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BILJIMB JIOBABKH VC-Al HA CTPYKTYPY TA ®A30BUI CKJAJ] HAATBEPJUX
MATEPIAJIIB HA OCHOBI ¢BN

Ulnaxom mepmobapuuHo20 CRIKAHHA OMPUMAHO KEPAMO-MAMPULHUL KOMNOZUYILHULL Mamepian Ha
0CHOBI KyOiuHO20 Himpudy 6opy 3 dobaskamu Kap6idy eanaodito ma amominito. Cnikanwns npoeeodeHo 6
ymogax eucokozo mucky (7,7 I'lla) 6 wupoxomy Oianazoni memnepamyp (1450-2450 °C). O6 exmom
docrnioxcentss oopano mpu komnozuyii 3 emicmom cBN 50, 60 ma 65 06.%, 5 006.% anominito 66edeno 6
cymiu, AKX cemep KucHio. Y pobomi npeocmaeieHo pe3yrbmamu  OQ0CAIONHCeHHsT (PAa308020 CKAADY,
MIKPOCIMPYKIMYp Ma MeXauiyHux eiracmusocmeti. Bapiroeanns emicmy 000a8Kku npakmuuHo He 6NIUBAE HA
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U TEXHOJIOI'UA EI'O U3I'OTOBJIEHUA U IIPUMEHEHUA

MOOYb 3CY8Y KOMNO3UMIB, HAUBUWI 3HAYEHHS MIKPOMEepOoCmi OMpUMAHO 8 KOMNO3UMAX, CNeYeHUX 8
memnepamypromy inmepsani 1850-2150 °C. 3a niosuwenux memnepamypax CnikauHs 6UsGIEHO
dopmysanns okcudy amominilo 6 ycix docrioxcysanux cucmemax. Pospobaeni xomnozumu 3a ceoimu
MEXAHIYHUMU  8IACTIUBOCHIAMU HAOAUNCAIOMbC 00 KOMEPYIUHUX aHanozie mamepianie epynu BL ma
MOACYMb BUKOPUCMOBYBAMUCS 0151 BUCOKOULBUOKICHOT 0OpOOKU CHABI8 HA OCHOSI 347i3a.

Knwuoei cnosa: anapam eucoxoco mucky, naomeepda «kepamika, KHB, @azoeuii ckuao,
CMpyKmypda, 8aHaOil.

Beryn

Ky6iunuii HiTpung 6opy (cBN) — omuH 3 HalTBepAilmmMx MarepiaiiB, M0 Ma€ BUCOKY
TETUIOTIPOBIIHICTh Ta CTIHKICTh A0 OKHcieHHsA. [IpomucioBa ¢opma BUpOOHHMIITBA MaTepialliB Ha
ocHOBI ¢BN € momikpuctaliyHUM MO€AHAHHAM HaATBepAMX 3epeH cBN 31 3B’s3kaMu y BUTISAAL
guctux MmetaniB (rpyma BH 70-90% cBN) a6o kepamikamu (rpyma BL 45-65% cBN) [1].
Martepianu rpynu BL nepeBakHO BUKOPUCTOBYIOTHCS JIJIsI BACOKOIIBUAKICHOTO YUCTOBOTO TOYIHHS
cTaneil Ta 4daByHiB. JlocmimkeHHsT (i3MKO-MEXaHIYHMX TPOIECIB 3HOIIYBAHHS, BIUIMBY THITY Ta
BMICTY 3B’SI3KH MOKa3auu, mo Hu3bkuil BMicT cBN (BL 45-65%) 3 apiOHMMYU 3epHaMu B KepaMivHil
MaTpuIll JEMOHCTPYE HAWBHUINY 3HOCOCTIMKICTh [2]. JlOMiHAaHTHUM MeEXaHI3MOM 3HOCY €
nudy3iiHUN 3HOC B pe3yJbTaTi XIMIYHHUX B3a€MOJINM, IO MAarOTh MiICIle B KOHTAKTHIH 30HI
«pi3aJibHa KPOMKa — MaTepiall 3aroTOBKM». MIKpPOCTPYKTYpHU KOMEPIIMHUX MaTepiaiaiB Ha OCHOBI
cBN cknanarotecs 3 3epen cBN Tta Ti(C,N), B MiXk3epeHHOMY IPOCTOpi SKUX MPHUCYTHI TPOJYKTH
peakmii TiB,, AIN ta Al,Os. ABtopu [3—5] mpumyckaroTh, II0 caM€ YTBOPEHHS HOBUX a3 y
CTPYKTYpi KOMITO3UTY 32 pPaxyHOK B3a€MOJIii KOMIIOHEHTIB CyMIllli TiJ 9Yac CIIKaHHS CIPUSE
IT1IBUIIIEHHIO 3HOCOCTIMKOCTI KOMITO3HUTY.

3rigHo 3 TEOPETHUHUMU po3paxyHkamu [6], y cuctemax cBN—Ti ta cBN-TiN B MmonsipHOMY
chiBBigHomenHi 1:1 3a ymoB T = 1000 °C, T = 1400 °C, p = 3 x 107 Ila mMoxe BinOyBatHcs
B3a€MOJIiSl TUTAHY 3 HITPUIOM Oopy. Y pe3ynbTaTi Takoi B3a€EMOil MOXXYThb yYTBOPIOBATUCS TPH
HoBI (pa3u: TiBo, TiN ta N». Ilig yac po3paxyHkiB B3aemosiil y cucreMi cBN-TiN BusiBieHo, 110
KUTBKICTh MpoayKTiB peakiii TiB2 ta TiN 3anexuTs B Temneparypu. [IpakTuyHi eKCIEpUMEHTH 31
CHiKaHHS B IIUX cHcTeMax miaTBepawm HasBHICTH ¢a3 TiN ta TiB2 y BCiX mociipkeHnx 3pa3kax.
Amnaniz mikpoctpykryp meronqom TEM ¢ikcye yrtBopennss ¢asu TiB, naBkomo 3epen TiN.
[TigBumenns BMicty ¢cBN mpusBoaute n0 3poctaHHs Moxyns HOHra ta TBepaocTi KOMIO3HUTIB
cuctemu cBN-TiN, orpumanux moisxom criikanns 3a p = 7,51 Tla, T = 1400-2000 °C [7-8].

VY nocmimkennsx [9, 10] BusBieno yrBopenns TiB» B xommo3uti cuctremu cBN-TiN Tta
dopmysanns TiB: 1 TiCogNo, B crieuenomy kommno3uti cuctemu cBN-TiC. ABTOpu NpUIyCKaroTh,
10 B3a€MO/Iis1 KOMITOHEHTIB 3 YTBOPEHHSM OOPHIIB Ta HITPU/IIB TUTAHY IPUBOJAUTH JIO TTiIBUIIICHHS
TBEPJOCTI KOMIIO3UTIB. Y mporeci cmikanHi mopomkiB cuctemu cBN-TiN-Al B ymoBax
crtatuyHoro HaBaHTaxkeHHs (p = 5,8 I'Tla 1 Temneparypax 7 = 1200 °C ta 7 = 1400 °C) BusiBICHO
yrBopenHs cnoiyk AIN Ta TiB [11]. IIpoayktu peakuii 3aiimMaroTe Mmiciie HaBKoso 3epeH ¢cBN Ta
TiN. ®opmyBaHHS TOMOTE€HHOI CTPYKTYPH CIIPHUSE IiJBHINCHHIO TBEPJOCTI, TPIIIUHOCTIHKOCTI 1
3HOCOCTIMKOCTI TOPIBHSHO 3 KOMIO3UTaMu cuctemMu cBN—AL.

O1xe, po3poOKa Ta AOCTIKEHHS (PI3MKO-MEXaHIYHUX BJIACTUBOCTEH KOMIIO3UTIB HA OCHOBI
cBN rpynu BL 3i 3B’s3kamu y Bl KapOifiB BaHAIil0 € akTyaJlbHUM, OTpUMaHi Marepianu
MOXYTb cTaTu Kpanum anajgorom cBN-TiC.
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VY po6oTi onucaHo cepil0 BUKOHAHUX €KCIIEPUMEHTIB 3 OTPUMaHHS KOMIIO3HMTIB Ha OCHOBI
cBN rpynmu BL 3 kepamiunoto 3B’si3k010 VC—AL JlocmikeHO 0COOJMBOCTI CTPYKTYpH, 3MIHY
(a3oBoOro CkiIaay B MPOLEC CIIKaHHS Ta MEXaHIYHI BIACTUBOCTI KOMIIO3MTIB.

MeToauka gocJiizKeHHs

IonpiOHeHHs NOPOMIKIB KapOily BaHaIil0 HPOBEIEHO B CEPEJOBHUIII 130MPOIMIJIOBOTO
CHUPTY 3 BUKOPUCTAHHAM IUTaHeTapHOro MimHa Fritsch (Pulverisette 6 classic line), ocHaneHoro
TBEpJOCIIIaBHUM OapabaHoM. Po3Mip yacTok micis po3MentoBaHHs cTaHOBUB 1,8 Mxwm. uxTy s
CHIKaHHS BUTOTOBJIEHO 3 KOMEPLIHHO JOCTYMHUX MIKPOMOPOLIKIB KyOI4HOTO HITpUAY Oopy
(Element Six), xap0Oimy Bauamito (Alfa Aesar) ta amominito (ABCR) B CHiBBiIHOIICHHSAX
cBN:VC:Al — 50:45:5, 60:35:5 Ta 65:30:5 06. %. ['oMoreHizamiro muXTH 11 CIIIKaHHS MPOBEICHO
B IpaBiTaliiiHoMy 3MimryBadi. be3snocepeqHbo mepesa CHiKaHHAM HPOBEAEHO TEPMOJAECOpOLio Y
BakyymHiit mneui CHIBJI 3 wMeTolo yCyHeHHS Ha/UIMIIKOBOro KucHIO B muxTi. Cepiro
TEpMOOAPUUHUX EKCIEPUMEHTIB MPOBEJCHO B amapaTi BUCOKOrO THCKY Tumy «ropoin ABT-
TOP30» B inTepBaii temrneparyp 1450-2450 °C npu npukianenni Tucky 7,7 ['Tla Bopomox 45 c.

3pa3ku Ticis CHiKaHHS AOBOAWIM 10 po3MmipiB d = 9,52 mm, h = 3,18 MM MeTom0oM
MEXaHIYHOTO LUTIQYBaHHS IUIOCKOI Ta OOKOBOi MOBEpPXHI aiMa3HUMHU Kpyramu. [ligrotoBky
MeTanorpadiyHux 1LTipiB TpoBeneHo B amapati Struers Tegramin. PeHTT€HOCTPYKTYpHI
JIOCITIDKEHHS  3pa3kiB  mpoBeaeHo Ha yctaHoBil STOE STADI MP 3 BUKOpPHCTaHHSIM
CHMHTHIALIHHOrO JiunnbHuka y BunpoMinosaani CuKa (Acy = 1,54060 A). Posmogin xiMiuHux
€JIeMEHTIB JIOCTIIHKEHO METOJOM EHEPTrOAMCIIEPCIHHOI PEHTTeHIBCHKOI CHEKTPOCKOMmii Ha
CKaHYBaJIbHOMY €JEKTPOHHOMY Mikpockoni Tescan Mira 3, OCHaleHOMY €HEpProJUCIEepPCIHHUM
aHaII3aTOPOM PpEHTreHIBChbKUX crekTpiB X-MaxN 80 (Oxford Instruments); nporpaMHUM
3abe3neueHHsIM Ui aHallizy 300paxenb Automated AZtecEnergy.

JlocmiKeHHST MIKPOCTPYKTYP TIPOBENIEHO 3 BUKOPHUCTAHHSIM CKaHYBAJIBHOTO €JICKTPOHHOTO
Mmikpockona Zeiss LEO 1560 (NanoLund, 1lIBeuist). I'ycTUHY KOMIO3MTIB BUMIPIOBAIU MPSIMUM
METOJIOM BUMIPIOBaHHSI F€OMETPUYHUX PO3MIpIB Ta MacH 3pa3KiB. YJIbTPa3BYKOBY A1arHOCTHKY 3
METOIO MOJIATBIION0 BU3HAYEHHS MPY)KHUX BIACTUBOCTEH MPOBEJCHO 3 BUKOPUCTAHHSAM YCTAHOBKH
Olympus 38D Plus, ocHaiieHoi 11’ €30kepaMiyHUMH JaTYnKaMu. BunpoOyBaHHS MIKpOTBEPAOCTI Ta
TPIIIMHOCTIMKOCTI KOMIIO3UTIB MPOBEAEHO METOJOM MIKPOIHIEHTYBaHHS Ha MIKpOTBEPAOMIpI
THV-30MDX — naBaHTa)keHHs Ha 1HAeHTOp Bikkepca (anma3Ha mipamizia 3 KyTOM 3 BEpIIMHAMU
136°) ne mepesuiryBaio 10 H y pasi inaeHTyBaHHS s BUMipioBaHHS TBepaocTi Ta 50 H nmns
BHUMIPIB TPIIIMHOCTIAKOCTI; BATPUMKA II1]] 4ac 3a1aHOT0 HaBaHTaXKeHHS — 15 c.

PesynbTaTi T2 00rOBOpEeHHS

3a naHuMu (pa30BOro aHaNi3y BUXIJHI CyMIIl JJIsl CIIKAHHS MICTATh KYOIYHUN HITpHU O0py
— ¢BN npoctopoBoi rpynu F-43m 3 napameTpamu rpatku a = b = ¢ = 3,6140 A, xap6in Banasio —
VC npocTopoBoi Tpynu Fm3m 3 mepiogamu Ipatku a = b = ¢ = 4,1635 A, amowminiit — Al
IPOCTOPOBOI Ipynu Fm3m 3 mapameTpamMu KpUCTaliuHOl rpaTku a = b = c= 4,0572 A Tta xap6in
sonbppamy — WC mpoctopoBoi rpynu P-6m2 3 nepiogamu rpatkua = b = 2,9070 A, ¢ = 2,8360 A.
BMicT HeBenukoi KiibKOCTI KapOiay BoJib()paMy 3yMOBJICHHUN TEXHOJOTIYHHMHU OCOOJIMBOCTSMHU
mpoIiecy moApiOHEeHHS MOPOIIKY KapOiay BaHAIIIo.

VY mporneci TepMoOapudHOro CrikaHHS B Jiana3oni Temmepatyp 1450-1850 °C ¢da3oBuit
CKJIaJT KOMIIO3UTIB YCIX T'pyIl HE 3a3Hae 3MiH. Y cuctemi 3 60 00.% c 3a TemrepaTypu CIiKaHHS
2000°C BinOyBaeThcsi B3aeMonis kommoHeHTIB cymimi (cBN Tta VC), B pesynprari sKoi
dbopmyeThes nubopun BaHaniro VB mpoctopoBoi rpymu P6/mmm 3 mapameTpamMu KPUCTATIYHOL
rpatku a = b= 2,9986 A, ¢=3,0739 A, ta BinOyBaeTbcs OKMCIEHHs amiOMiHilO Ta (GOpMyBaHH:
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AlOs3 ipocTopoBoi rpynu R-3c 3 napameTpamu rpatku a = b = 4,7553 A, ¢ = 13,0083 A. dazosuii
CKJIaJ] B €KCTIEPUMEHTAX 3a BUIIMX TeMIlepaTyp crikaHHSA Tc¢n > 2150°C 3anumraeTbcss HE3MIHHHUM,
3a BUHSATKOM BiZICYTHOCTI pe(JIeKCiB BiJ] OKCUAY aJTIOMIHIIO.

VY cucremax 3 BmictoM cBN 50 Ta 65 00.% ¢opmyBaHHS OKCUAY alTIOMiHIIO B110yBa€ThCS
mume 3a 2150 °C, mojanpliie MiABHINEHHS TEeMIIEpaTypH CIIKaHHA HE MPU3BOIUTH O 3MiHH
¢azoBoro cknany (puc. 1).

= ¢- cBNe-VC *-ALO, V-WC * - cBNe-VC *-ALO, V-WC

2 J : [ \ . T,=2450°C
= * L * . s | ¢ \ ., ¢

=all K3 4 % * l s LN U *1, *JL * % A % oy Tcn: 2300 °C
2

a Al v 1 ) A . T,=2150°C

l_ﬂ )| il U T.,=1850°C
i—k———-—_——-—A A u A A T(”z 1600 °C

l A g e o T,=1450°C

L]
35 40 45 50 55 60 65 70 75 80 85 90 95 35 4IO I4[5 I SIO I 5|5 I ()'IO I 6I5 I 7I0 I 7I5 I SIO I 8I5 | 9I0 | 95
Kyt audpakuii, 20 Kyt nudpaxuii, 20
a o
Puc. 1 Penmeeniscoki ougppaxmoepamu xomnozumie cucmemu cBN-VC-Al: a — emicm cBN —
50 06.%,; 6 — emicm cBN — 65 00.%

MeTonoM eHeproAucnepciiHoi PEeHTreHIBChKOI CHEKTPOCKOMil BHM3HAYEHO PO3IMOJLIT
€JIEMEHTIB Yy 3pa3kax cucremu 3 BmicToM cBN 60 00.%, orpumanux 3a temmneparypu 1850 Ta
2300 °C (puc. 2). IlinTBepmKeHO HaAsBHICTH ANIOMiHIIO B 000X 3pa3kax Ta KHUCHIO — Yy 3pasKy,
cnedeHomy 3a 2300 °C. B po3noaisi eIeMeHTIB BaHa1l0 Ta KapOOHY € NUISHKHU (CBITIO-Cipi 30HH
Ha puc. 2), e BKa3aHi €JIEMEHTU IMEPEKPUBAIOTHCS MOMDK COOOI0 Ta BKa3yIOTh Ha ITOJIOKEHHS
CHOJIyKd KapOimy BaHairo. Tako) BUSBICHO BMICT BOJbGpamy, pO3IMOIiN SKOTO TE€XK YaCTKOBO
NEPEKPUBAETHCS 3 PO3MOJALIOM KapOoHy. OCKIIbKH peHTreHo(ha30Bl JOCTIIKEeHHS, ONTUCaHl BHUIIIE,
BKa3ylOTh Ha HAasBHICTH CIIOJIYKH KapOiay BoJb(ppamy B LIbOMY 3pa3Ky, TO MOXHA CTBEpKYBaTH,
110 611 30HU BignoBinawTh pazi WC.

AHami3 MIKpOCTPYKTYp CIIEUYEHHWX KOMIIO3HTIB MiATBEPMB, IO PO3IMOJALI KOMIIOHEHTIB €
oxHopinHuM. Po3mipu yactok cBN He nepeBuIyroTs 2,5 MKM. Arjiomepaliisi 4acTOK 3B’ sI3yBajIbHOT
¢da3u He crnoctepiraerbesi. CBITIIO-CIpl IUISTHKH — 11€ 30HM, SIK1 BIJMOBIIAIOTH 3B’ sI3yBabHIN (a3i
VC-Al, ixHi po3mipu He mepeBHIyIOTh 2 MKM (puc. 3). Bugumuii BmicT xap06igy Bosibdpamy y
dbopmi Ounmux 3epeH posmipamu mopsiaky 0,2—0,3 MKM BHSBICHO Ha MIKPOCTPYKTYpax 3pasKiB,
cieueHux 3a Ten = 1450 °C, 3a miei temnepatypu 3epHa cBN MaroTh 4iTki Mexi. 3 MiIBUILEHHIM
TEeMIIepaTypH CIiKaHHA B110yBa€eThCs 3MiHa Mopdosorii 3epen cBN.
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Puc. 2. Po3nooin enemenmis 6 3paskax cucmemu cBN-VC-Al; emicm ¢cBN — 60 00.%: a — Ten =
1850 °C; 6 — T, = 2300 °C

Puc. 3. Mikpocmpykmypu cneuenux komnosumie cucmemu cBN-VC-Al: a — emicm ¢cBN 50 06.%,
Ten=1450 °C; 6 — emicm cBN 60 00.%, Ten= 1850°C; 6 — emicm cBN 65 00.%, Te,=1450 °C; 2 —
emicm ¢cBN 50 06.%, T:n=2300 °C; 0 — emicm cBN 60 06.%, T:n=2300 °C; e — émicm cBN 65 06.%,
Ten=2300°C; p=7,71Tlat=45c
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Temneparypa cnikanns,*C
Puc. 4. Bnause memnepamypu cnikauua ma

emicmy cBN na 2eycmunmy romnosumie
cucmemu cBN-VC-Al

I'yctuHa KOMIO3UTIB, $AKI 3a3HAIU
muie aii tucky p = 7,7 I'lla, va 30% menma 1
BapiloeThCs B Mexax Big 2,8 mo 3.4 r/em’
3anexHo Bia BMicTy ¢BN (puc. 4). YV nponeci
TEPMOOAPUYHOTO  CHIKaHHS  BigOYyBa€ThCs
ICTOTHE  VyIIUJIBHEHHS  3pa3KiB  MiJ  4ac
IIPUKJIAJIEHHS TeMIEpaTypH, a 3a T = 1600 °C
IryCTHHA 3pa3KiB NiABHILyeThcs a0 3,843
r/cM’. B mofanbIux ekcrepuMeHTax y cdepi
BUCOKUX Temmneparyp Tcn > 1850 °C rycruna
KOMIIO3UTIB JIOCATAa€ TPAaHUYHUX 3HAYCHb, 10
3YMOBJICHO T'YCTHHOIO BUXI1JTHUX KOMITOHCHTIB.

VY pe3ynbTari BUMIPIOBaHHS IIBUIKOCTI
PO3MOBCIOAKEHHS HIOB3/10BXXHBOT Ta
HOTepeyHOi 3BYKOBHX XBHJIb Oyno
po3paxoBaHo Moaynb FOHra Ta MOmynb 3CyBY
KOMIIO3UTIB B  JIOCHIJ)KyBaHUX CHCTEMaXx.
BusiBieno, mo akTuBHE 3poCTaHHS 000X

Gi3MYHUX BEJIMYMH CIIOCTEpiraeTbess B Jiama3oHi Temmeparyp 1450-1850 °C. Tak, 3HaueHHS
monyns FOHra mist Beix 3paskiB, orpumanux 3a 1600°C, cranoButh ~ 500I'TIa, moayns 3cyBy
3MiHIO€ThCS 31 3HaYeHb nopsiaky 200 ['Tla no 3Hauens nopsaky 250-275 I'Tla 3a 7e=2150 °C (puc.

5).
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o

Puc. 5. Bniue memnepamypu cnixanusa ma émicmy cBN komnozumie cucmemu cBN-VC-Al na:a

— Mo0ynb FOnea; 6 — mooynw 3¢y8y

MikpoTBepaicTh KOMITO3UTIB crcteMu 3 BMicToM ¢BN 50 00.% cnepmry 3poctae no 31 I'Tla
3a Ter=1600°C. Iloganbie 3HUKEHHS MIKPOCTBEPAOCTI B TeMmmepaTypHOMY niama3oHi 1600—
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2150 °C 3ymoBieHe BigmagoM JAeQeKTiB Yy CTPYKTypax 3pa3KiB Ta IOYaTKOM (HOpMYyBaHHS
MPOAYKTIB B3aeMoJli KOMIOHEHTIB (puc. 6, a). IlosBa B (a3oBomMy CkiIaal TBEPAOro KOPYHIY
(ALLO3 — 9 3a mxkanoro Mooca) 3a Ten > 2300 °C cnpusie MigBUIICHHIO TBEPIOCTI KOMIIO3UTIB 10
3HaueHb 31-32 TITla. IligBuieHHs TeMiepaTypu CIHIKaHHS MPAKTUYHO HE BIUIMBAE Ha
TPIHUHOCTINKICTh KOMTIO3UTIB cucteMu cBN—VC—Al (50:45:5 00.%): 1i 3HaueHHS 3aJIMIIA€THCS Ha
piBi 5,2-54 MIla-M"? B TemmeparypHoMmy miamazoni 1600-2150°C. Piske 3HmKeHHS
TpimuHocTiikocTi 10 4,4 MIla-mM'? 3a Ten = 2300 °C kxopemoe 3 (GOpMyBaHHAM TBEPJOTO, alle
KPUXKOTO KOPYHAY B KPUTUYHINH KUIBKOCTI, IO BIUIMBA€ Ha 3[JaTHICTh MaTepialy ONUpaTUCS

po3TpicKkyBaHHIO (puc. 6, 0).
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Puc. 6. Bniue memnepamypu cnikanns ma émicmy cBN xomnoszumie cucmemu cBN-VC-Al na :a
— MIKpomeepoicmy,; O — MPIiWUHOCMItKICMb

VY cuctemi 3 BmictoM cBN 60 06.% MikpoTBepAicTh KOMIO3UTIB MinBUILyeThes 3 25,9 I'Tla
3a Ten = 1600 °C mo 38,8 I'Tla 3a Tcn = 1850 °C. dopmyBaHHS quOOpUIY BaHAAII0 Ha MiX(pa3HUX
rpaHuisx ¢cBN-3B’s3ku 3a Tcn = 2000°C nemo 3HWKYE MIKpPOTBEPAICTh KOMITO3UTY, aje 3a IH€l xk
TEMIIEPATypU CIIOCTEPITa€TbCSI MaKCHUMallbHEe 3HAU€HHS TPIIIUHOCTIMKOCTI KOMIIO3UTY — 5
MITa-m!"2. CTpiMKOro 3MeHIIEHHsS MiKpOTBEPAOCTi KOMIO3HTIB 32 Ter= 2150 °C Ta Ten = 2300 °C
HE BHSBIICHO. 3HWXKEHHS MIKPOTBEPAOCTI 3pa3kiB, credeHux 3a 1.,—=2450°C, Moxe OytH
3YMOBJICHE 3MEHIICHHSM KIUIBKOCTI NE(EeKTIB 32 paxyHOK iX BHCOKOTEMIIEPAaTypHOTO Bigmaiay B
MpoLecl CHiKaHHs, IO TMOJIETIlye pyX [AUCIOKAIliii Ta BHUKJIMKAE 3MEHIICHHS TBEPJIOCTI.
TpimMHOCTIHKICT, KOMIO3HUTIB TIOCTYTIOBO 3HMKYyeThcss 10 3,4 MIla-m'? 3a makcumanbHOI
TeMIlepaTypu crikaHHsg. 3pa3ku cuctemu 3 BMicToM cBN 60 006.%, crneueHi B TeMmepaTypHOMY
nianasoni 1450-1600 °C, neMOHCTpYIOTh HHM3BKI 3Ha4eHHs MikpoTBepaocti 22 I'Tla ta 24 I'Tla,
BianmosiaHo. [linBumennHs temneparypu crikanusg 10 1850 °C Takox moka3ye IpoMidKHE 3HAUYCHHS
mikporBepaocti — 34 I'Tla. HaiiGinpln TBepIuMH BHSBWINCH 3pa3Kd, CIEUYEHI B 1HTEpBaJi
temmnepatyp 2150-2300 °C —37 Ta 38 I'Tla BignoBigHO. TpIMMHOCTIMKICTD Y I CUCTEMI CIIEPIITY
3pocTac B TemmepaTrypHomy aiamasoHi 1450-1600 °C no 3Hauens 6,1 MIla-M'?, momansime
MIJBUINEHHS Temneparypu cmikanHg g0 1850 °C  mpakTHYHO HE BIUIMBAaE Ha 3HAYCHHS
TpimmHocTiitkocti (5,9 MIla-m'?), HacTynHe 3pocTaHHs TPIIMHOCTIHKOCTI BiAOyBaeThCS 33 YMOBH
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migBuiieHsst Ten 70 2150 °C —7,0 MIla-m"2. 3aranom MIPOCIIAKOBYETHCSI TEHACHIIIS TiABUIICHHS
TPIIIMHOCTIMKOCTI 3 MiIBUILIEHHSIM TEMIIEpaTypH CIIIKAHHS.

BucHoBku

3 ornsgy Ha MEXaHidHI BIacTHBOCTI Kommo3uTiB cuctemMu cBN-VC-Al 50; 60; 65 00.%
cBN) BusiBieHO, 1[0 TeMIepaTypHH ONTUMYM [UJIi OTPUMAaHHS BHCOKOMIIIHOTO KEpamo-
MaTPUYHOT0 MaTepiaiy KojauBaeThes B Mexkax 1850-2150 °C. TepmoOapuuHe cliikaHHs B Jllana3oHi
temneparyp 1450-1850 °C He mnpus3BoAMTH 10 3MiH ()a30BOr0 CKIAAy B YCIX JOCHIIKEHUX
komno3uuisax. Y cucremi 3 60 00.% cBN 3a temmneparypu cmoikanas 2000 °C BinOyBaeTbcs
B3aemozis koMroHeHTiB cyminii (cBN ta VC), B pe3ynbrati sikoi GopMyeTbest AMOOpU BaHATII0
VB: ta Al203. ¥V cucremax 3 50 Ta 65 00.% cBN BusiBieHo nuiie GopMyBaHHS OKCUAY aITIOMIiHIIO
3a TeMriepaTypu crikaHHs noHaz 2150 °C. BapitoBaHHs BMICTY 100aBKH IPAaKTUYHO HE BIUIMBAE Ha
MOJYJIb 3CYBY KOMITO3UTiB. HaliBUIuii piBeHh MEXaHIYHUX BJIIACTUBOCTEH BUSBICHO B CUCTEMaXx 3
60 Ta 65 06.% cBN, MikpoTBepicTh KOMIO3UTIB 32 Tcy = 2150 °C ctanoButs 39 I'Tla ta 37 I'Tla
BiJIMOBiAHO. HaiiBHila TpilIMHOCTIWKICTh BUSBJIEHA B cucTeMi 3 65 00.% cBN — 7,1 MIla-m'?3a Ten
= 2150 °C. Po3po0aeHi KOMITO3UTH 3a CBOIMH MEXaHIYHUMH BJIACTHBOCTSIMHU HAOMKAIOTHCS 0
KoMepILiitHuX aHajoriB Matepiani rpynu BL (Secotools, Element Six).

JocmikenHs: BUKoHaHo B pamkax European Union’s Horizon2020 Research and Innovation
Programme npoext Flintstone 2020 (rpant Ne 689279) taVisby Scholar ship Bix Swedish Institute
(rpanT Ne 02757/2016).

Ilymem mepmobapuyecko2o0 Cnekanus NOAYYEHO KEPAMO-MAMPUYHBIL KOMHOZUYUOHHBII MAMEPUAT
HA OCHOGe Kybuuecko2o Humpuoa bopa ¢ dobaskamu kapouoa eanaous u anomunus. Cnekanus nposeoeHo 8
yenosusax evicokozeo oaesnenus (7,7 I'lla) 6 wupoxom ouanazone memnepamyp (1450-2450°C). Obwvexmom
uccnedosanus vlopansvl mpu Komnosuyuu c¢ cooepascanuem cBN 50, 60 u 65 00.%, 5 06.% amomunus
68e0€HO 6 cMeCh 6 Kauecmege cemepa Kuciopooa. B pabome npedcmaesnenvt pesynomamvl ucciedosanus
@azosoeo cocmasa, MUKpOCMPYKmMyp u MeXanHuveckux ceoiicms. Bapvuposanue codepiicanus 006asKku
NpaAKmuyecky He 6iusem Ha MOOYIb cO8U2d KOMNOZUMOB, 8bICOKUE 3HAYEHUS MUKPOMEEPAOCHU NOTYYEHO 8
KOMRoO3umax, cnedennvix 6 memnepamyprnom uumepsane 1850-2150 °C. Ilpu nosviuuennvix memnepamypax
cnekamus — OOHAPYICEHO  (hopMuposaHue OKCUOA — AMIOMUHUSL 80  8CeX UCCIeOYeMblX — CUCTHeMAX.
Paspabomannvie KoMno3umosl no CE0UM MEXAHUYECKUM CEOUCMEAM HPUOIUNCAIOMCS K KOMMEPUECKUM
ananozam mamepuanos epynnvl BL u mozym ucnonv3osamscs npu 6b1COKOCKOPOCHOU 00pabomke Cniagos
Ha 0CHOGe Jicenesd.

Kniwouesvie cnosa: annapam 6vicokozo oasnenus, ceepxmeepovie kepamukxa, KHbD, ¢azosuvtii
cocmas, cmpykmypda, 6anaouil

K. V. Slipchenko, I. A. Petrusha, V. Z. Turkevich, V. M. Bushlya, J.-E. Stahl
THE INFLUENCE OF VC-Al ADDITIVE CONTENT ON STRUCTURE AND PHASE
COMPOSITION OF cBN BASED SUPERHARD MATERIALS

Ceramic matrix materials based on cubic boron nitride with additives of vanadium carbide and
aluminum were obtained by high pressure high temperature sintering. Sintering was carried out under
pressure 7.7 GPa, in the wide temperature range of 1450-2450 °C. Three compositions containing 50, 60
and 65 vol.% of cBN were selected for investigation, 5% by volume of aluminum introduced into the mixture
as oxygen geter. This paper presents the results of the study of the phase composition, microstructures and
mechanical properties. It was found that the variation of the additive content has no effect on the shear
modulus of composites, the highest values of microhardness were obtained in composites sintered in the
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temperature range of 1850 - 2150 °C. Formation of aluminum oxide were detected in all studied systems
when sinterinf temperature was higher than 2000 °C. Mechanical properties of developed materialsclose to
commercial analogues of BL group materials. Cutting tool materials in system cBN-VC-Al can be used at
high-speed processing of alloys on the basis of iron.

Key words: high pressure apparatus, superhard ceramics, cBN, phase composition, structure,

vanadium
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OCOBEHHOCTMU BJIMSAHUA TJOBABKH VN HA CTPYKTYPY U CBOMCTBA
KOMIIO3UTA Fe—Cu—-Ni-Sn, IOJIYYHEHHOI'O I'OPAYUM ITPECCOBAHUEM

s nonyyenus obvemmuvix Hanokomnosumos 49,47Fe—31,04Cu—8,73Ni—7,76Sn-3VN ucnonvzosanu
Memoo Npecco8anusi Npu KOMHAMHOU meMnepamype ¢ nociedylouwum 20padem npeccosanuem 6 axyyme.
Hccneoosana Mukpocmpykmypa CnedeHHblX KOMNO3UMO8 Memooamu DPeHmMeeHO8CKOU OUpPaKyuoHHOU U
npoceeuusaouell IneKmponHol mukpockonuu. Iloxkazano, umo @ xomnosume 49,47 Fe—31,04Cu—8,73Ni—
7,768n-3VN npoucxooum pacmeopenue HUMpuUOa 6aHaousi 6 y-diceiese U 00paz08anue NepecbiyeHHO20
meepoo2o pacmeopa azoma u 8aHadusa 8 o-dfcesese, NePeUUHbIX U 8MOPUUHBIX OUCHEPCHBIX (a3 HUMpUOa
eanaous. B pezynomame npouzouLno cyuwjecmeennoe uzmenvuenue peppummuvlx 3epen (om 5-50 mrxm 00
20400 um) u yryyuenue mexanuyeckux xapaxmepucmux. Hanokomnozumul cuumaromes nepcnekmueHbiMu
mMamepuanamu 0 CO30anUs HO8020 NOKONEHUS AIMA30CO0EPHCAUUX KOMNOIUMOB.
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