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AmnHotamus. VccnenoBanue BIHSHAS J00aBOK IIPH CHHTE3€ MATEPHAIOB HA OCHOBE TPadUTON0J00HOTO HUTpHAa Oopa SBIs-
eTcs aKTyaJbHOH U BaYKHOM 3a7a4eil 1 HayKy U MPOMBIIIICHHOCTH. B HacTosme# pabore mpeAcTaBIeHb! pe3yIbTaThl HCCIIEN0-
BaHMs BIISTHAA 100aBOK SizNy u AIN Ha (u3nKo-MexaHHYECKue CBONCTBA U CTPYKTYpy MaTepHaioB Ha OCHOBE HHTpHIa Oopa.
Pe3ynbraTel mokassiBaior, uro Ao6aBku SizNs u AIN B pasnudHBIX MPONOPLUSX MO3BOJSIOT HOMYYUTh CTPYKTYPBI C BBICOKOH
CTENEHBIO KPUCTAIMIHOCTH U MOBBICHTD (PU3UKO-MEXaHUIECKUE CBOICTBA.
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Abstract. Graphite-like hexagonal boron nitride (h-BN) is a promising material for the metallurgical industry due to its high
melting point and heat resistance, low wettability and ability not to react with other substances. The main disadvantage of this
material is its low mechanical properties, which prevent the use of this material for practical purposes. The solution to this problem
can be the addition of various additives to boron nitride, increasing its mechanical properties. Currently, to obtain products from
boron nitride the method of sintering turbostratic powders of boron nitride, the method of sintering under gas pressure and hot
pressing are used. In this paper, the influence of SisN4 and AIN additives on the physical and mechanical properties, structure of
boron nitride-based materials depending on the sintering temperature and the content of additives was investigated. The investi-
gated materials were obtained by hot pressing at temperatures ranging from 1360 to 1700°C. To intensify the sintering process,
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silicon nitrides (SizN4) and aluminum nitrides (AIN) were added to the powder mixture in varying amounts in addition to hexagonal
boron nitride. X-ray diffraction studies, porosity, density, modulus of elasticity and compression tests were carried out. The ob-
tained hot-pressed composite materials based on BN have a high degree of crystallinity, containing both crystal structures corre-
sponding to hexagonal boron nitride, silicon and aluminum nitrides, and phases of aluminum oxide, aluminum oxynitride and
silicon. Using the example of BN+ 10% SizN4 sample, it was found that the highest density of materials obtained at 1500°C is
3,02 g/cm® with porosity 0,29. The materials obtained at 1700°C have the highest elastic modulus and sound velocity:
E = 52,6 GPa, 9,, = 4389 m/s. It was found that the increase in the mass content of SizN4 and AIN additives contributes to a
significant increase in the density of the material. Increasing the hot pressing temperature from 1360 to 1500°C also contributes to
a significant increase in density. Values of elastic modulus and speed of sound do not change significantly with increasing the
content of SizN4 + AIN additives complex, but increase with increasing the hot pressing temperature and with increasing the mass
content of SizN, in the composition from 20% to 50%. Mechanical characteristics with increasing the content of SisNs + AIN
additive complex decreases, while with increasing the temperature of hot pressing strength increases. When increasing the mass
content of SisNy in the composition from 20% to 30%, the tensile strength increases significantly, at the same time, decreases with

the subsequent increase in the mass content of Siz;Na.
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BBenenne

I'paduromnonoOHbIi TreKcaroHANBHBIA HUATPUA OOpa
(h-BN) siBnsieTcst mepCeKTUBHBIM MaTEpHAaIoM ISl Me-
TaJUTYyPrHYeCKOH MPOMBIIUICHHOCTH OJ1aroapst BEICOKON
TeMIepaType IUIABICHUS W TEPMOCTOHKOCTH, HH3KON
CMaYMBaEMOCTH, a TAaKXe CIIOCOOHOCTH HE BCTYIAaTh B
peaxnuu ¢ IpyruMu BemmecTBaMu. OCHOBHBIM HEIOCTAT-
KOM JTaHHOTO MaTepuala SBISIOTCS €ro HU3KHE MEXaHH-
YeCKHEe CBOMCTBA, M3-32 YEr0 OTpaHMYCHA O0JACTh €ro
MPAKTUIECKOT0 MpUMeHeHus. PerreHreM HaHHOH mpo-
OJIeMBI MOXET CIIY>)KUTh BBEJICHHWE B HUTPHJ OOpa pas-
JUYHBIX JT00ABOK, TMOBBIMIAIONIMNX €0 MEXaHHYECKUE
CBOMCTBA.

Metonom criekaHusi TypOOCTPATHBIX TTOPOIIKOB HUT-
puaa 6opa ¢ mobaBiaecHHeM aMopdHOro Oopa, crpecco-
BaHHBIX [TPY KOMHATHOH TEMIIEpaType U CIICUEHHBIX B aT-
Mocepe azota ¢ TemmepaTypoii ot 1300 mo 1500°C, mo3-
BOJISICT MOYYUTh MAaTEPHAIIBI C BEICOKOH CTEIEHBIO YH-
cToThl — 10 99,5 macc. % [1]. [Tony4denHbIit MaTepuan 06-
naiaeT cTaOMIbHBIMA MEXaHHYECKHMU M JTHIJICKTpHYe-
CKHAMH XapaKTePHCTHKAMHU B TEMIIEPATYPHOM JTHAIa30HE
10 2000°C, TepMIUecKOil CTaOMITEHOCTHIO U H30TPOITHO-
CTBIO CBOKMCTB. JlaHHBIM METOJOM MOXKHO MONYYaTh
KpYITHOTa0apUTHBIC M3IENUS HAMHOTO OOIBINE, YeM H3-
JIeTTH S, TTOTyYSHHBIE TTUPOTUTHICCKIM HIIH TOpsYerpec-
COBaHHBIM METOJAaMH, OJHAKO IOPUCTOCThH MPH CIIEKa-
HUH TypOOCTpaTHBIX MOPOIIKOB cocTaBisieT 20—30 % 00.
B nHacrosiiee Bpemst OTeUECTBEHHBIEC TIPOU3BOIUTEIH HC-
MOJIB3YIOT CXOXKUH METOJI TOTYYCHHsI H3/IENUi U3 rpadu-
TOMOIOOHOTO HUTpHIA OOpa — MPH CIICKAHHH HCIIONb3Y-
F0TCST OOpPOpPraHUUYeCcKHe COeTUHEHNS. JJaHHbIA MeTO T Ha3bl-
BaeTcs ra3oasHbIM OcaKaeHUEM [2].

HUcnons3oBanue SiC, ZrB; u ZrO; B kauecTBe 100aBOK
MPHU CHHTE3¢ KOMIIO3UIIMOHHBIX MAaTEPUAIOB HA OCHOBE

HUTpUIa 6opa ObUTO ocBelieHO B pabdore [3]. [Ipumene-
HUE KapOuIa KpeMHUS U MUOOpHIa IUPKOHUS MTO3BOJISIET
MOBBICUTh MEXaHUYECKUE CBOMCTBA, CTOMKOCTh K OKHC-
JIEHUIO, a TAK)Ke YMEHBLINTh CTENIEHb HETATUBHOTO BJIM-
SIHUSI TETIIIOBOTO pacuinperus. IlonoxurenbHoe BIUSHNAE
no6aBok SiC u ZrB; Ha nepeunciieHHbIe CBOMCTBA HATPSI-
MYIO CKa3bIBa€TCs Ha MOBBIIICHUN YP(PEKTUBHOCTH TaH-
HBIX W3JIEJIMH TPU 3KCIUTyaTallud B YCIOBHUSX BBICOKHX
TeMIiepatyp. BBenenue nuokcuaa HUPKOHUS B KayecTBE
NO00aBKH TP TOJMYYCHUM W3ICIHA W3 HUTpHma Oopa
o0ecreunBaeT MOBHIIICHUE KOPPO3UOHHOH CTOHKOCTH U
MPOYHOCTHBIX CBOWCTB 3a CUYET TpaHc(hOpMAIHOHHOTO
ynpounenus. [lepen30biTok ZrO; MPUBOAUT K CHIXKSHUIO
tepMmocTorikocTH. Jlo6aBku ZrO,, SiC u ZrB no3soauiu
MOJIyYUTh MaTepualibl C MPOYHOCTHIO MPU CXKATHH 0
174 MIla, TemionpoBoaHocThiO 10 42 B1/™M-K, Tepmo-
CTOMKOCTBIO CBBIIIIE 7 HUKJIOB pH TemmepaType 1600°C.

CymiecTByeT ciocod HMOMydeHUs] HUTpHIa 6opa METo-
JIOM CaMOpacIpacTpaHsIOIErocs BBICOKOTEMIIEpATyp-
Horo cunte3a (CBC) myTéM XMMHYECKOro BOCCTaHOBJIE-
HUS OKcHIa Oopa aIFOMUHKEM B cperie a30Ta [4]. YcraHoB-
neno, uro MetonoM CBC mopomrkoB B cucteme B,03-Al
MOXHO Ioiy4uTh Matepuai BN-ALOs, coneprxanmii 20-
28 mac. % reKkcaroHaJpbHOTO HUTpHIA Oopa B 3aBUCHMO-
CTH OT AaBJI€HUs a30Ta. MUKPOCTPYKTYpHBIE UCCIIEI0BA-
HUSA MOKa3aJd, YTO MOJYYEHHbIE MOPOILIKOBBIE MaTEPHU-
aJbl coJiepKaT OTAENbHbIE FeKcaroHajabHble YacTUullbl BN
pazMepoM <3 MKM.

Ornucanue nosy4yeHHs TOPUCTOr0 KOMITO3UIIMOHHOTO
MaTepuana Ha ocHoBe BN MeTonoM criekaHus O]l 1aB-
JeHneM rasa ¢ jgobaBneHreM SizNg, IpU pa3IHIHOM CO-
nepxkannn BN, nmpuBeneno B padote [5]. B kauecTBe mo-
poobpazoBaTesisi B TEXHOJIOTUM TOJYYEHHUS KOMITO3HUTa
ucrionsp3oBamm 10% Oenzolinyto kucnoty. [lo pesynbpra-
TaM HCCIEeIOBaHUNA YCTaHOBJEHO, YTO YBEJIUYECHHE
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coaepkanusi BN NpHBOIUT K YBETUYEHHIO KaKyIIEHCA
mopuctoctd kommnosuta BN/Si3N4 no 21,2%, cnenoa-
TEJIbHO, U K CHUKECHHIO TPOYHOCTHBIX CBOUCTB. OHAKO
JIUBJICKTPUYECKHUE XaPaKTEPUCTUKH KEPAMHUIECKOTO KOM-
MMO3UTa HA OCHOBE HUTPHUJA OOpa MOBBICHIIKCH: TIPU CO-
nepkanun ¢assl BN B xomuuectse 10% auanexTpuye-
CKasl IPOHULIAEMOCTh COCTaBisieT 5,14, a TaHreHc yria
nuanekrpuyeckux norepp — 0,0085. B cpaBHeHuH ¢ mo-
pucteM Si3N4 6e3 BN 3HaueHUs MOITy4eHHOT0 KOMIIO3H-
HUOHHOTO MaTepuana Ha 33,5 u 62,2% nmxe. HecMmoTps
Ha TeHJCHIUIO K TOBBIILIEHUIO KaXXyLIeHCs MOPUCTOCTH U
CHIDKEHUIO  MEXaHHMYECKMX  CBOWCTB  KOMIIO3UTA
BN/Si3N4 ¢ 10% BN, npo4HocTh Ha U3rud JaHHOTO Ma-
tepuana coctaBuwia 190,1 MIla npu BsI3koCTH paspyliie-
Hus B 4,16 MITa-m'?

MatepuaJibl 1 METOABI

HUccnemyeMbie MaTepralibl HOIYYEHBI METOJIOM Topsi-
4yero mpeccoBaHud npu temmnepatype ot 1360 no 1700°C.
Jns mHTeHCH(UKAIIMY TpoLlecca CIIEKaHUs B COCTAB O-
POIIKOBOW CMECH KPpOMeE F'eKCaroHaJIbHOT0 HUTpHUaa 6opa

no0aBieHbI HUTPHIBI KpeMHUS (SizN4) u amomunus (AIN)
B pa3MyHOM KomuecTBe. CTpYKTYpy UCXOIHBIX U CIIEUYEH-
HBIX MATCPHAJIOB HCCIICIOBAT METOIOM PEHTreHo(a30-
BOT'O aHAJI3a CO CKOPOCTBIO CHEMKH 2°/MHH C HCIIONIb30Ba-
nHueM Shimadzu XRD-6000 (Shimadzu Corporation, Tokwo,
Snonwmst) ¢ CuKa-u3imydenusi ¢ Ni-¢unstpom. U nentudrka-
uus pesyisratoB POA mpoBommiachk ¢ mpUMEHEHHEM MPo-
rpammuoro obecriedenus Crystallographica Search Match u
kaproteku JCPDS. TINOTHOCTD U MOPUCTOCTH KOMITO3HILIM-
OHHBIX MaTepUaJIOB HA OCHOBE rekcaroHanbHoro BN m3me-
PSUTH METOZIOM ruApocTaTiyeckoro BigemmBanus no 'OCT
9391-80 [6] u T'OCT 24409-80 [7].

B Tabn. 1 mpencTaBiueHsl COCTaB M TEMIIEPATypa TO-
psAYero mpeccoBaHMs MPH CUHTE3€ MaTEepHaiOB Ha OC-
HOBE T€KCarOHAIBHOTO HUTpUIA Oopa.

Monynp yIpyrocTH ONpeaesisiid METOJI0OM Pe30HaHC-
HBIX KosteOaHnii Ha ycraHoBke «3BYK—130». ITo u3Bect-
HBIM PE30HAHCHBIM YaCTOTAM ITOJICUYUTHIBAN YIIPYTHE
MOCTOSIHHBIE MaTepuanoB [8]. TOYHOCTh U3MEpeHus Cco-
craBuna 1-2%. MexaHn4ecKre UCTIBITAHNS 00pas3IoB Ha
cKaThe MPOBOJMIN Ha YHUBEPCAIBHON HCIBITATEIIEHON
MmanmHe «Shimadzu AG-300kNX».

Tabnuma 1

CocTaB MaTepHaJIoB M TEMIIEPATypa MPOLecca ropsivero NpeccoBaHusl MATEPHAJIOB HA OCHOBE HUTPHIA Gopa

Ne obpaszma CocraB marepuana Temneparypa ropsiaero npeccosanus, °C
1 BN + 5% AIN + 5 % SizNyg 1500
2 BN + 10 % AIN + 10 % Si3Ng 1500
3 BN + 10 % SizN4 1360
4 BN + 10 % SizN4 1500
5 BN + 10 % Si3Ng 1700
6 BN + 20 % SizN4 1500
7 BN + 30 % SizNg 1500
8 BN + 50 % Si3Ng 1500

PesynbTarsl

DazoBblii COCTAB MOMYYEHHBIX TOPAYETIPECCOBAHHBIX Ma-
TEPUAIIOB HAa OCHOBE HUTpHIA OOpa Ipe/ICTaBleH Ha puc. 1-3.
Hcxons w3 MONydeHHBIX AUGPAKTOTpAMM, MOXKHO
cieNlaTh BBIBOJI, YTO MOJIYy4YEHHBIE TOpAYETIPECCOBAaHHbBIE
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TOHAFHOMY HUTPHIY OOpa, HUTPHIAM KPEMHHUS U aJko-
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Puc. 1. ludpaxrorpamMmsl MaTepraaoB Ha ocHOBe BN, moydeHHBIX Ipu TeMIieparype ropsiaero mpeccosanmst 1500°C
¢ no6askoit 5% AIN + 5% SizsNa (a) 10% AIN + 10% SizsNa (b)

Fig. 1. XRD patterns of BN-based materials obtained at hot pressing temperature of 1500°C
with 5% AIN + 5% Si3Na4 (a) 10% AIN + 10% Si3Na (b)
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Puc. 2. luppakrorpammel MaTepranoB Ha ocHoBe BN ¢ conepxannem 10% SizN4, moITydeHHBIX
pu Temrieparype ropsiaero mnpeccopanus 1360°C (a), 1500°C (b) u 1700°C (c)

Fig. 2. XRD patterns of BN-based materials containing 10% SizN4 obtained at hot pressing temperatures
of 1360°C (a), 1500°C (b) and 1700°C (c)
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Puc. 3. ludpaxrorpamMmsl MaTepraaoB Ha ocHOBe BN, momydeHHBIX Ipu TeMiiepartype ropsiaero mpeccosanmst 1500°C
¢ no6askoit 20% SizNa (a), 30% SizNa (b), 50% SizNa4 (c)

Fig. 3. XRD patterns of BN-based materials obtained at hot pressing temperature of 1500°C
with 20% SisNa (a), 30% SizsNa (b), 50% SizN4 (c) additive
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Jts uccnieioBaHus BIUSHUS TEMIICPATyPhl TOPSUETO
MpeccoBaHMsl HA MJIOTHOCTh U MOPUCTOCTh KOMIO3UILIU-
[OHHBIX MAaTEPUAJIOB HA OCHOBE I'€KCArOHAIBHOTO HUT-
puna 6opa Oputa BeIOpana koMmo3urus BN + 10% SizNy
(puc. 4).

U3 rpadukoB (puc. 4) MOXKHO CHENATh BBIBOM, YTO
HaMOOJBINEH MIIOTHOCTHIO 00TaaF0T MAaTePHAIBI, IOy~
yeHHble TIpu Temmepatype 1500°C — 3,02 r/cm® mpu mo-
puctoctu 0,29.
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CBoAHbBIC Pe3yNbTaThl HCCIICAOBAHMUS CBOWCTB, MOMYYCH-
HBIX MAaTepUaaoB Ha OCHOBE HUTPHIa O0pa, MPHBEICHBI B
Tabm. 2.

VCTaHOBIICHO, YTO YBEIMYCHUE CONCPIKAHUS 100aBOK
SisNs u AIN crnocoOcTByeT cynieCTBEHHOMY HOBBIIIIE-
HHIO MJIOTHOCTH MaTepHJIa.

60

500
—&— Monyis ynpyrocty, I'Tlal a0

—=— CKOpOCTb 3ByKa, M/C

1

4000

1

3500

3000

CKOpOCTBb 3ByKa, M/C

2500

2000

1 1 1 1 1 1 1 1
1350 1400 1450 1500 1550 1600 1650 1700

Temmneparypa, °C
b
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OT TEMIIEpaTyphl FOpsSIeNpeccOBaHHBIX MaTepruanoB coctaBa BN + 10% Si3N4

Fig. 4. Dependence of density and porosity (a) and elastic modulus and speed of sound (b) on temperature of BN + 10% SizNy4

Tabnuia 2

CaoiicTBa ropsiyenpeccoBaHHbIX MATEPHAJIOB HAa OCHOBE HUTPUIa Gopa

Ne obpaszma IL1oTHOCTE, T/eM® [opucrocts, % Mogyis ynpyrocty, I'Tla | CkopocTs 3Byka, M/c
1 2,73 10,39 23,0 2783
2 2,97 1,19 20,0 2710
3 2,72 8,59 11,5 2054
4 3,02 0,29 20,9 2638
5 2,73 0,52 52,6 4389
6 2,79 2,88 18,2 2555
7 2,80 0,97 27,3 3122
8 2,66 0,12 38,9 3687
3,05 - - 3800
- —®— [JIOTHOCTB, r/em® 15
4 - === e “f -
|—— CKopOCTb 3ByKa, M/C -
2,95 |- 425
ENi 35 3400 ©
"‘5 29 - X E
= 17 ¢ < 3200 g
g" 2,85 |- g 30 8
415 8
E 2sf . . g - 3000 ‘g‘
= = g s g
275 - 7! § 4 2800 S
27+ 0f  w
> - 0,5 \ - 2600
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a
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Copnepoxanue Si;N,, macc. %

b

Puc. 5. 3aBUCUMOCTB [UIOTHOCTH U IOPHCTOCTH (@), MOJYJIsl YIPYTOCTH U CKOPOCTH 3ByKa (b)
ot comepkanms SizNa mpu Temmnepartype npeccoBanust 1500°C

Fig. 5. Dependence of density and porosity (), modulus of elasticity and speed of sound (b)
on SizN4 content at pressing temperature 1500°C
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Hccneoosanue enuanus 0obasox SizNy u AIN Ha nonyuenue u coticmea 20pauenpeco8antbix Mamepuaios

[ToBblmIeHNe TEMIIEpaTyphl TOPSTYETO MPECCOBAHMS
¢ 1360 mo 1500°C Takxe crocoOCTBYeT CyLIeCTBEH-
HOMY IOBBILIIEHHUIO IJIOTHOCTH. [Ipu 3TOM mocnenyto-
11ee MOBBIIIEHNE TEMITePAaTYpPhl TOPSUYETO IIPECCOBAHUS
70 1700°C He oka3bIBaeT CYLIECTBEHHOrO BIMSHUS Ha
TUIOTHOCTh TOPAYENPECCOBAaHHOTO MaTepHaia Ha Oc-
HOBE IeKCaroHaJIbHOI'0 HUTpUAa Oopa. 3HaueHHs MO-
IyJsl YIPYTrOCTH U CKOPOCTH 3ByKa CYIIECTBEHHO He

M3MEHSIOTCS C MOBBIIIEHHEM COJIEPXKAaHUS KOMILIEKC-
Ho# no6aBku Si3N4 + AIN, mpu 3TOM BO3pacTaroT ¢ Mo-
BBIIIEHUEM TEeMIIepaTypbl TOpSYero MpeccoBaHUs, a
Tak)Ke NMPH MOBBIIIEHUH coxepkanus SisN4 B cocTaBe
Matepuana ¢ 20 1o 50%. Pe3ynbraTel uccnenoBaHus
MPOYHOCTH MOJYYEHHBIX TOPsYEIPECCOBaHHBIX MaTe-
pHaJIoB Ha OCHOBE TI'eKCaroHaJbHOrO HHUTpHAA Oopa
MpUBEACHHI B Ta0. 3.

Tabnuia 3

IIpoyHOCTH ropsiuenpeccoBaHHbIX MATEPHAJIOB Ha OCHOBE HUTPHIA Oopa

Ne obpasma a. MMPa3MepH obpasua Ry Harpyska P, kr [IpouHoCTh NpU CHKATUH Gex, MIIa
1 10,83 2,84 121 128,9
2 10,89 2,58 84 88,5
3 10,64 3,25 144 159,1
4 11,08 3,04 160 156,6
5 10,82 1,55 191 203,9
6 11,18 2,82 108 103,9
7 11,17 2,49 192 192,3
8 11,19 4,80 124 125,9

Hcxons U3 MONy4YeHHBIX pe3ynbTaToB (Tabdm. 3),
MOXHO CJAeJaTh BBIBOJ, YTO MpeAe] NMPOUYHOCTH MpPH
CXKAaTUH C MOBBIIIEHHEM COJiepKaHus J00aBoK SisNg +
AIN cHMXaeTcs, IPH 3TOM C MOBBILIEHUEM TeMIlepa-
TypBl TOPSIUEro IPECCOBaHUS Ipesied IPOUYHOCTU BO3-
pactaeT. IIpy NOBBIIEHMH MAacCOBOTO COJCpKaHUS
Si3N4 B coctase ¢ 20 10 30% npesen MpoOYHOCTH CyIIe-
CTBEHHO YBEJIUYMUBACTCS, IPU 3TOM €ro 3Ha4€HUs CHU-
KAIOTCS MPU MOCIEAYIOLUIEM YBEIUYEHUN COACPKAHUS
SizNj.

Pesynbratel u3 Tabu. 2 u 3 g obpasuos BN + 5%
AIN + 5% SisN4 u BN + 10% AIN + 10% Si3N4, nomny-
YEHHBIX NpPU OAUHAKOBOM TeMIepaType, He yKJajblBa-
I0TCSI B OOI1YI0 TCHACHLUIO, TaK KaK 3HAYEHUS] CKOPOCTH
3ByKa paBHbl (2783 u 2710 m/c), omHaKO 3HAYEHHS IOPH-
croctu (10,39 u 1,19%) u npounoctu Ha cxatue (128,9
u 88,5 Mlla) cunpHO pasuarcs. [IpeanonoxuTensHO
JlaHHBIe 00pasIbl Pa3INYHBI IO CBOCH CTPYKType BBHIY

Pa3HOCTH COCTaBa, YTO TAKXKE CKA3bIBAETCSI HA MIOPHCTO-
CTH W IPOYHOCTH HA cxaTue. JlanHas 0coOeHHOCTH CTPO-
eHust OyieT m3ydeHa NpH JanbHeiei padore B 3TOM
HaIMpaBJICHUU.

BriBoabI

[IpoBenénnpie uccieoBaHUS MOKAa3bIBAIOT, YTO Me-
TOJ] TOPSYETO MPECCOBAaHMS HUTpHIA Oopa B IHana3oHe
temneparyp ot 1360 go 1700°C ¢ nobaBkamu AIN u SizNy
MO3BOJISET MOTyYaTh KEPAMUIECKUE KOMIIO3UIMOHHBIE Ma-
Tepuaibl Ha ocHOBe BN ¢ BBICOKOW CTENEHBIO KPUCTAIUTNY-
HoctH. HauOonblnasg IOoTHOCTH 0Opa3IoB COCTaBISET
3 + 0.03 r/em® u cooTBercTBYeT KoMmosumaM BN + 5%
AIN + 5% SisNsu BN + 10% Si3N4, mosry4eHHbIM 11pH
temnieparype 1500°C. HanbGomnbme MOIyb yIpyrocTu
U CKOPOCTb 3BYyKa JJOCTUTAIOTCS IPU TeMIepaType rops-
yero npeccoBanus 1700°C.
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