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Hucepramiitna poOoTa TPHUCBAYEHA BUPIIMICHHIO aKTyaJbHOI HAyKOBO-
TEXHIYHOI 3a/1adl — CTBOPEHHS apMOBaHUX KepaMiuHUX MaTtepiaiiB Ha ocHOBI B4C
Uisi poOOTH B EKCTPEMAJIbHUX YMOBax €KCIUTyartalii 3 BHUCOKMMH (Pi3UKO-
MEXaHIYHUMH BIACTHUBOCTSIMHU.

3 MeTow CTBOPEHHS apMOBaHOI Kepamiku Ha ocHoOBl B4C B poborti
pO3IIIAIAE€TECA  MOXJIMBICTE OTPUMAHHS KEpPaMiYHUX KOMIIO3HUTIB CHUCTEMU
B4C- Si- C; (ByrJemeBi BOJOKHA) 3 BAKOPUCTAHHAM METOY 1H(UIBTpAIl MOPUCTUX
3pazkiB 3 B4C posmnaBoM kpemHi0. Meton iHQIIbTpalli 103BOJISE 3MEHIIUTU
TeMIepaTypy OTPUMaHHS BUCOKOIIUIbHOI Kepamiku B4C 3 BUCOKMMU MeXaHIYHUMH
BJIACTHBOCTSIMHU.

3 METOKW JIOCHIKEHHS BIUIMBY TEXHOJOTIYHUX MapaMeTpiB  Ha
MIKPOCTPYKTYPY, (a3oBHii CKJIaJ Ta MeEXaHI4HI BIAacTUBOCTI kepamiku B4C
JTOCTKYBaIMCS 1H(IIBTPOBaHI 3pa3ku 3 PI3HOK BUXIJHOK TMOPHUCTICTIO Ta
BYTJICIIEBMICHUM TIacTU(IKaTOpOM. JlOCTIIIKEHHS MIKPOCTPYKTYpH TOKa3ajH, 110
3MCHIIICHHS BUX1JHOI MOPUCTOCTI MPU3BOAMUTH O 3MEHIIIEHHS PO3Mipy BTOPHHHHX
3epeH B4C 3a paXyHOK pO3UMHEHHS Ta B3a€EMOJIi1 BUX1IHUX YaCTHHOK 3 PO3IIJIaBOM

KpeMHil0. B Toit ke uac BimOyBaeThcsi 3miHa Mmopdosorii wactuHok SiC 3
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MPOJIOBryBaToOi 0 OaraTorpaHHOi, HEMpaBWIbHOI (GOpMHU. 3MEHIIEHHS BHUXITHOT
MOPUCTOCTI BIUIMBAE Ha (a3oBUMl cKian Kepamiku: KiibKicTh (a3 B4C Ta SiC
3MEHIIIYETHCS, @ 3aJTUIIKOBOTO KPEMHIi0 30UTbIIyeThCs. JlolaBaHHS €MOKCHUIHOT
CMOJIH B SIKOCT1 BYTJICIIEBMICHOTO IJIaCTU(IKATOpa MPU3BOIUTH 0 YTBOPEHHS (ha3u
a-SiC. OTpuMaHi 3HAYEHHS TBEPJIOCTI KEpPaMiuHHUX 3pa3KiB € BUIIMMH HIK B
1H(}1IPTPOBAHOT KepaMiKH, OTPUMAHO1 3 3aCTOCYBaHHSIM MOTIEPETHBOTO CITIKAHHS.
3 METOI0 JOCHIJKEHHSI BIUIMBY apMyBaHHS BYTJICLIEBUMH BOJIOKHAaMHM Ha
CTPYKTYpY, (a3zoBuii ckiaa Ta (i3MKO-MEXaHIYHI XapaKTEPUCTUKH KEepaMiKh Ha
ocHoBi B4C nocnimkyBanvcs iHGUIBTPOBaHI 3pa3Ky 3 0/1aBaHHSIM PI3HOTO BMICTY
(0, 5,10, 15 ta 20 mac. %) ByrieneBux BojokoH (BB) mo Buximaoro mopomky B,4C.
MeToioM pPEeHTreHOCTPYKTYPHOTO aHajli3y BCTaHOBJIGHO, IO MOTpiiiHa (daza
B12(B,C,Si); cmoctepiraetbes mns kepamikun B4C, oTpumanoi 0e3 10maBaHHS
BYIJICIIEBUX BOJIOKOH Ta 3 HU3bKUM BMICTOM BOJIOKOH (5 mac. %). B Toit xe uac
BCTAHOBJICHO, 1110 30UIBIIIEHHSI BMICTY BYTJICIEBUX BOJOKOH CHpHSIE 301IbIICHHIO
yTBOpeHoi pa3u SiC 3 0IHOYACHUM 3MEHIIEHHSIM KUIBKOCT] 3AJIMIIKOBOTO KPEMHIIO.
MertanorpadgiyHuMu JTOCTIIPKEHHSIMH BCTAHOBJICHO, IO B TMPOIECl B3aeMOJIIi
pPO3IIJIaBy KPEMHII0 3 BYIJICHIEBUMH BOJOKHAMH YTBOPIOIOTHCS KOMITO3MIIIHI
BOJIOKHA 3 CTpykTyporo «siapo (C) -ob6osonka (SiC)». BcraHoBieHO, 10
MaKCUMaJibHe 3HaueHHs MIHOCTI Ha 3ruH (510 + 27 MIla) orpuManoi kepaMiku
B4C nocsraeTbes mpu gomaBaHHl 10 BuxigHux mopomkiB BsC 10 mac. %
BYIJICIIEBUX BOJIOKOH. B Tol ke uac, HalO1ibie 3HaueHHs moayJist FOnra (380 I'Tla)
nocsiraetbest pu BMicTi BB 20 mac. %. ®pakTtorpadiyHUMU JOCIHIHKEHHSIMA
BCTAHOBJIEHO, 110 30uIblIeHHs BMicTy BB mnpusBoauTh 10 3MIHM MeXaHi3MiB
pyiinyBanHs kepamiku ByC. IlokazaHo, 1o ajii KOMIIO3HUTIB, OTPUMAaHUX 3
nonaBanHsM 5 Ta 10 mac. % BB xapaktepHmii MiXrpaHyJSIpHUM MEXaHi3M
pyWHYBaHHA, a IpU HojanbliomMy 30utblIeHH] BMIcTYy BB no 15 ta 20 mac.%
pyiiHyBaHHs BiIOYBa€ThCSI IO MEXI MiX KoMIo3utHUMH BosiokHamu SiC- C 3 3 Si
abo  SIC. 3a  JOMOMOroOK  JOCHIKeHHS  (PI3BMUHMX  BJIACTUBOCTEH

(enextponposigHocTi Ta KTP) kepamiku B4C BcTaHOBjEHO, 110 31 30UIBIICHHSIM
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KOHIIGHTpAIlii BYTJEIEBUX BOJIOKOH EJICKTPONPOBIAHICTh 30iibInyeThcsi, a KTP
3MEHIITY€ThCS.

3 METOI JOCHIDKEHHS BIUIMBY OOpOOKM B TIOJI KOHTPOJHOBAHOTO
temnepatypHoro rpagienty (KTT') ma crpykTypy, ¢azoBuil ckiiag Ta MeXaHI4UHI
BJIACTHBOCTI Kepamiku Ha ocHOBI B4C mocmimpkyBanucs nonepeaHso iH(QUIbTpoBaHi
3pa3ku B4C 3 pi3HUM rpaHyJIOMETPUYHUM CKJIAJIOM, OTPMMAaHI B pe3yJbTaTi 30HHO1
mIaBkd.  MertanorpagiyHuMHU  JTOCHIKEHHSIMH ~ OyJIO  BCTaHOBJIEHO, IO
3actocyBanHa 00poOku B KTI' in¢impTpoBanoi kepamiku B4C mpusBoauts 10
nepekpuctamzaiii B4C depe3 posmiaB KpemHIIO, 3 MOAAIBIIUM YTBOPEHHSIM
KOMITIO3MTIB 13 MIIJTHUM KapkacoMm 3 ApiOHux 3epeH B4C. B Toii jxe yac BUSBIEHO
MO>KJIMBE KOHTPOJIOBAHHS BMICTY KapOi/ly KpeMHIIO B iHQUITPOBAHOMY KOMIIO3UTI
3a paxyHOK 3MIHHM TPaHYyJOMETPUYHOTO CKJIaay BuXigHOro mopomky BsC.
Metonamu PPA Ta CEM BcTaHoBieHO, 1O 3actocyBaHHsS o0poOku B KTT'
MPU3BOUTH JI0 3MEHIIICHHS KIJIbKOCTI 3aJIMIIIKOBOTO KPEMHIIO B K€pamilll Ha OCHOBI
B4C 3a paxyHok pocty 3epeH SiC, siki 3HaxonsaTbcsi B kepamiii BysC micns
iHUbTpamii. JOCHKEHHSIMM MEXaHIYHUX BJIACTUBOCTEN BCTAHOBJICHO, IO
3actocyBanHsa 00pooku B KTT mpuzBoauTh 10 3011bI1eHHS TBEpAOCTI Kepamiku B4C
3a paxyHoK 3HauHoro BMmicty (a3 (B4C, a-SiC Ta B-SiC) 3 BHCOKOIO TBEPIICTIO.
36inbmenHs mBuakocti 00podku B KTT' 3 5 g0 10 MM/c mpu3BOAUTH 10 301TBIIICHHS
3HAUYEHHSA MIIHOCTI Ha po3puB Kommo3utiB 3 138+8 Mlla mo 169+10 Mlla 3a
paxyHOK NOAPIOHEHHS CTPYKTYpH KEpaMiku 1 pOpMyBaHHS MJIACTUHYACTUX YACTOK
B-SiC. ®dpakTorpadgiyHUMHU IOCTIIPKEHHSIMH BCTaHOBJICHO, 1m0 B Kepamiii BsC
nicass 00pooku B KTI' cnocrepiraerbcs MNO€IHAHHS I1HTEPKPUCTAIITHOTO Ta

TPaKCKPUCTAIIITHOTO MEXaHI13MIB pyHHYBaHHS.

KurouoBi ciaoBa: kap6in Oopy, Kkap0ig KpeMHIO, 1HLIBTparis,
BYTJICLIEBMICHUH TIIacTU(IKATOP, BYTJIEIEB] BOJIOKHA, MEXaHIYH1 XapaKTEPUCTHUKH,
dazoBuil CcKian, MIKPOCTPYKTypa, IOJie KOHTPOJIBOBAHOTO TEMIEPATypPHOTO

IPaJIIEHTY.



ABSTRACT

Vterkovskyi M. Ya. Creation of the reinforced ceramic materials based on
B,C for work in extreme operating conditions. - The qualification scientific work
presented as a manuscript.
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According to the materials of the PhD thesis published: 10 Papers, 3 of which
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the Ministry of Education and Science of Ukraine in the specialty of the dissertation
or in periodicals of foreign countries, 7 - publications in conference proceedings,
including international.

The dissertation is devoted to the solution of the actual scientific and technical
problem - creation of the reinforced ceramic materials based on B,C for work in
extreme conditions of operating conditions with high physical and mechanical
properties.

In order to create reinforced ceramics based on B4C, the paper considers the
possibility of obtaining ceramic composites of the B,C-Si-Cs (carbon fibers) system
using the method of infiltration porous samples with B,C silicon melt. The
infiltration method allows to reduce the production temperatures of high-density
ceramics B4C with high mechanical properties.

In order to study the influence of technological parameters on the
microstructure, phase composition and mechanical properties of B4C ceramics,
infiltrated samples with different initial porosity and carbon-containing plasticizer
were studied. Studies of the microstructure had shown that a decrease in the initial
porosity leads to a decrease in the size of the secondary B4C grains due to the
dissolution and interaction of the initial particles with the silicon melt. At the same
time there is a change in the morphology of SiC particles from elongated to

multifaceted, irregular shape. The reduction of the initial porosity affects the phase
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composition of the ceramic: the number of B,C and SiC phases decreases, and the
residual silicon increases. The addition of epoxy resin as a carbon-containing
plasticizer leads to the formation of the a-SiC phase. The obtained values of hardness
of ceramic samples are higher than those of infiltrated ceramics obtained using pre-
sintering.

In order to study the effect of carbon fiber reinforcement on the structure,
phase composition and physical and mechanical characteristics of B,C-based
ceramics, infiltrated samples with different content (0, 5, 10, 15 and 20 wt.%) Of
carbon fibers (CF) to the original powder B,C were investigated. By X-ray
diffraction analysis, it was found that the triple phase B1,(B, C, Si)s is observed for
B4C ceramics obtained without the addition of carbon fibers and with a low fiber
content (5 wt.%). At the same time, it was found that the increase in the content of
carbon fibers contributes to the increase of the formed phase of SiC with a
simultaneous decrease in the amount of residual silicon. Metallographic studies have
shown that in the process of interaction of silicon melt with carbon fibers, composite
fibers with the "core (C) -rim (SiC)" structure are formed. It is established that the
maximum value of flexural strength (510 + 27 MPa) of the obtained B4C ceramics
Is achieved by adding to the original B,C powders 10 wt. % of carbon fibers. At the
same time, the highest value of the Young's modulus (380 GPa) is achieved at an
explosive content of 20 wt. %. Fractographic studies have shown that an increase in
the content of carbon fibers to a change in the mechanisms of destruction of B,C
ceramics. It is shown that for composites obtained by adding 5 and 10 wt. % of
carbon fibers is characterized by an intergranular mechanism of destruction, and
with a further increase in the content of carbon fibers to 15 and 20 wt.% destruction
occurs at the boundary between the composite fibers SiC-C with Si or SiC. By
studying the physical properties (electrical conductivity and CTE) of B,C ceramics,
it was found that with increasing concentration of carbon fibers, the electrical
conductivity increases and the CTE decreases.

In order to study the effect of processing in the temperature gradient field

(CTF) on the structure, phase composition and mechanical properties of B,C-based
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ceramics, pre-infiltrated B,C samples with different particle size distribution
obtained by zone melting were studied. Metallographic studies have shown that the
use of treatment in CTF infiltrated ceramics B4C leads to recrystallization of B4C
through a melt of silicon, followed by the formation of composites with a strong
framework of small grains B4C. At the same time, it is possible to control the content
of silicon carbide in the infiltrated composite by changing the particle size
distribution of the original powder B,C. XRD and SEM methods showed that the
use of CTF treatment leads to a decrease in the amount of residual silicon in B4C-
based ceramics due to the growth of SiC grains that are in B4,C ceramics after
infiltration. Studies of mechanical properties have shown that the use of treatment
in CTF leads to an increase in the hardness of B,C ceramics due to the high content
of phases with high hardness. Increasing the processing speed in CTF from 5 to 10
mm/s leads to an increase in the value of tensile strength of composites from 138 + 8
MPa to 169+10 MPa due to the granulation of the ceramic structure and the
formation of like-plate particles B-SiC. Fractographic studies have shown that a
combination of intercrystalline and transcrystalline fracture mechanisms is observed

in B,C ceramics after treatment in CTF.

Key words: boron carbide, silicon carbide, infiltration, carbon-containing
plasticizer, carbon fibers, mechanical characteristics, phase composition,

microstructure, controlled temperature gradient field.
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