*M”™1/2. A7iMa3HMI OPOIIOK BUCOKOI KaTeropii TepMocTabiibHOCTI 3 MOKa3HUKOM

MiHOCTI, Mo BignoBimae mapkam AC6-ACI15.

Hazpa HTII aHrsiicbKo0: Superhard ceramics based on AlB12 and diamond with a hardness of 45-50 GPa
and a fracture toughness of 4.7-5 MPa*m~™1/2. Diamond powder of the high thermal stability category with the
strength, corresponding to the brand AC6-AC15.

HTII, aKy nepenba4asiocss CTBOPHTH:

IIpuunnu, yepe3s saki HTII ne 6ysio cTBOpeHoO:

OTpumaHi pe3yJbTaTH:

l'asmy3b 3acTocyBaHHs: D DI 26.81.0 BupoGHUIITBO a6pasiBHUX BUPOGIB
PeectpanifiHuii HOMep KapTKH TEXHOJIOTIi:

Onuc HTII: Cnikanusam npu BCOKOMY THCKY MOPOIIKIB anmMasy Ta AlB12 oTpumaHo HafTBepy Kepamiky 3
TBeppicTio 45-50 I'Tla ta TpimuHocTiiikocTio 4,7-5 MITa*M ™1 /2. Po3po6s1eHO CrIoCci6 CUHTe3y ajMa3y BUCOKO]
KaTeropii TepMoCTabiIbHOCTI 32 paXyHOK YTBOPEHHS B IIpolieci cuHTe3y B cuctemi Mg-Zn-B-C cnosyk 60py, sKi
6s1M3bKi 10 aIMa3y 32 06'eMHUM MOyJIEM Ta KOe]illieHTOM TeMIIEPAaTyPHOro po3mupeHHs. [Ipy BXOIKEeHHi
BKa3aHUX CIIOJIYK B KDUCTAJIM aJIMa3y SIK BKJIIOYEHb BOHY HE BUKJIMKAIOTh 3HAYHUX 3aJIMIIKOBUX HAIIPYKEHb

pO3TAry.
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