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1. Inceprariiina po60Ta IpUCBIYeHA JOCIIKEHHIO 3aKOHOMiIpHOCTe! (a30yTBOPEHHS, KPUCTAIYHOI CTPYKTypH,
MIKpOCTPYKTYpHY Ta MEXaHiYHUX BJIACTUBOCTEN MaTepiasiB Ha ocHOBi 6opokapbiny B4C y cucremax 3 d- Ta f-
enemenTtamu (Ti, V, Cr, Y, Nd). AKTyanbHiCTb po60TH 06yMOBJIEHA HEOOXiIHICTIO CTBOPEHHS HAJTBEPIUX
KOMITO3UTIB i3 MaJIOI0 I'yCTHHOIO, BUCOKOIO 3HOCOCTIHKICTIO, XIMIYHOIO Ta TEPMiYHOIO cTabinbHicTIO. Bopokap6bin B4C
€ TIEPCIIeKTUBHUM [1J1s1 BAKOPUCTAHHS Y MAIIMHOOYIiBHIl, aePOKOCMIiYHil, 000POHHI TPOMUCIIOBOCTSIX 3 OTJISIAY
Ha MO€IHaHHS Woro BiacTuBOCTel. OIHUM i3 IEPCIEKTUBHUX MiTXO0iB 10 MOKpalleHHs] MeXaHIYHUX BIaCTUBOCTEN
€ BBEJIEHHS aIUKTOPiB — O0PUIiB, OKCUIIB Ta,/ab0 CUJIiLMAIB MEeTaliB B 60poKap6inHy Marpulo. MeTogom
iCKpOI1JIa3MOBOTrO CIiKaHHS CUHTE30BaHO KepaMiyHi komno3utu cucrem B4C-TiB2, B4C-VB2, B4C-CrB2, B4C-YB6,
B4C-Y203, B4C-Nd203, B4C-TiSi2 Ta B4C-Ti-Si. JocnigxenHs ¢pa3zoBoro ckiany MarepiajisB Ta KpUCTaJiYHOI
CTPYKTYpH iHAMBiNyanbHUX (a3 BUKOHAHO METOJAMU PEHTI€HIBCbKOI IOPOLIKOBOi AudpakLii. MikpoCcTpyKTypy Ta
JIOKAJIbHUY PO3IIOJIIJ €JIEMEHTIB JOC/III)KEHO METOAMY CKaHYIO40I €JIEKTPOHHOI MiKpOCKOIIii Ta

€HEProJUCIepCiiiHOI PEHTTeHIBChKOI CIIEKTPCKOMii. ['YCTUHY BU3HAaY€HO METOMIOM TiIPOCTAaTUYHOTO 3BaKyBaHH4,



TBEPAICTb — METOAOM Bikkepca. Iy kepaMidyHOro marepiany B4C, CMHTE30BaHOTO METOIOM iCKPOILIIa3MOBOTO
CITiKaHHS 3 KOMEPLINHOTO [IOPOLIKY, BCTAHOBJIEHO (POPMYBAHHS IIiJIbHOI APiOGHO3EPHUCTOI CTPYKTYPU 3 BilHOCHOIO
ryctuHoo 99,5%. TBeppicTe MaTepiany ctaHoBuTh 32,6 ['Tla. BctaHOBIIEHO, 110 60poKapbifHa MaTpuLs y
CHHTE30BaHUX Marepiajiax 30epirae poM6oeIpuyHy KpUCTAJIYHY CTPYKTYPY: YTOUHEeHUH ckiap B13,12(2)C1,76(1),
ctpykTypHuit Tun B13C2, cumpon [Tipcona hR51, mpoctoposa rpymna R-3m, a = 5,60333(15), ¢ = 12,0926(5) A. Ha
OCHOBIi yTOUHEHHs KoeillieHTiB 3all0BHEHHS KpycTasorpadiyHyx no3ulliil aToMiB y CTPYKTYpi MaTpulli BUBEAEHO ii
dopmyay: B13+xC2-2x, x = 0,01-0,17. OnTUManbHU CKIAJ, 151 CTBOPEHHSI KOMIIO3UTIB 3 BUCOKMMU 3HAUYEHHSIMU
TBEPAOCTi 3HAaXOIUThCS B Mexkax x = 0,12-0,17 (apmyBanns TiB2, CrB2, NdB6). [lng cucremu B4C-TiB2 BcTaHOBIEHO,
110 TIoTlepeHsl 06poOKa cyMileil BUXiTHUX MTOPOLIKIB y MJIaHeTApHOMY KyJIbOBOMY MJIMHI cripusie GOpMYBaHHIO IIif
4ac iCKpOI1JIa3MOBOTO CITiKaHHS 6i/1bL LiiCHOI MIKPOCTPYKTYpPH Ta MiBUILIEHHIO MEXaHIYHUX BJIaCTUBOCTEN
KOMIIO3UTY. [lJ1s1 KOMIIO3UTY, 6€3 IIonepeHboi 06pOoOKM CyMillli TOPOLIKIB, TBEPAICTb CTaHOBUTL 38,8 ['Tla 3a
BimHOCHOI ryctunu 98,9%, Togi sK micyst 06po6KM y IJIaHETAPHOMY KyJIbOBOMY MJIMHI TBEPZiCTb 3pocTana 1o 41,1
I'Tla 3a BinHOCHOI rycTtuHu 99,5%, 10 CBiTYUTb PO edeKkTUBHICTh BUKopucTaHHs TiB2 sk 3minHI0BanbHOI dasu. s
komnosuty B4C-CrB2 BcraHoBseHo, 10 3a TemnepaTtypu 1800°C ¢popmyetbes geodasnuil marepian B4C-CrB2 i3
TBepaicTio 34,1 I'Tla Ta BimHOCHOIO rycTUHOIO 97,6%. [l15 KoM1io3uTiB B4C-NdB6 BcTaHOBIEHO, 1110 BUKOPUCTAHHS
[IOTIEpeIHBOTO NepeMilllyBaHHS Y KyJIbOBOMY MJIMHI 3a6e3reuye (popMyBaHHS Iifi 9ac iCKPOI1JIa3MOBOTO CITiKaHHS
6inbI OJHOPIZHOI CTPYKTYPHU. [1J1s1 LMX KOMIIO3UTIB TBEpPiCcTh CTaHOBUTb 47,3 I'Tla 3a BigHOCHOI rycTuHu 99,5%. 75
cucrem B4C-TiSi2 Ta B4C-Ti-Si BcTaHOBJIEHO, O HE3aJIEXKHO Bif CI1I0CO0Y BUCOKOTEMIIEPATYPHOI 06pOOKU
BinOyBaeTbcs popmyBaHHa (a3 TiB2, SiC Ta Si. [lepeTBopeHHSs BUxinHOro nopouky TiSi2 BinOyBaeTbCsl OBHICTIO.
Apuxkrop TiSi2 g kKepaMmiyHUX MaTepiajliB, CHHT€30BaHUX METOJIOM iCKPOILIa3MOBOTO CITiKaHHS, IEMOHCTPYE
TBepgicTh 43,9 I'Tla 3a BinHOCHOI rycTtrHu 99,5%. GopMyBaHHS HAITBEPIOro KEPaMiuHOrO KOMIIO3UTY 3yMOBJIEHO
OJJHOYaCHUM yTBOPEHHSM apmytounx (a3 TiB2 Ta SiC 6e3nocepeHbo mif yac cnikaHHs. BcTaHOBIEHO
B32€MO3B'I30K MK ()a30BUM CKJIAZIOM, MIKPOCTPYKTYPOIO, BiITHOCHOIO T'yCTUHOIO Ta TBEPiCTIO KOMIIO3UTY Ha
ocHOBi B4C. Onep>kaHi pe3ysibTaT MOXKYTb 6YTH BUKOPUCTAHI [1711 CTBOPEHHS BUPOOiB HAa OCHOBI HAJTBEPAMX
KOMIIO3ULIiNHMX MaTepiasiB 3 Matpulieio B4C, 30kpeMa, kepamiuni komnosutu cuctem B4C-Nd203 ta B4C-TiSi2
MO>KHA PEKOMEHYBaTU JI1 BUTOTOBJIEHHS €JIEMEHTIB iHIMBilyabHOTO Ta KOJIEKTUBHOTO 3aXUCTY,
OpOHEIOKPUTTIB, KOHCTPYKLIMHOI KEpaMiKy, a TAaKOX iHIIWX JeTajlel, 10 IPalol0Th B YMOBaX BUCOKUX MEXaHIYHUX

HaBAaHTA>XEHb.

2. The dissertation work is devoted to the study of the regularities of phase formation, crystal structure,
microstructure and mechanical properties of materials based on borocarbide B4C in systems with d- and f-
elements (Ti, V, Cr, Y, Nd). The relevance of the work is due to the need to create superhard composite materials
with, in addition to high hardness, low density, high wear resistance, chemical and thermal stability. B4C is
consequently promising for use in many industries, in particular mechanical engineering, aerospace, and defense
industries. One of the promising approaches to improving mechanical properties is the introduction of additives -
borides, oxides and /or silicides of different metals into the borocarbide matrix. Ceramic composites in the
systems B4C-TiB2, B4C-VB2, B4C-CrB2, B4C-YB6, B4C-Y203, B4C-Nd203, B4C-TiSi2, and B4C-Ti-Si were
synthesized by spark plasma sintering. The phase composition of the synthesized materials and the crystal
structure of individual phases were studied by X-ray powder diffraction. The microstructure and local distribution
of the elements were studied by scanning electron microscopy and energy-dispersive X-ray spectroscopy. The
density was determined by the hydrostatic weighing method, and the hardness by the Vickers method. For the
ceramic material B4C, synthesized by spark plasma sintering from commercial powder, the formation of a dense
fine-grained structure with a relative density of 99.5% was established. The hardness of the material was 32.6 GPa.
It was established that the borocarbide matrix in the synthesized materials retains a rhombohedral crystal
structure: the refined composition was B13.12(2)C1.76(1), structure type B13C2, Pearson symbol hR51, space group
R-3m, a = 5.60333(15), ¢ = 12.0926(5) A. Based on the refined occupancies of the crystallographic positions of the
atoms in the matrix structure, the formula was: B13+xC2-2x, x = 0.01-0.17 (for all of the synthesized materials). The
optimal composition for creating composites with optimized mechanical properties is within x = 0.12-0.17
(reinforcement observed for TiB2, CrB2, NdB6). For the B4C-TiB2 system, it was found that pretreatment of the



initial powder mixtures in a planetary ball mill contributes to the formation of a more uniform microstructure
during the spark plasma sintering and an enhancement of the mechanical properties of the composite. Without
pretreatment of the powder mixture, the hardness of the composite was 38.8 GPa at a relative density of 98.9%,
while, including a pretreatment in a planetary ball mill, the hardness increased to 41.1 GPa at a relative density of
99.5%, which indicates the advantages of using TiB2 as a strengthening phase. For the B4C-CrB2 composite was
established that, at a temperature of 1800°C, a two-phase material B4C-CrB2 with a hardness of 34.1 GPa and a
relative density of 97.6% was formed. For composites of the B4C-NdB6, a significant effect of a pretreatment of the
starting powders in a planetary ball mill on the microstructure and hardness of the material was established. For
composites the hardness was 47.3 GPa at a relative density of 99.5%. For the systems B4C-TiSi2 and B4C-Ti-Si it
was established that regardless of the method of high-temperature treatment, TiB2, SiC and Si phases were
present in the composite. The conversion of the initial TiSi2 powder was complete. The TiSi2 adduct for ceramic
materials synthesized by the spark plasma sintering method exhibited hardness 43.9 GPa at a relative density of
99.5%. The formation of a superhard ceramic composite is due to the simultaneous formation of reinforcing TiB2
and SiC phases during sintering. Relationships between the phase composition, microstructure, relative density,
and hardness of B4C-based composites has been established. The results obtained can be used to create products
based on superhard composite materials with a B4C matrix. In particular, ceramic composites of the B4C-Nd203
and B4C-TiSi2 systems can be recommended for the manufacture of individual and collective protection elements,
armor coatings, structural ceramics, as well as other parts operating under high mechanical loads.
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rOJIOBH pagu

BaacHe IlpizBuime Im's [10-6aTbKOBI [Tapsox Bosiopumup BacuiiboBud
rOJIOBYIOYOrO Ha 3acigaHHi

BigmoBizasibHU 32 MiATOTOBKY ’Kak Osbra BonopnmupisHa
00JIIKOBHX JOKYMEHTIB

PeecTparop IOpuenko TeTssHa AHaTOJiIBHA

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 3a peecTpallilo HAayKOBOIi IOpuenko TeTsHa AHaTosiiBHA

OisIIBHOCTI




