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Pedepar:

1. Bupo6u 3 kap6iny 60py MaioTh YHiKaJIbHE MTOENHAHHS BJIACTUBOCTE: BUCOKY TBEPLiCTh, BUCOKUI MOLYJIb
IIPY’KHOCTI, BUCOKY TEIJIOIIPOBiIHICTD, CTIMKICTh IO arpeCUBHUX cepenoBull,. KoBaseHTHa NpUPoOAa XiMiYHOTO
3B's13Ky poOUTb Kap6ig, 60py BaKKOYIIJIbHIOBAHUM MaTepiasioM i OTpebye 3aCTOCYBaHHS TEMIIEPATYp CIiKaHHS, SKi
cknagaotees 0.9-0.95 T nnaBneHHs. BUKOPUCTOBYIOTh TaKi METOM CIIKAHHS K rapsiye npecysanHs, II1C, ski
nepen6adarnTb OHOYACHE MIPUKJIAIEHHS TUCKY 3 BUCOKOIO TEMIIEPATYPOIO. JlaHi METOM 3HAYHO OOMEXYIOTb
po3mMipu Ta GOpMU OTPMMaHUX BUPOOIB, MAIOTh HE BUCOKY NIPOJYKTUBHICTD i € Iy)ke eHeproeMHUMHU. SIK pe3yJsbTaT
- BMCOKa BapTiCTh BUPOGiB 3 Kap6igy 60py 3HaYHO JIiMIiTye I0ro BUKOPUCTaHHS. AKTyaJIbHUM € TIOIIYK METO/IiB
OTPMMAaHHSI aDMOBAaHUX KepaMiuHUX MaTepiajiB Ha OCHOBI Kap6ify 60py 3 MOPiBHSIHO HU3BKUMU TEMIIEPATYPAMU

KOHcOJIianii, HiX B MeTogax rapsiyoro npecyBanHs Ta II1C. [JuceprauifiHa po6oTa prcBsiYeHa BUPIlIeHHIO



aKTyaJIbHOI HAyKOBO-TE€XHIUHOI 3aja4i — CTBOPEHHS apMOBAaHUX KepaMiuHUX MaTrepiasiB Ha 0cHOBi B4C 111 pobotu
B €KCTPEMaJIbHAX YMOBAX €KCIUIyaTallii 3 BACOKMMU (i3NKO-MeXaHI{YHMMU BIACTUBOCTSIMU. 3 METOK CTBOPEHHS
apMoOBaHOi kepamiky Ha ocHOBi B4C B po6OOTi pO3risaIa€ThCSI MOKIUBICTh OTPUMAHHS KePaMiuHUX KOMITO3UTIB
cucremu B4C- Si- CB (ByrjieLieBi BOJIOKHA) 3 BUKOPUCTAHHSIM METOy iH(inbTpalii nopucTtux 3paskis 3 B4C
pO3MJIaBOM KpeMHilo. MeTtoz indinbTpalii 103B0JIsie 3MEHIINTY TEMIIEPATYpY OTPMMAaHHS BUCOKOIIIIbHOI KepaMiKu
B4C 3 BUCOKMMU MeXaHIYHUMU BIACTUBOCTSIMU. BIJINB TEXHOJIOTIYHUX IapaMeTpiB Ha MIKPOCTPYKTYpPY, pa3oBuii
CKJIaJ] Ta MEXaHIuHi BaacTUBOCTI Kepamiku B4C mocrifkyBaBces Ha iHQinbTPOBaHUX 3pa3Kax 3 Pi3HOIO BUXiAHOIO
IIOPUCTICTIO Ta BYIJIELIEBMiCHOIO 3B'S13KO0I0. JlOCTIiIKEeHHS! MiKpOCTPYKTYpHU MOKA3ajH, 10 3MEHIIEHHS BUXiJHO]
MIOPUCTOCTI MPU3BOIUTD OO 3MEHIIEHHS PO3Mipy BTOPUHHUX 3epeH B4C 3a paxyHOK pO3UMHEHHS Ta B3aeMOZi
BUXiJJHUX 4YaCTMHOK 3 PO3IIJIaBOM KpeMHilo. BabyBaeTbcs 3miHa mopdostorii yacTunok SiC 3 mpofoBryBaToi 1o
6araTorpaHHoi, HerpaBuIbHOI GOpMU. 3MEHIIEHHS BUXiJHOI MOPUCTOCTI BIJIMBa€ Ha (pa30BUil CKIaf KepaMiku:
KinbKicTb a3 B4C ta SiC 3mMeHIyeTbC s, a 3a7MIKOBOr0 KPEMHII0 36ib1yeThes. JJogaBaHHS €OKCUIHOI CMOJIN B
SKOCTI BYIJIELIeBMiCHOI 3B'SI3K/ TIPU3BOJUTH 110 yTBOPeHHS (a3u 0-SiC. 3 METOI BCTAaHOBJIEHHS BIUIMBY apDMyBaHHS
BYIJIELIEBUMU BOJIOKHAMU Ha CTPYKTYPY, (pa3oBuil ckiaf Ta PisMKo-MeXaHiuHi XapaKTepUCTUKM KepaMiky Ha OCHOBI
B4C pocnimxyBanucs iHbinpTpoBaHi 3pa3ku 3 fogaBaHHIM pizHoro BMicTy (0, 5, 10, 15 Ta 20 %) ByrieueBux
BOJIOKOH (BB) mo BuxigHoro nopouky B4C. BctaHOBIEHO, 1110 36i/bIIeHHS BMICTY BYIJleLleBUX BOJIOKOH CIIpHUSIE
30isbLIEeHHIO yTBOpeHOi a3y SiC 3 0lHOYaCHUM 3MEHIIEHHSIM KiJIbKOCTi 3a/IMIIKOBOTO KPEMHIIO.
MertanorpaiyHUMHU OOCiIKEHHIMU BCTAaHOBJIEHO, 11O B IIPOLIEC] B3aeMOJii pO3IJIaBy KPEMHIIO 3 BYIJIELIEBUMU
BOJIOKHAMU YTBOPIOIOTHCS KOMIIO3U1IiiiHi BOJIOKHA 3 CTPYKTYPOIO «sapo (C) -~o6os0HKa (SiC)». MakcumasbHe
3HaYeHHs MiHocTi Ha 3ruH (510 + 27 MIla) orpumManoi kepamiku B4C nocsiraeTbest pu JoaBaHHi 10 BUXITHUX
nopouikiB B4C 10 % ByrieneBux BosokoH. Harbinbue 3HaueHHs monysst FOHra (380 I'Tla) mocsraeTrbcs Mpu BMICTi
20 % BB . locaimkeHHsIM (Pi3nYHMX BIACTUBOCTEN (es1eKTponposigHocTi Ta KTP) kepamiku B4C BCcTaHOBIIEHO, 1O 3i
30iIbLIIEHHSM KOHLIEHTPAllii ByrjlelieBUX BOJIOKOH €JIeKTPOIIPOBiHICTb 30isbiyeThes, a KTP 3meHmyeTbes. 3
METOI0 BCTAHOBJIEHHS BIIUBY OOPOOKHU B I10J1i KOHTPOJIbOBAHOTO TemneparypHoro rpagienty (KTT') Ha cTpyKTypy,
(a30BUI CKJIAJ, Ta MEXaHIUHI BJIACTMBOCTI Kepamiku Ha ocHOBI B4C mocifKyBanucs nomnepeaHbo iHQinbTpoBaHi
3pasku B4C 3 pi3HMM rpaHyJIOMETPUYHUM CKJIAJIOM, OTPMMaHi B pe3yJbTaTi 30HHOI M71aBKu. MeTanorpapivHuMu
IOCJiIKeHHSIMU 0YJI0 BCTAaHOBJIEHO, 110 3acTocyBaHHS 06po6ku B KTT indinbTpoBaHoi kepamiku B4C npusBoguTh
Io nepexkpucranisauii B4C yepes po3iiaB KPEMHIIO, 3 IOJAJIBIINM YTBOPEHHIM KOMIIO3UTIB i3 MilJHIM KapKacoM 3
IpioHux 3epeH B4C. B Toi1 ke yac BUSBIEHO MOXJIMBE KOHTPOJIIOBAHHS BMICTy KapOify KpeMHilo B
iH(}inbTPOBAaHOMY KOMIIO3UTI 32 PaXyHOK 3MiHM I'PaHyJIOMETPUYHOTO CKJIaly BUXiTHOTO MOPOIKy B4C.
BcraHoBieHO, mo 3acTocyBaHHsl 06pooku B KTT' 1pyu3BoAUTb 10 3MEHIIEHHS KiJIbKOCTI 3/IMIIKOBOTO KPEMHIIO B
Kepamili Ha ocHoBi B4C 3a paxyHOK pocTy 3epeH SiC, ki 3HaxogsaTbcsl B KepaMili B4C nicis iHinbTpauii.
BacTocyBanHs 06po6ku B KTT npusBoguTsb 1o 36inbl1eHHs TBepaoCTi Kepamiku B4C 3a paxyHOK 3Ha4YHOTO BMiCTy
a3 (B4C, o-SiC ta o-SiC) 3 BUCOKOIO TBepicTIo. 36inbimeHHs mMBUAKOCTI 06pobku B KTT 3 5 1o 10 MM /C IpU3BOIUTh
II0 30i7bIIEHHS 3HaU€HHS MIIJTHOCT] Ha PO3pUB KOMIO3UTIB 3 138+8 MIla no 169+10 MIla 3a paxyHOK OAPiOHEHHS
CTPYKTYpHY KepaMiku i GOpMyBaHHS IJIACTUHYACTUX YacTOK O-SiC. 3riflHO L0 OTpUMaHUX HAYKOBO-
€KCIIEPUMEHTAJIbHUX PE3YJIbTATiB OJlep>KaHi apMOBaHi KOMIIO3UIIiMHI MaTepianiB Ha ocHOBi B4C meTonoM
iHpinbTpalii po3nnaBy KpeMHil0. 3aCTOCYBaHHS apMYyBaHHsI ByIJjleLleBUMY BOJIOKHAMMU [103BOJIsI€ 30ibIINTH
MEXaHiuHi BJIaCTUBOCTI iH(]inbTpoBaHOi KepaMiku. 3 iHPiNbTPOBAaHUX APMOBAHHUX 3Pa3KiB OTPUMAHO KepaMiuHi

IJIACTUHY, [7151 BAKOPMCTAHHS B IKOCTi CKJIa[IJOBUX €JIEMEHTIB KDOMOK IJIaHepa 6e3MiJIOTHUX JliTaJbHUX anapariB

2. Boron carbide products have a unique combination of properties: high hardness, high modulus of elasticity, high
thermal conductivity, resistance to aggressive environments. The covalent nature of the chemical bond makes
boron carbide a difficult-to-compact material and requires the use of sintering temperatures of 0.9-0.95 T melting
point. Use such sintering methods as hot pressing, SPS, which involve the simultaneous application of pressure
with high temperature. These methods significantly limit the size and shape of the obtained products, have low
productivity and are very energy intensive. As a result, the high cost of boron carbide products significantly limits
its use. It is important to look for methods of obtaining reinforced ceramic materials based on boron carbide with
relatively low consolidation temperatures than in the methods of hot pressing and SPS. The dissertation work is



devoted to the decision of the actual scientific and technical problem - creation of the reinforced ceramic
materials based on B4C for work in extreme conditions of operation 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 B4C-Si-Cf system using the method of infiltration of porous samples with B4C by silicon melt.
The infiltration method allows to reduce the temperature of high-density ceramics B4C with high mechanical
properties. The influence of technological parameters on the microstructure, phase composition and mechanical
properties of B4C ceramics was studied on infiltrated samples with different initial porosity and carbon-containing
binder. Microstructure studies have 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 starting particles with the silicon melt. The
morphology of SiC particles changes from elongated to multifaceted, irregular shape. The reduction of the initial
porosity affects the phase composition of the ceramic: the number of phases B4C and SiC decreases, and the
residual silicon increases. In order to determine the effect of carbon fiber reinforcement on the structure, phase
composition and physical and mechanical characteristics of B4C-based ceramics, infiltrated samples with different
contents (0, 5, 10, 15 and 20%) of carbon fiber (BB) to the original B4C powder were investigated. It is established
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 structure "core (C) -shell (SiC)" are formed.
The maximum value of flexural strength (510 + 27 MPa) of the obtained B4C ceramics is achieved by adding 10% of
carbon fibers to the original B4C powders. The highest value of the Young's modulus (380 GPa) is achieved at an
explosive content of 20 %. A study of the physical properties (electrical conductivity and CTE) of B4C ceramics
found that with increasing concentration of carbon fibers, the electrical conductivity increases and CTE decreases.
In order to establish the influence of treatment in the field of controlled temperature gradient (CTG) on the
structure, phase composition and mechanical properties of B4C-based ceramics, pre-infiltrated B4C samples with
different particle size distribution obtained by zone melting were studied. Metallographic studies have shown that
the use of B4C infiltrated ceramics in CTG leads to recrystallization of B4C through silicon melt, followed by the
formation of composites with a strong framework of small B4C grains. 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 B4C. It was found that the use of CTG 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 B4C ceramics after infiltration. The application of
treatment in CTG leads to an increase in the hardness of B4C ceramics due to the significant content of phases
with high hardness. Increasing the processing speed in CTG 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 grinding of the ceramic structure and the
formation of lamellar particles o-SiC. According to the obtained scientific and experimental results, reinforced
composite materials based on B4C were obtained by the method of infiltration of silicon melt. The use of carbon
fiber reinforcement can increase the mechanical properties of infiltrated ceramics. Ceramic plates were obtained
from infiltrated reinforced samples for use as components of the edges of the glider of unmanned aerial vehicles.
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