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V. BimomocTi npo gucepraniio
Moga guceprariii:
Koau TemaTuyHuX pyopHK: 30.19.63, 31.15.30

Tema guceprauii:
1. PeakuifiHu1 CUHTE3 Ta CTPYKTYPHE KOHCTPYIOBAaHHS OOP-MICTKUX KepaMiyHUX MaTepiaiB

2. Reactive sintering and structure design of boron-containing ceramic materials

Pedepar:

1. Po3po6s1eHO MOJI€JIb 4J151 PO3PaxyHKY TPIIMHOCTIMKOCTI Ta €HEPrii pyMHyBaHHS KEPaMiYHOTO KOMIIO3UTY i3
YPaxyBaHHSM MOJKJIMBOCTI 3aTPUMKH TPIlIMHU Ha MEXi po3ainy nepep ¢pasomwn i3 Bumum moayaem KOHra ta
BUTMHAHHA ii PPOHTY MK MiCLISIMU 3aTPUMKU I1epes; OCTaTOYHUM PYHHYBaHHSIM Marepiaiy. 3a J0IIOMOro
3aIIPOIIOHOBAHOI MOJI€JIi BCTAHOBJIEHO, 110 K BUCOKOMO/YJIbHI, TaK i HU3bKOMOJYJIbHI BKJIIOUEHHS MOXYTh
[IOKpAIllyBaT MEXaHiuHi XapaKTePHUCTUKU KEPaMiKy Ta HAIJaHO PEKOMEHallii MO0 CTPYKTYPHUX OCOOIMBOCTEN
KOMIIO3UIIHNX MaTepiaJliB i3 BKIIOUEHHSIMU KO>XKHOTO 3 TUIIIB. B pe3ysbTati JOCTiIKeHHS MEXaHi3MiB IIPOTiKaHHS
€K30TepPMIUHUX peakliil Ta GOpMyBaHHS 3epeH HOBOYTBOPEHHUX TYTOIJIAaBKUX a3 Oysi0 PO3PO6IEHO METOIUKY
TBepP0(A3HOT0 PEeaKLilfHOTO CUHTE3Y FeTEPOMOIYJILHUX MaTePialiB i3 CyOMiKpOHHUMU IpadiTOBUMU
BKJIIOUEHHSIMU IIJISIXOM Iapsyoro InpecyBaHHs nopoukosux cymimen cuctem TiC-B4C, HfC-B4C, WC-B4C, TiC-

B4C-Si, a Tako>X METOIUKY pigKo(da3HOro peakiiliHOro CUHTe3y Kepamik i3 KpyIIHUMHU BUCOKOMOZYIbHUMU



BKJIIOYEHHSIMU LIJISIXOM rapsi4oro npecysanss muxt Ti-Al-B203, Ti-Al-B203-TiB-2, Cr203-Al-TiB2, B203-Al-C-
TiB2. JocmimkeHHs TPILMHOCTIUKOCTI Ta MiLIHOCTI OJeP>KaHUX KepaMiYHUX MaTepiasiB MiATBePAUIO BUCOKI

MEXaHiYHi XapaKTEPUCTUKHU 3aIIPOIIOHOBAHUX KOMIIO3ULIIMHUX CTPYKTYP.

2. Amodel for ceramic composite fracture energy and toughness estimation has been developed as a theoretical
basement for structure optimization. The model allows to estimate the effects of fracture delaying in interfacial
border before the phase with higher Young’s modulus, and the possibility of crack front bending between stoppers
before the final material destruction. Henceforth, two types of composite structure were shown to be optimal for
ceramic mechanical characteristics improvement: - fine matrix with rough (more than 30um) inclusions of higher
Young’'s modulus; - high-E matrix with 10 - 15vol.% of submicron voids or soft inclusions of graphite or graphite-
like boron nitride. The purpose of further investigation of refractory phase formation mechanisms was the
development of reaction sintering approach to such structures creation. To introduce submicron graphite
inclusions into high-E boride-based matrix, a sequence of ceramic samples was made by means of titanium and
boron carbides powder mixtures hot pressing at 1800 - 1950m, 30MPa for 16 min. X-ray diffractometry of sintered
materials showed that high-temperature annealing of the charges provoked reaction, resulting titanium diboride
and graphite appearing. The investigation of mechanical characteristics of TiB2-TiC-C, TiB2-B4C-C, and TiB2-C
(depending on the initial powder composition) ceramics allowed concluding that both microhardness and fracture
toughness of sintered materials depended on graphite content mostly. While hardness decreased monotonically
with soft phase fraction increasing, fracture toughness had clear maximum at ~12vol% of graphite. The obtained
K1C on soft phase content dependence correlated with model estimations. Mechanical characteristics of created
materials amounted: KIC = 10+0.4MPaom1/2, HV = 24+1GPa. Experimental investigation of TiC - B4C reaction and
corresponding heteromodulus composite structure formation mechanisms is also presented. The reaction
between titanium and boron carbides is shown to begin at 1100 - 12000 with boron atoms in titanium carbide grains
accumulation near interphase contact areas and consequent titanium diboride nanoplates along TiC (111) layers
appearing. Considerable reaction acceleration at 1600 - 1800o is caused by boron from B4C sublimation and its
transfer to all free TiC surfaces. The TiB2 flakes growth inside titanium carbide crystals causes tensile stress
increasing and submicron TiC particles breaking from parental grain surface. Thus sublimated boron can condense
on fresh carbide plains and the reaction progresses avoiding the necessity of boron through titanium diboride solid
phase diffusion. Carbon captured between new formed TiB2 nuclei, segregates as submicron platelets in TiC-TiB2
interface creating the optimal heteromodulus composite structure. Temperature dependences of titanium and
aluminium transformation degree into corresponding refractory phases while annealing AI-B203, Ti-B203 and Ti-
Al-B203 mixtures at 900 - 14000 showed that aluminium to titanium and boron oxide powders addition improves
both titanium diboride and alumina formation. Similar investigation of Al-Cr203-B203 system revealed the third
component (boron oxide) addition results reaction excitation temperature decreasing by 3000. The main feature of
three-component system phase composition evolution is fusible TiAl3 or CrBO3 intermediate compounds
appearance on titanium or chromium oxide grain surface respectively. A mechanism of three-component system
reaction is shown to be precursor dissolution in intermediate compound melt, followed by refractory TiB2, CrB
and Al203 products from the liquid nucleation. As refractory phase formation in Ti-Al-B203 can be completed at
1400n for tens of seconds we decided to investigate the possibility of bulk material sintering in the system. The
reaction between titanium, boron oxide and aluminium is shown to occur with 44% volume reduction, thus the
compact composite structure is forming through three consequent stages. The first stage is porosity with
aluminium and boron oxide melts filling with pressure application. Further charge heating leads to reaction
completion and secondary porosity formation. Titanium diboride and alumina construct a hard matrix which can
be deformed if the external pressure surpasses their yield strength. The latter occurs at 16000 and 30MPa during
the third stage of sample densification when the secondary porosity disappears because of alumina grains plastic
flow and nonporous material with microhardness of 24GPa and fracture toughness of 8MPanom1/2 forms. To apply
reactive sintering method to manufacturing of ceramics with earlier estimated structure of fine matrix with rough
high-E inclusions, materials basing on Ti-Al-B203-TiB-2, Cr203-Al-TiB2, and B203-Al-C-TiB2 precursors were
produced and investigated. Composite structure of the sample made with hot pressing of B203-Al-C-TiB2 charge



at 19000 and 30MPa for 8min. presented a combination of fi
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