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1. BB ¢a3o0- Ta CTPYKTYPOYTBOPEHHS B YMOBAaX iCKPOILJIa3MOBOTO CITiKaHHS Ha (POpPMyBaHHS BJIACTUBOCTEN

oKkcupHUX Kepamik B60O, Ce0,8Sm0,201,9

2. Influence of phases and structure forming under spark plasma sintering conditions on properties of oxide
ceramics B60, Ce0.8Sm0.201.9

Pedepar:

1. luceprarifina po60oTa MpucBssYeHa CTBOPEHHIO Qi3MKO-XiMiYHUX OCHOB OJIep>KaHHS BUCOKOIIIJIbHOI Kepamiku
B60, B60-B4C ta Ce0,8Sm0,201,9 3 nigsunieHUMHU Piznko-mMexaHiYHUMU BJIACTUBOCTSIMU HIJISIXOM KOHTPOJIIO
[IpOLIeCY CUHTE3Y Ta YLIiJbHEHHS B YMOBax icKponsa3moBoro crikanHs (IT1C). ExcriepuMeHTanbHO BCTaHOBIEHO
BILJIMB IIapaMeTPiB MpoLecy CUHTe3y rpy aTMmocdepHOMY TUCKY Ta B ymoBax II1C Ha ¢azoBuii ckiag ta
IycrepcHicTb nopouky B60. 3anponoHoBaHo BupilleHHs npobyiemu nudysii rpadity 3 MaTpulli B IOPOLIKOBE TijIO
i yac II1C. 3anponoHoBaHO Ta ONTUMI30BaHO METOAMKY OTPYMMAaHHS LIiJIbHOI KepaMiku B60 3 rOMOTr€HHOI0
CTPYKTYpOIO Ta 3a1aHuM ¢a3oBuM ckiaagom metonom IT1C. Po3pobieno kepamiyHi komnosutu B60-B4C ta
M0Ka3aHo, o ckaag 90mac.%B60-10mac.%B4C e ontumanbHuMm i Mae TBepaicTs 40,8+1,3 I'Tla Ta TPILIMHOCTINKICTD



4,8+0,2 MIla-m1/2. TIoka3aHO BUCOKY €(EKTUBHICTb METOY OGHOCTANIMHOIO PEAKLiMHOTO CUHTE3Y / CIliKaHHS
kepamiku B60 B ymoBax II1C Ta ONTHMi30BaHO TeMIIEPATyPHO-YaCOBi IapaMeTpH MIpoLeCy. BCTaHOBIEHO
3aKOHOMIPHOCTI MiJBUIEHHS MEXaHIYHMX BJIACTUBOCTEH 1JISIXOM IOPiBHSAHHS 3aCTOCYBaHb yMOB II1C Ha pi3HUX
CTaJisIX - CUHTE3y Ta/4U CIiKaHHS. Pe3ynbTaToM AOCIiIPKEeHHS IPOLECY OJHOCTALiiHOTO CUHTE3Y / ClIiKaHHSI B
ymoBax ITIC e oTpuMaHHS HaBUIIUX 3Ha4Y€Hb TBEPHOCTI 36,7+1,2 I'Tla Ta TpimuHocTiiikocTi 4,2+0,1 MIla-m1/2
kepamiku B60O. [IpoBeieHO KOMIUIEKCHE AOCiI)KEHHS BIUIMBY CTPYKTYPHUX I1apaMeTPiB Ha €JIEKTPUYHY
npoBigHicTh enekrposaity Ce0,8Sm0,201,9. [TokasaHo JieBicTh MeXaHi3My cTabimni3alii rpaHulb 3epeH
HaHOCTPYKTYPHOI KEpaMiKy LJIIXOM HU3bKOTEMIIEPATYPHOTO Biflllajly Ha MOBITPI, 10 J03BOJISE Peali3yBaTy YiTKUn
KOHTPOJIb KiHLIEBOT'O PO3MIPY 3€pHa i I'yCTUHY, Ta 3a6€e3e4YnT HaCUUeHHS IPaHMLb 3€PeH KUCHEM JJ1s1 OTPUMaHHS

0akaHOI CTPYKTYpU Ta MiJIBUILIEHHS 3€PHOrPAaHNYHOI CKJIAZ0BOi €JIEKTPUYHOI IIPOBiITHOCT] €J1EKTPOJIITY.

2. The aim of the present study is to develop physical and chemical principles of fabrication of dense oxide
ceramics B60, Ce0.8Sm0.201.9 by SPS. The influence of synthesis parameters at atmospheric pressure on phase
composition and crystallite size of the B60 powder was investigated. The mixture of B203 and amorphous B with
mole ratio 1:14 is shown to react and form B60 during SPS and conventional treatment. The optimum SPS
temperature and time to obtain B60 phase are 1250 °C and 30 min, respectively. The Rietveld refinement of the
XRD patterns indicates that the oxygen occupancy of B60x is reasonably high at x=0.89. Electron micrographs
have shown that each star shape particle have five unique vertices with thickness of around 40 nm. This
contribution, for the first time, reports the consolidation of hard and tough B60 bulks using the SPS technique.
The influence of types of protection, i.e. inner surface of graphite die wrapped only with graphite foil, BN coating,
and tantalum foil on phase compositions and properties of bulk ceramic was studied. As a result, tantalum foil was
proposed to prevent carbon diffusion from the die to the sample. Thus SPS-ed specimens with densities of >=98%
was obtained, while the combination of hardness of 34 GPa and fracture toughness of 4 MPa m1/2 was achieved.
The influence of B4C content on phases composition of B60-xB4C (x=0, 3, 5, 10, 20, 40 wt%) composite ceramics
was elucidated in the present work. Ceramics fabricated by SPS demonstrated a significant improvement in the
mechanical properties. Dense B60-10wt%B4C composite material with hardness higher than 40GPa and fracture
toughness of 4.82 MPa?m1/2 was obtained. A one-step in-situ reactive SPS for fabrication high dense B60 ceramic
was designed and applied for the first time. The prepared B60 dense ceramic has Vickers hardness (36.7+1.2 GPa)
and fracture toughness (K1C=4.2+0.15 MPa.m1/2) comparable with the highest values reported in the literature for
the bulks obtained from already reacted B60 powders (ex situ routes). A comprehensive study of the influence of
structural parameters on the electrical conductivity of the electrolyte Ce0.8Sm0.201.9 was carried out. The
influence of spark plasma sintering parameters on microstructure and electrical conductivity of the ceramics was
investigated. The effectiveness of low-temperature post-SPS annealing in air to compensate the oxygen deficient
on the grain boundaries nanostructural ceramics was demonstrated. As a result, higher grain boundary
conductivity of the electrolyte was achieved.
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