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Pedepar:

1. Inceprauininy po60Ty IPUCBSIYEHO AOCiIKEeHHIO 3aKOHOMIPHOCTEH BILJIMBY TYroIIaBKUX 006aBok (Cr3C2, CrB2,
Mo2C, MoSi2, WC, WSi2, W2B5 SiC, HfC, TaC) Ta TexHOJ0Tii OTpMMaHHS (rapsiye pecyBaHHs, BaKyyMHE CITiKaHHs
Ta KOMOiHOBaHa TEXHOJIOTis) Ha POPMYBaHHS CTPYKTYPHO-(a30BOTO CKJIaly Ta BIaCTUBOCTEUN KepaMiky Ha OCHOBI
Iubopuny nupKoHioo. OcobiuBa yBara npuainserses cucremi ZrB2-SiC, sk HaWbinbl epCueKTUBHIN 151
IIPaKTUYHOr'O BUKOPUCTaHHA. TepMOAHaMIYHI PO3paxyHKU [JIg IPOTHO3YBAHHS CKJIaZly KOMIIO3ULIIKHO] KEpaMiKu
Ha ocHOBI ZrB2 nokazanu, mo gopasanHs kap6inis (VC, NbC, TiC, HfC, TaC, Mo2C, WC) Ta cuninunis (WSi2, MoSi2)
IIPU3BOJUTH /10 B3AEMOIii Mi>K KOMIIOHEHTaMU. Y BUIAJIKy NOAABAHHS CUJIIUAIB B3a€MOJis BiiOyBa€THCS 3
YTBOPEHHSIM CTabinbHOro 60puny nodasku (WB, MoB). IIpu nogaBaHHiI KapOifiHOI CKJ1a0BOi B3a€EMOIsI



BifOyBaeThC, y IEPIY Yepry, i3 okcugamu (ZrO2, B203), siki 3HaxX0I4ThCS Ha NOBEPXHI AUO0PUAY LMPKOHIIO, 10
IIPU3BOIUTH 10 YTBOPIOEThCS ZrC Ta 60puay Lo6aBku. 30aTHICTb 1O BiHOBIEHHS OKCUIiB 3pocTae B psai VC > NbC
> TiC > HfC > TaC > Mo2C > WC. Pe3ysbTaty TEpMOAMHAMIYHUX PO3PAXYHKIB MiITBEPIKEHO
€KCIIEPMMEHTAIbBHUMU JOCIIIIPKEHHSIMU. Y POOOTI METOJ0M rapsidoro NpecyBaHHsI OTPUMYBaJIM KOMIIO3UTHU Ha
OCHOBI Tubopuay HupKoHio 3 nobaskamu Cr3C2, CrB2, Mo2C, MoSi2, WC, WSi2, W2B5 y kinbkocTi 3-20 06.%. Y
Pe3yJbTaTi BUBYEHHS CTPYKTYPU KOMITO3ULITHMX MaTepiajiB [10Ka3aHo, 1o NoAaBaHHS BXe 5 00.% kapbiny (Cr3C2,
Mo2C, WC) akTuBye npolec CIiKaHHs 32 PaXyYHOK B3a€MO/Iii Mi’K KOMIIOHEHTaMU 3 YTBOPEHHSM HOBUX TYTOIIJIaBKUX
cniostyk. Kap6inHi no6asku (Cr3C2, WC, Mo2C), ski 6e3nocepeiHb0 BBOAWINACDH Y LIKUXTY, BiZICYTHI B CTPYKTYpi
OTPUMaHOTO Marepiasny. HaTomicTsb, 32 paxyHOK peakuii B3aeMo[lii kKap6iny i3 OKCUIOM LUPKOHIIO, IKUK BUCTYIIA€ B
POJIi JOMIILIKH, YTBOPIOIOTHCS TBEPAi PO3UMHM Ha OCHOBI Kapobifly LIMPKOHIIO, sIKi € HauO6i/IbIl TEPMOAMHAMIYHO
crabinpHMMU (pazamu. [1py gomasanHi cunminuaHux fo6aBok (WSi2 yu MoSi2) ciocrepiraetbcst yrBOpeHHs WB un
MoB, SiC Ta nerkomnuaBkux rnpouapkis Ha ocHoBi SiO2. ITpu gonasanHi CrB2 un W2B5 yTBOpIOIOTBCS TBEPi
PO34YMHU Ha OCHOBI ZrB2. He3asnexxHo Bif BUny 106aBKY Ha rpaHulli 3epeH Jubopuay LUPKOHIIO BifOyBaeThCs
YTBOPEHHSI TBEPAUX PO3UMHIB Ha IOrO OCHOBI 3 POPMYBaHHSIM CTPYKTYPHU SIAPO-000JI0HKA, 110 MifTBEPIPKEHO 3a
MIKPOpPEHTErHOCIIeKTpaabHUM aHasizom (MPCA) Ta MeTogamu peHTreHiBebkoi gudpaxiii (POA). MinnicTs
Kepamiku ZrB2-Tyrormnsaska CIloyKa IIpu KiMHaTHiN TemnepaTypi cranosusia 500-600 MIla. [Tpu nigBuieHHi
TeMIepaTypu Bunpo6ysaHHs 1o 1800 °C miunicTs MaTepiasis 3HMXKyeTbcs 1o 180 MIla y BUnagKy cuinuaHux
Io6aBKOK (MoSi2, WSi2), y ToH 4ac 5K Npu BBeJleHHi Kap6inHux no6aBok (Mo2C, WC) MinHicTh cTaHOBUTS Bif, 240
1o 600 MIla. Taka pi3HuIM NOB'SI3aHa i3 CTPYKTYpoIO Ta (a30BUM CKJIAOM: Y MaTepianax i3 cuninuiHuMu
IobaBKaMU Ha IPaHUIISIX 3epeH NPUCYTHI JierkoriaBki gasy, a [ofgaBaHHs KapoifiB 3MEHIYe X KiJIbKiCTb Ta CIIpUsie
YTBOPEHHIO OiJbII TYromnsaBKux cronyk ZrC, MeB (MoB, WB) Ha rpaHuiisix 3epeH, 10 yCKIaAHIOE PyX TPIilllMHA Iif
Yac pyrHYyBaHHS. BCTaHOBJIEHO 3a71€KHICTh CTIHKOCTI 10 OKMCHEHHS BiJl BMICTYy JOOGAaBKY /1J151 KOMIIO3UIiHHUX
kepamik cucrem ZrB2-MeC Tta ZrB2-MeB2 OnTrmym KOpPO3iHHOI CTIKOCTI KepaMiKu IOCATa€eThCs Mpu ~5 00.%
nob6aBku MeC a6o MeB2. MeH1mu# BMICT 106aBKM He [103BOJISI€ [IOBHICTIO YILIJIBHUTYU MaTepiasl, 6i1bmnY BMICT (Bif
5 06.%) NpU3BOJUTH IO YTBOPEHHSI KpaTepiB Ta TPIllH B OKAJIMHI 32 paXyHOK HUKYOI CTiIHKOCTi 10 OKUCHEHHSI
nobaBku Cr3C2, CrB2, Mo2C,WC yn W2B5. CuniunHi 106aBKY HiBULIYIOTh CTiHKiCTb 4O OKMCHEHHS KepaMiKu Ha
OCHOBI ZrB2 3a paxyHOK yTBOP€HHSI Ha [10BEPXHi CTabiJIbHOTO 60POCUIIIKATHOTO CKJIa, 10 3a0e3euye HOpMabHy
po6oty komnosury npu temrepatypi 1500 °C npotsrom 50 roz. [1pu BBefeHi 10 Au60puay LUPKOHIIO 106aBOK
kap6iznis (Mo2C, WC) uu 6opuzis (CrB2, W2B5) Ha moBepxHi KOMIIO3UTIiB HE YTBOPIOETbCS 3aXKMCHA IJIiBKA, TOMY
BOHU MO>YTb IpaioBaTtu npu temnepatypi 1500 °C o 5 roz. ¥V po6oTi anpo6oBaHo ifie1o po CTBOPEHHS KepaMiku
Ha OCHOBI AMO0PUAY LUPKOHIIO 3 BUCOKUMU IT0Ka3HUKAaMU >KapOCTiKOCTI Ta >KapOMIIJHOCTi 32 paxyHOK
OJIHOYACHOTO BBEJE€HHS NJ0OABOK CcUiuay MoJioneny (MoSi2), ik HaH6ibII )KapOCTiHKOr0 KOMIIOHEHTA, Ta
Kap6iny Bombdpamy (WC), IK HaHO6i/IbII )KapOMIILIHOTO. BusBI€eHO, 1110 B IPOLieCi OTPUMaHHS KOMIIO3ULIHUX
marepiaziB cuctemu ZrB2-MoSi2-WC BinbyBaeThcs XiMidHa B3a€MOJIisl MDK KOMIIOHEHTaMH, 110 [IPU3BOAUTD JO
yTBOpeHHs HoBUX ¢a3 (Mo, W)B, (Zr, Mo, W)B2 ta npucytHicTs okcuziB ZrO2 ta SiO2). BctaHOBIEeHO, 1m0 BMiCT 15
06.% MoSi2 y komnosuti ZrB2-MoSi2-WC 3a6e3neuye CTilKiCTb 10 OKMCHEHHS (10 Mr/cM2), aje Ipyu LbOMY
3MEHIIye KapoMilHiCTb (145 + 35 MIla). Y peayspTati 3MmeHmeHHs BMicTy MoSi2 10 7,5 06.% KapoMilHiCTb
niguiyetses (175 + 28 MIla), ogHak 1ie IpU3BOIUTE 10 MOTipLIeHHs )XapocTikKocTi (15 Mr/cm2). Bmict 5 06.% WC
He IIPU3BOJUTH 10 TIOBHOTO OYMIIEHHS Martepiany ZrB2-MoSi2-WC Big okcugHux (a3, a TOMy He BIA€TbCSI

3a6€31eYnTy HeOOXigHUI piBEHb BUCOKOTEMIIEPATYPHOI MiltHOCTI (>300 MITa).

2. The thesis is devoted to the research of the regularities of the influence of refractory compounds (Cr3C2, CrB2,
Mo2C, MoSi2, WC, WSi2, W2B5, SiC, HfC, TaC) and technologies of obtaining (hot pressing, pressureless sintering
and combined technology) on the formation of structural phase composition and properties of ceramics based on
zirconium diboride. Thermodynamic calculations for predicting the phase composition of composite ceramics
based on ZrB2 showed that the addition of carbides (VC, NbC, TiC, HfC, TaC, Mo2C, WC) or silicides (WSi2, MoSi2)
leads to interactions between components. In the case of the addition of silicides, the interaction occurs with the
formation of a stable mono boride (WB, MoB). The carbide additive interacts with oxides (ZrO2, B203) located on
the surface of zirconium diboride, which leads to the formation of ZrC and monoboride. The ability to reduce



oxides increases in the range VC> NbC> TiC> HfC> TaC> Mo2C> WC. The results of thermodynamic calculations
were confirmed by experimental studies. Composites based on zirconium diboride with the addition of Cr3C2,
CrB2, Mo2C, MoSi2, WC, WSi2, W2B5 in the amount of 3-20 vol% were prepared by hot pressing. As a result of
studying the structure of composite materials it is shown that the addition of 5 vol.% carbide (Cr3C2, Mo2C, WC)
activates the sintering process due to the interaction between the components with the formation of new
refractory compounds. The initial carbide additives (Cr3C2, WC, Mo2C), which were present in a charge, are
absent in the structure of as-sintered material. Due to the reaction of the interaction of carbide with zirconium
oxide, which acts as an impurity, solid solutions based on zirconium carbide are formed, which are the most
thermodynamically stable phases. The addition of silicide compounds (WSi2 or MoSi2), the formation of WB or
MoB, SiC and low-melting layers based on SiO2 is observed. The addition of CrB2 or W2B5 lead to formation, solid
solutions based on ZrB2 are formed. Independent of the type of additive there are formation of core-shell
structures, where core is ZrB2 and shell solid is solutions based on ZrB2, which is confirmed by energy dispersive
spectra (EDS) and X-ray diffraction (XRD). The flexural strength of “ZrB2 - refractory compounds” at room
temperature was 500-600 MPa. At 1800 °C flexural strength of materials decreases to 180 MPa in the case of
silicide additives (MoSi2, WSi2), while with the carbide additives (Mo2C, WC) the strength is from 240 to 600 MPa.
This difference is related to the structure and phase composition: in materials with silicide additives at the grain
boundaries there are low- melting phases, while addition of carbides reduces their number and promotes the
formation of more refractory compounds ZrC, MeB (MoB, WB) at grain boundaries. The dependence of oxidation
resistance on the additive amount for composite ceramics of ZrB2 - MeC and ZrB2 - MeB2 systems has been
established. The optimum amount of MeC or MeB2 addition for oxidation resistance is ~ 5 vol.%. The lower
content does not allow to fully densify ceramics, the higher content (from 5 vol.%) results in the formation of
craters and cracks in the oxide scale due to lower oxidation resistance of the additive Cr3C2, CrB2, Mo2C, WC or
W2Bb5. Silicide additives significantly increase the oxidation resistance of ZrB2-based ceramics due to the
formation of a stable borosilicate glass on the surface, which ensures the normal operation of the composite at a
temperature of 1500 °C for 50 hours. In the same time addition of carbides (Mo2C, WC) or borides (CrB2, W2B5) to
zirconium diboride does not form a protective film on the surface of the composites, which decrease operation
time to 5 hours at 1500 °C. The idea of developing ceramics based on zirconium diboride with high oxidation
resistance and high temperature flexural strength due to the simultaneous introduction of additives of
molybdenum silicide (MoSi2) as the most oxidation resistant component and tungsten carbide addition (WC) which
significantly increase high temperature flexural strength. It was found that in the process of obtaining composite
materials of the ZrB2 - MoSi2 - WC system there is a chemical interaction between the components, which leads
to the formation of new phases (Mo, W) B, (Zr, Mo, W) B2 and the presence of oxides ZrO2 and SiO2. There is the
content of 15 vol.% MoSi2 in the composite ZrB2 - MoSi2 - WC provides oxidation resistance (10 mg / cm2), but
high temperature flexural strength (145 + 35 MPa). As a result of reducing the MoSi2 content to 7.5 vol.%, the high
temperature flexural strength increases (175 + 28 MPa), but this leads to a decrease of oxidation resistance (15 mg /
cm?2). The content of 5 vol.% WC does not lead to complete purification of the material ZrB2 - MoSi2 - WC from
oxide phases, and therefore it is not possible to provide the required level of high temperature strength (> 300
MPa).
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