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1. OJEP)KAHHS, CTPYKTYPA TA BJIACTUBOCTI CITPSIMOBAHO 3AKPUCTAJII3SOBAHHMX CILJIABIB CUCTEM B4C-
NbB2-SiC i B4C-TaB2-SiC
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Pedepar:

1. lucepTarniiina po6oTa MprucBsYeHa BUBYEHHIO CIIPSIMOBAHO 3aKpUCTaJi30BaHuX cryaBiB cucteM B4C-NbB2-SiC i
B4C-TaB2-SiC, 30kpema 4OCIiIKEHHIO iX CTPYKTypH, pazoBoro ckiamy, Gisuko-mMexXaHiuHuX i
BHCOKOTEMIIEPATYPHUX BJIACTUBOCTEH, @ TAKOXK 3aKOHOMIPHOCTEN CTPYKTYPOYTBOPEHHS KBA3iMOTPIHUX
€BTEKTUYHUX CIJIaBiB. ABTOPOM IIPOAaHasi30BaHO BJIACTUBOCTI KOMIIOHEHTIB JOCIIII)KYBAHUX CUCTEM, PO3TJISHYTO

METOOHN OTPUMAaHHS CIIPSIMOBAHO SHKPHCTaJIiSOBaHI/IX E€BTEKTUYHUX CI'IJIaBiB, MMPOBEAEHO OIJIAN I'[O,I[BiﬁHPIX



€BTEeKTUYHUX cucTteM Tuny B4C-MeB2, SiC-B4C i SiC-MeB2 Ta noTpiiiHux eBreKTnyHux cucrem B4C-MedB2-SiC.
Po3ryisiHyTO 0COBJIMBOCTI CTPYKTYPOYTBOPEHHS B €BTEKTUYHUX CUCTEMAaXx i IIpOaHasli30BaHO MexXaHiuHi BJIaCTUBOCTI
CIIPSIMOBAHO 3aKPUCTAJi30BaHMUX CIJIaBiB. 3a JOMIOMOroio MeTanorpadiqyHoro aHasizy BU3HA4€HO €eBTEKTUYHUI
ckiaf cnnasiB cuctem B4C-NbB2-SiC i B4C-TaB2-SiC: B4C-(15-20)NbB2-(33-40)SiC Ta B4C-(8-12)TaB2-(38-42)SiC
(Mo11. %) BifnoBigHO. Yieplie eKCliepuMMEeHTalbHO OTPUMaHO TpUQasoBi eBTeKTUYHI komno3utu B4C-NbB2-SiC i
B4C-TaB2-SiC i3 piBHOMIPHOIO CTPYKTYPOIO B3[JOBXK YChOTO 3pa3Ka. YCTAHOBJIEHO, IO €BTEKTUYHA CTPYKTYpa
craBiB cuctemu B4C-NbB2-SiC mictuts Tpu dasu: B4C, NbB2, SiC. Tpudazora eprexkTrka (B4C-15NbB2-35SiC
MOJIL. %) Ma€ JlaMeJISIPHY CTPYKTYPY, B SIKill Kap6if 60py BUCTYIIA€ SIK MAaTPULS 3 PIBHOMIPHO PO3NOIiIEHUMU 10
BCbOMY 00'€MY BKJIIOUEHHSIMU KapOiny KpeMHilo Ta Aubopuay Hiobito. [17151 KOMIIO3UTIB y [TOIIEPEYHOMY 10
BHPOIILlyBaHHSI HAlIPSIMKY CIIPSIMOBaHOIO € TekcTypa (a3 NbB2 y Hanpsimky (100), SiC - y Hanpsimky (111) Ta B4C -y
HanpsMKy (104). Haii6insm HanpasieHowo € ¢asa SiC y HanpsaMmKy (111), K y MO30BXXHbOMY, TaK i B [IONIEPEYHOMY JO
BUPOLIYBAaHHS HAMPSIMKAX, 17181 SIKOi po3paxoBaHuil gpakTop JloTrepuHra jexxuTb y mexax 0,8-0,9. CTpyKTypHi
CKJIanoBi y TpM(a30Bill eBTEKTHUL MaIOTh Takuil po3mip: B4C - 4-6 MM, NbB2 - 1-3 mMkM, SiC - 2-3 mxM. BusHaveHi
Taki MexaHiYHi BaCTUBOCTi eBTeKTUYHOro komnosurty B4C-15NbB2-35SiC: tBepzicTs 3a Bikkepcom (35,8 I'T1a),
TPilMHOCTINKICTb 32 HaBaHTaXeHH 9,8 H (6,4 MIla-m1/2), mogynb FOHra 3a imnysabcHUM MeTonoMm (462 I'Tla),
IIMTOMA eJIEeKTPOIPOBiTHICTS (2,85-5,36x104 Cm/M); mocigkeHo KoedillieHT TePMIYHOTO PO3LIMPEHHS Y IPOMIKKY
temnepatyp 22-1600 °C, miuHicTb Ha 3rMH 3a KiMHaTHOI Temrneparypu (220 MIla) ta 3a 1600 °C (395 MIla).
CrpykTypa Tprugas3oBoro eBTeKTUYHOro komnosura B4C-8TaB2-40SiC (Moi1. %) siBjIsie COO0I0 PiBHOMIpPHY
Tpu(a3oBy eBTEKTUKY cucteMu B4C-TaB2-SiC amesiIpHOro TUIy 110 BCbOMY 06’€My 3pa3Ka, B sIKill MaTPULIEIO
BUCTYIIae Kap6in 60py, a SiC ta TaB2 € apmytounmu dazamu. 3aranom ciiasu cuctem B4C-TaB2-SiC ta B4C-NbB2-
SiC mMaloTh 1of1i6Hy €BTEKTUYHY CTPYKTYPY. PeHTreHo¢a30BuMil aHasli3 1I0Ka3aB HASBHICTh JIMIIE TakKuX ¢a3: Kapoiny
kpeMHilo (SiC), kap6iny 60py Ta Au60puUAY TaHTaly; )KOAHUX iHIKX (a3 He BUSIBJIEHO. BCTaHOBJIEHO B3a€MO3B'S130K
MIX IIBUIKICTIO KpUCTai3allii Ta JIiHINHUM ITapaMeTPOM €BTEKTUYHOI CTPYKTYPHU BiANOBIIHO 0O PiBHSHHS
JI>xekcoHa — XaHTa. BUsHa4YeHO TaKi MEXaHiYHi BJJaCTUBOCTI €BTEKTUYHOTO Komrio3uta B4C-8TaB2-40SiC: tBepaicTb
3a Bikkepcom (33-34 I'Tla), TpimnHOCTINKICTb 32 HaBaHTaxXeHHs 9,8 H (3,9 MIla-m1/2), nocinkeHo KoedilieHT
TE€PMIUHOro po3MmMpeHHs y MpoMixkKy 22-1600 °C. ITokasaHo, 1m0 3i 361/1bIIEeHHSIM MBUIKOCTI KpUCTai3auii Bifg 1 1o
10 MM /XB. BiiOyBa€eTbCsl 3MEHIIIEHHS PO3MipiB CTPYKTYPHUX CKJIALOBUX Bif 5,2 - 9,5 MKM 110 1 - 3 MKM.
ExcriepruMeHTasbHi JOCHiIKEHHSI MIKDOMEXaHIYHMX BJIACTUBOCTEN I10Ka3aJiy, 10 TBEPLICTh 3a BikkepcoM i
TPIIMHOCTINKICTb 3pOCTAIOTh 3i 30i/IbIIEHHSIM MIBUIKOCTI KpUCTAi3allii SIK y MO30BXKHbOMY, TaK i B IOIIEPEYHOMY
IO BUPOIIyBaHHS HaNpsiMKax. 30i7bIIeHHS TBEPLOCTI 3 MifBUIIEHHSIM MBUIKOCTI KPUCTaJIi3aLlii ClIpSIMOBAHO
3aKpuCTasizoBaHux ciasiB cucteM B4C-NbB2-SiC i B4C-TaB2-SiC BingbyBaeTbcs 1oi06HO [0 IpaBuia
Xonna-Iletya. Ilo cTocyeThCs TPILMHOCTIMKOCTI, TO 3MEHIIEHHS PO3MIpPIiB CTPYKTYPHUX CKJIAOBUX CIIpUsIE
3MEHIIEHHIO KPUTUYHOIO PO3MIPY 3apOIKOBOI TPIlljMHY, IKa MOXKE YTBOPUTHMCS IIPY HaBaHTaXKEHHI. Lle TakoxX €
XapaKTePHUM [1J1s1 CIIPSIMOBAHO 3aKPUCTANI30BaHUX KEPAMiUHUX €BTEKTHUK i CIIPUSIE MiIBUILIEHHIO X MEXaHIYHUX
BJIACTMBOCTE. Pe3ysIbTaTy aHasi3y NOMUPEHHS TPIlMHY MicJIsl iHI@HTYBaHHS CBiYaTh, 1110 HANOIIbII JIETKO
TPilllMHA IPOXOIUTH IO AiISTHKAaX MaTprU4HOi (a3 Kapbigy 60py abo BKIIOYEHb Kapbiny KpeMHilo. BomHovac
HasIBHICTb Y CTPYKTYPi BKJIIOY€HDb Kapbily KpEMHIIO i IubGOpUIiB MPUBOLUTS, K [IPAaBUJIO, 260 IO 3MiHU HaIIPSIMKY
NOIIMPEHHS TPilMHYU, TOOTO 10 ii BinxuseHHs, abo B3arasi [0 ii 3ylInHKHY, 1110 CBOEIO YEPIOI0 CIPUSIE MiABUILEHHIO
eHeprii pyliHyBaHH: i, OTXe, TPIlMHOCTIMKOCTI KoMIio3uTa. [IpoaHanizoBaHO 0COOJIMBOCTI CTPYKTYPOYTBOPEHHS Ta
BCTaHOBJIEHO M€XaHi3M pocTy Tpr(da30Boi YOTUPUKOMIIOHEHTHOI €BTeKTUKY B cucteMi B4C-NbB2-SiC, BinnosinHo
II0 SIKOTO KpucTasisalis Tpudazonoi eBTekTUKY (B4C+NbB2+SiC) BinbyBaeThcs K 6e31epepBHUI CyMiCHUH picT
IeHIpUTHUX (a3, Konu ABo¢asoBa CTPYKTypHa ckianosa (SiC+NbB2) pocTte B KoollepaTUBHOMY PEKUMI, 8 TPETS
¢aza B4C CMHXPOHHO pOCTE B aBTOHOMHOMY. [106y10BaHO [TPOCTOPOBY MO/I€JIb €BTEKTUYHOI KOMIPKU J151 CUCTEMU
B4C-NbB2-SiC.

2. The dissertation is devoted to the study of directionally crystallized alloys of the B4C-NbB2-SiC and B4C-TaB2-
SiC systems, in particular to the study of their structure, phase composition, physical-mechanical and high-
temperature properties, as well as regularities of structure formation of quasi-triple eutectic alloys. The author
analyzes the properties of studied systems' components, considers the methods of obtaining directionally



crystallized eutectic alloys, reviews double eutectic systems such as B4C-MeB2, SiC-B4C, and SiC-MeB2 and
ternary eutectic systems B4C-MedB2-SiCd. Features of structure formation in eutectic systems were considered,
mechanical properties of directionally crystallized alloys were analyzed. The eutectic composition of alloys of the
B4C-NbB2-SiC and B4C-TaB2-SiC systems was determined by metallographic analysis: B4C-(15-20)NbB2-(33-
40)SiC and B4C-(8-12)TaB2-(38-42)SiC (mol.%), respectively. Ternary eutectic composites B4C-NbB2-SiC and B4C-
TaB2-SiC with a uniform fine structure along the entire sample were experimentally obtained. It is established that
the eutectic structure of the B4C-NbB2-SiC system contains three phases: B4C, NbB2, SiC. The ternary eutectic
(B4C-15NbB2-35SiC mol.%) has a lamellar structure in which boron carbide acts as a matrix evenly distributed
throughout the volume inclusions of silicon carbide and niobium diboride. For composites in the transverse
direction, there is a directed texture of phases of the NbB2 in the direction (100), SiC in the direction (111), and B4C
in the direction (104). The most directional phase is the SiC phase in the direction (111), both in the longitudinal and
in the transverse directions, for which the calculated Lotgering factor is in the range of 0.8-0.9. The structural
components in the ternary eutectic have the following sizes: B4C - 4-6 pm, NbB2 - 1-3 ym, SiC - 2-3 ym. The
following mechanical properties of the eutectic composite B4C-15NbB2-35SiC were determined: Vickers hardness
(35.8 GPa), fracture toughness under load 9.8 N (6.4 MPa-m1/2), Young's modulus by the impulse method (462
GPa), electrical conductivity (2.85-5.36x104 Cm/m); the coefficient of thermal expansion in the range of 22-1600
°C, flexural strength at the room temperature (220 MPa) and 1600 °C (395 MPa) were investigated. The structure of
the ternary eutectic composite B4C-8TaB2-40SiC (mol.%) is a uniform ternary eutectic system B4C-TaB2-SiC of a
lamellar type throughout the volume of the sample, in which boron carbide is the matrix, and SiC and TaB2 act as
reinforcing phases. In general, the systems B4C-TaB2-SiC and B4C-NbB2-SiC have a similar eutectic structure.
The X-ray phase analysis showed the presence of only the following phases: silicon carbide, boron carbide, and
tantalum diboride; no other phases were detected. The correlation between the crystallization rate and the linear
parameter of the eutectic structure was established. The following mechanical properties of the eutectic
composite B4C-8TaB2-40SiC were determined: Vickers hardness (33-34 GPa), fracture toughness under a load of
9.8 N (3.9 MPa-m1/2), the coefficient of thermal expansion in the range of 22-1600 °C was investigated. The
influence of crystallization rate on the structure and properties of the obtained composites has been investigated.
Increasing the crystallization rate leads to a change in the morphology of inclusions from the plate-like one to
more lamellar, as well as to a natural size reduction of the structural components. Experimental studies of
micromechanical properties have shown that Vickers hardness and fracture toughness increase with increasing
crystallization rate in both the longitudinal and transverse to the growth directions. The increase in hardness with
increasing the rate of crystallization of the directionally crystallized alloys B4C-NbB2-SiC and B4C-TaB2-SiC
occurs similarly to the Hall-Patch rule. The analysis of crack propagation after indentation showed that the crack
most easily passes through the areas of the matrix phase of boron carbide or silicon carbide inclusions.However,
the presence of silicon carbide and diborides inclusions in the structure leads either to a change in the direction of
motion, ie deviation of the crack, or to its cessation in general, which, in turn, increases the fracture energy and,
consequently, fracture toughness of the composite. Peculiarities of structure formation were analyzed and the
mechanism of growth of the ternary four-component eutectic in the B4C-NbB2-SiC system was established.
According to this mechanism, crystallization of ternary eutectic (B4C-NbB2-SiC) occurs as continuous compatible
growth of dendritic phases, while the two-phase structural component (SiC-NbB2) increases in the cooperative
mode, and the third phase B4C grows synchronously in the autonomous mode. A spatial model of an eutectic cell
for the B4C-NbB2-SiC system was constructed.
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