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BILIMB TUCKY HA ®OPMYBAHHS CTPYKTYPH I BIACTUBOCTEN
HAJATBEPIUX PcBN MATEPIAJIIB

Hocniosxceno eniug mucky Ha Xxono0ue npecysamHs i cnikanus nopowkie CBN 6e3 dobasox i 3
dobaskoro 10% Al. Bemarnosneno éniiug mucky Ha Xapakmepucmuki nopucmol cmpykmypu, pazosutl ckaao,
Odepexmuicmsb has, eycmuny i meepoicmes KOMHO3UMIG.

Knrouoei cnosa: sucoxuti muck, cnikanus, KyOiuHuii Himpuo Oopy, nopucmicms, azo06uil CKIa,
TYCTHHA, TBEPICTb.

Beryn
CyuacHi PCBN marepianu (momikpucTadiuHi HaATBEpAl MaTepiald Ha OCHOBI KyOi4HOTO
HiTpuay O0opy) — e kepamiuni komrno3utH 3 BMictoM CBN Big 45 1o maibxe 100 %, npusHadeni s
TOYIHHS 3arapTOBaHUX CTaJiel, CIEICIUIaBiB, HAIUIABJICHUX 1 HAMWICHHX MOKpUTTIB [1, 2].
Opepxytore  PCBN  marepianiu ~ Meromamu
p, ['la MTOPOIIKOBOT MeTanyprii (CrikaHHSAM IOPOIIKIB) 3

12] 3aCTOCYBAHHSIM TEXHOJIOT'1H BUCOKOT'O THCKY.
104 Meton cmikaHHS JI03BOJISIE  BapiroBaTH
3 BIACTHBOCTSMH  KOMIIO3HMTIB 33  PaXyHOK
_ 3aCTOCYBaHHsA Ppi3HUX 100aBok, HeoOxigHICTh
6 1 3aCTOCYBaHHSI BUCOKHUX THCKIB BHKJIMKAHA THM, IO
4. CBN — ¢aza BHCOKOr0O THCKY, NpPU TeMIepaTypax
. cinikanns (1700 K 1 Bume) o0iacts cTabiIbHOCTI

24 CcBN — npu trckax Bumie 4 ['Tla.

0] . gy Ha puc. | mokazaHO IiHiO piBHOBaru
300 1000 1600 2300 3100 KyOiuHoi Ta rTpaditononionoi a3z [3], rpanwumi
Tevmeparypa, K - TepMivHO1 akTuBauii (a3oBux nepexonis BN, <
Puc. 1. p, T —diaepama cnikannsi ¢cBN: 1 —  BNgg, [3, 4], a Takoxk 001acTi CHiKaHHs MOPOIIKiB
ainis pasoeoi pienosacu hBN - CBN; 2 —  ¢cBN 6e3 106aBOK i peakuiliiHOro aKTHBOBAHOTO

epanuyi mepmiuHoi akmusayii nepexodié  cnikauus [5]. Sk BUAHO 3 puc. 1, BUCOKHI TUCK —
hBN—cBN, cBN—hBN; 3 — obracmby  neobximna ymMoBa CIIiKaHHS.

cnikanHs nopowkie CBN be3 dobasox,; 4 — Merta 1aHoi poOOTH — TOCTI)KEHHS BILIUBY
obnacme  peaxyitino2o,  AKMUB06AHO20  THCKY Ha (pOPMYBAHHS CTPYKTYPH i BIaCTHBOCTEH
cnixanus nopowkie CBN cBN komno3uriB, ofepKaHuX MpU THUCKaxX BHIIE 1

['Tla 1 mpoaHami3yBaTH MOMJIMBICTH OICPIKAHHSI
PcBN wmarepianiB npu Tckax Hmwkdye 4 ITla B oOmacti crtabinbHOCTI TrpadiTononoaioHoro
rekcaronajgpHoro Hirpuay 6opy (hBN).
MeToan a0CTiIKeHb
Hocninn npoogwmm B ctaneBux (tucku 1-51ITla) 1 tBepaocruraaux (8 I'Tla) amaparax
Bucokoro Tucky (ABT) [4]. B Tabxa. 1 npuBeneni xapaktepuctuku ABT, ski BUKOPHCTOBYBaJIHCh
MIPU BUKOHAHHI JTOCJTiPKCHb.
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Buxinni nmopomku CBN 3 po3mipom 3epen Big 1 go 100 MKM By3bKOTO Jiara3oHy
3epHUCTOCTEH (po3Mip 3epeH B Ppakilii Biapi3HAeThes HE Oinblne Hix Ha 50 %). BapianTu muxTtu —
nopomiok CBN 6e3 mo6aBok Ta 3 gob6askoro amominito (10 % 3a mMacoro). Meronu mOCTIIKEHb —
PTYTHA IIOPOMETPIs AJIsi BU3HAYECHHS TOPUCTOCTI 1 pO3Mipy MOP; TiAPOCTATUUHE 3Ba>KyBaHHS B PiAMHI
IUIE  BU3HAYEHHS TYCTHHU; PEHTTCHOCTYKTYHHWH aHami3 Uil BU3HAYCHHS XapaKTePUCTHK
cyOoCcTpyKTYypH 1 (ha30Boro ckiaay; iHAeHTyBaHHs Hipaminoro Kuymna npu nHaBantakeHHi 10 H mns
BU3HAYCHHS TBEPAOCTI.

Tabnuis 1. XapakTepucTHKH anapaTiB BUCOKOI0 THUCKY, sIKi BAKOPUCTOBYBAJIUCH MPH
BHKOHAHHI 10CJIi/IZKeHb

Tun ABT Marepian Excrutyarariiitai MaxkcumanbHi po3Mipu
BCTaBKHU XapaKTEPUCTUKU noikpuctanisa KHb
OJI0K- Tuck, | Temnepa- 06’em D, H, V, Vol Vg
MaTpHIl I'Tla Typa, K BT, em® | MM MM o’

Topoin-20 BK6 7,7 2300 1,7 8,5 45 1| 0,25 0,15
K3-35 BK6 4,2 1750 11 140 | 100 | 2,0 0,16
K3-55 [HCTpYyMEH- 4,2 1750 43 27,0 | 150 | 85 0,20

TaJbHA CTAJb

Pe3yabTaTH Ta iX 00rOBOpEHHS

[ocimoBHICTh TEXHOJOTIYHMUX omepamiii npu onepxkanHi PCBN kommos3urtiB HacTymHa:
npecyBanHsi mopomkiB CBN (mmxTtn) B ABT mpu kimnataiii temmneparypi, Tuck 1 — 8 ITla;
HarpiBaHHs IpU BUCOKOMY THCKY (Temmepatypa 750-2300 K); oxonomxenns no tremmneparyp 300—
500 K; 3HATTS TUCKY.

Ha mepmomy erami (mepecyBaHHsI Ipy KIMHATHIM TemriepaTypi) BiiOyBa€eThCs YIIiTbHEHHS
MOPOIIIKiB, YaCTKOBE KPUXKE PyHHYBaHHs, IlacTuyHa aAedopmaris. B Tabma. 2 npuBeneHi BU3HaueH1
METOZOM PTYTHOI MMOPOMETPIi 3aJIe)KHOCTI OPUCTOCTI, BIAHOCHOI TUTOMOI TOBEPXHI Ta CEPEIHHOTO
e(eKTUBHOTO JliaMeTpy KaHaJiB M>K IIOPaMU BiJl TUCKY IPH XOJIOIHOMY IIpecyBaHH1 mopomikis CBN
Mapok KM 5/3 Ta KM 60/40 [6], a B Tab11. 3 — po3paxoBaHi 3a JaHUMH Ta0JI. 2 CepeHii po3Mip 1mop,
cepeqHii po3Mip 3epHa 1 KiJIbKICTh 3€pEH B OJIMHUII MacH B 3aJIC)KHOCTI BiJl THCKY MTPECYBaHHS MPH
KIMHATHI{ TeMneparypi.

Tabnuus 2. 3ajieskHicTh MOPUCTOCTI, Bi/THOCHOI NMTOMOI OBEPXHi Ta cepeIHbOr0 e()eKTUBHOT O
AiaMeTpy KaHAJIB MIXK IOPaMHM Bil THCKY IIPH XO0JIOAHOMY NpPeCyBaHHi MOPOLIKIiB

cBN
Mapka Tuck npecyBanns, ['lla
cBN 02 | 1 | 2 | 3 [ 4 | 5 | 8
ITopucricth ctucHeHoro 6pukery CBN, %
KM 5/3 55 43 39 36 32 30 26
KM 60/40 42 34 30 26 23 21 16
Cepenniil po3Mip KaHaJIiB Mk HOpaMu B cTUCHeHOMY OpukeTi CBN, MM
KM 5/3 0,8 0,6 0,45 0,35 0,3 0,28 0,25
KM 60/40 - - - 2,0 1,4 1,0 0,4
BinnocHa nutomMa moBepXHsI MOPOIIKY, BIJIH. OJI.

KM 5/3 1,0 1,0 1,0 1,1 1,2 1,3 1,3
KM 60/40 1,0 2,0 3,3 3,7 3,9 4,1 4,3

385



Bwinyck 20. [IOPOHOPA3PYIIAIOLUIMY U METAJIOOBPABATBIBAIOIIIMH HHCTPYMEHT — TEXHHUKA
U TEXHOJIOI'UA EI'O U3I'OTOBJIEHUA U IPUMEHEHUA

Tabnuis 3. 3aeKHicTh cepeHbOTO0 liaMeTpy Mop, CePeIHbOro po3Mipy 3epHa i KiibKocTi

3epeH B OJIMHUILi MACH BiJ THCKY IPH X0JIOIHOMY NpecyBaHHi nopomkis CBN

Mapka Tuck npecysanns, I'1la
cBN 102 | 1 | 2 | 3 [ 4 | 5 | 8
Cepenniii po3mip mop B ctucHeHOMY OpukeTi CBN, MM
KM 5/3 4,3 3,7 3,4 3,0 2,6 2,3 2,2
KM 60/40 45 20 11,5 9,5 8,6 7,8 7,0
CepenHiii po3Mmip 3epHa CBN, Mxm

KM 5/3 4,0 4,0 4,0 3,64 3,33 | 3,08 3,08

KM 60/40 50 25 15,2 13,5 12,8 12,2 11,6
Kinbkicts 3epen CBN, %

KM 5/3 100 100 100 133 173 219 219

KM 60/40 100 800 3600 5100 6000 | 6900 8000

Jani Tabn. 3 omepikaHi B pe3yabTaTi HACTYITHUX PO3PaxyHKIB.

Pospaxynok edpextuBHOro posmipy nop (d) B kommakrax 3 mopoinkie CBN micis koxHOT
TEXHOJIOTIYHOT OTeparlii BUKOHYBAJU 32 (OPMYIIOI0, III0 MOJICIIOE TIPOIIECH B TIOPUCTIH CUCTEMI, TPH
SKHUX YIIUTBHEHHS HE CYNPOBOKYETHCS KOATYIALIEI0 MMOP 1 30Mparoyor0 peKpHrcTalizaii€eo, To0To
KUIBKICTh TIOp, K 1 B BHXIJIHOMY CTaHI MOPOIIKOBOI CHCTEMH, JOPIBHIOE KUIBKOCTI 3€pEeH, TOMY
11 % :

i J , TyT D — po3mip 3epHa CBN,

BUKOHYeTHCA criBBiHomenns (0i/Di)®= ITi/(1-1T;); abo d, =D, (

11 — nopucTicTb OpUKeTYy.

[Ipu po3paxyHKy cepeanboro po3mipy 3epHa CBN 1 kinmbkocti 3epen CBN B ogununi macu
BBaXKaJIM, 110 3€pHA MaIOTh (OpMY KyJli, TOMYy BUKOPHUCTOBYBAJIM HACTYIHI (POPMYJIU: TOBEPXHS
vyactuaku (kymi) S =zd ?; 00’€M YACTHHKH V = %ﬂd% MUTOMA TIOBEPXHSA YACTHHKH § =%=§;
JiaMeTp YacTUHKU ( = i ; KUTBKICTh YaCTUHOK B OJMHUIN 00’eMy [V] N = i\/s] .

spes d

Amnani3 naaux Taou. 2 1 3 703BoIIsIE 3pOOUTH HACTYITHI BUCHOBKH:

[Ipu nmpecyBanni nopomkiB CBN mopucTicTs 1 po3Mmip Mop 3aKOHOMIPHO 3MEHIIYIOTHCS 31
30UIBIIICHHSM THCKY NpecyBaHHA. B OpukeTax, cripecoBaHux 3 KpynHUX nmopomkiB CBN mopucrticts
HIDKYA, @ po3Mip mop OibIINi, HiXK B OpUKeTax, CIIPeCOBAaHUX 3 APIOHUX MOPOLIKIB. 3MiHY T'YCTUHHU
CIIpecOBaHUX OPHUKETIB 31 3MIHOIO THUCKY MPECYBAaHHS 1 PO3MIPY 3€peH BUXITHUX MOPOIIKIB MOYKHA
OIMCATH CTETIeHEeBOIO (YHKINi€0 Buay p=ap™d", ne p — rycTiuHa OpHuKeTa, P — THCK pecyBaHHs, d

— po3mip 3epeH BuxigHoro mopomky CBN, a, m i n — crani. J{ns mopomkis CBN 3 po3mipom 3epeH
Big 1 1o 100 MkMm i TuckiB mpecyBanns Bix 1 mo 10 I'Tla ¢popmyny mMoxHa 3anmucatd y BUTIISIL
p=54p°2d*% tyr p B %, p B I'Ila, d B MKM.

30UIb1LIEHHS TUCKY IIPECYBAHHS TPU3BOJUTH J10 30UIBIIEHHS MMTOMOI TOBepxHi nopomky CBN,
1110 MOB’A3aHO 3 ApoOieHHsIM nopoulky [4]. KpymHi nmopomku 1poOisThCsl IHTEHCHUBHIILE, TOYaTOK
NpoOJIeHHs HACTyMHae Mpu MeHIMX Tuckax. CepeaHiil po3mip 3epeH CBN 3akOHOMIPHO 3MEHIIYEThCS
31 30UIBIIEHHSM THUCKY MPECYBAaHHS, BIIMOBIHO 3pOCTA€ KIIbKICTh 3€PEH B OJMHUIII MAaCH MOPOILIKY.
Sxmo ans nopomky KM 5/3 npu tucky npecyBanns 8 ['Tla cepenniii po3mip 3epHa 3MeHIIyeTbes B 1,3
pasu, To nns mopomky KM 60/40 — B 4,3 pa3u. [HTEHCUBHICTH ApOOJIEHHS MOXKHA TMOKa3aTH 1
po3paxyBaBIlIM CKUIBKM 3€peH OyAe y mopoiuky micis npecyBanHs npu Tucky 8 I'Tla 100 3epen
BUXIAHOTO nopoiky; it KM 5/3 maemo 219 3epeH, ToOTO 3 OAHOr0 3epHA BUX1JAHOIO MaeMO 2 MICIsA
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npecyBanns; 1t KM 60/40 maemo 8000 3epeH, TOOTO 3 OAHOTO 3epHa BUXITHOTO MaeMo 80 miciis
NpEeCyBaHHs, IHTEHCUBHICTH JipobienHs nopomky KM 60/40 B 40 pa3 Buiua, Hixk KM 5/3.

s 6e3mocepeHhOT0 KOHTPOJIIO 32 MPOIECOM XOJOJHOTO YIIUIFHEHHS BHKOPHCTaHA
METO/IMKa, 3aCHOBaHA Ha BUMIPIOBAHHI €JIEKTPUYHOTO ONOpPY BMIIIEHOro B pobouuii 00'em ABJI
nopoiiky CBN, momepeaHb0 MOKPUTOro TOHKUM ImapoMm rpadity 3a meroaukoro [7]. B Tabn. 4
NIPUBEJICHA 3aJI€KHICTh BITHOCHOTO €JIEKTPOOIIOPY MOPOLIKY BiJl TUCKY IPECYBAHHS.

Tabnuus 4. 3ajexkHicTs BiZHOCHOr0 esieKTpoonopy mnopomky CBN, mokputoro mnjiBkoio
rpagiry, Bii THCKY NpecyBaHHS

Mapka Tuck, I'Tla

cBN 01 /05[] 08 ] 10| 13] 17 ] 25 |35] 42 |55 ] 65 ] 80

EnexTpoorip cTuCHEHOro OpUKETY, BiAH. OJ.

KM 5/3 - 1,1 | 105103101 | 100 | 102|104 | 106 | 107 | 1,08

KM60/40 | 108 | 10 | 1,2 |135]145| 18 | 20 | 22 | 235 | 24 | 243 | 245

Amnani3z gaHux tabia. 4 103BOJIsIE CTBEPAXKYBATH, IO MPHU XOJOJHOMY IPECyBaHHI MOPOIIKY
CcBN, mokpuroro ToHkor0 MmIiBKOI0 rpadity (mo 0,02 MKM) 30iTBIICHHS €IEKTPOOIIOPY MOB’I3aHO 3
npoOaeHHsAM mopomkiB CBN, MiHIManbHHI €JIeKTpOOoIip BiAMOBIIA€ MOYATKY APOOICHHS, IS
nopomky KM 5/3 e 2,5 I'Tla, g KM 60/40 — 0,5 I'Tla. [TixBuIieHHS €1€KTPOOTIOPY AJS KPYITHHX
MMOPONIKIB 3HAYHO OiIbINE, HDK IJIs APIOHUX, 1€ KOPETe 31 301IBIICHHSAM IUTOMOI MOBEPXHI
MOPOIIIKIB 1 IHTEHCHUBHOCTI IPOOJICHHS.

Cnikanns nopoukiB CBN 6e3 no6asok npu tuckax ao 7 I'Tla i remneparypax Bume 1200 K
CYIPOBOUKYETHCS HE3BOPOTHIM (a3zoBuM mepexogomM CBN — hBN, Taki mosikpucranu MarTh
HHU3BKY TBEPAICTh 1 MilIHICTh Yepe3 Brucokuit BMicT hBN i 3nauny mopucticts [8]. I TibKH mpH THCKaX
Bumie 7 I'Tla i temneparypi Bume 2100 K MoxIIMBO osiepkaTi NPaKTUIHO OE3MOPUCTI BUCOKOTBEPI
onHodasui momikpuctaau CBN [8, 9].

[pu npecyBanHi mopomkis CBN po3mip kaHamiB MiXk MopamMu 3aKOHOMIPHO 3MEHIITYIOTHCS 31
301IBIICHHSAM THUCKY TpecyBaHHS. B 3paskax, cmpecoBaHuX 3 KpymHUX mopomikiB CBN poswmip
KaHaIiB M TIoOpaMu OUTBIINH, HIXK B 3pa3kax 3 IpiOHuX mopomkiB. B Tabn. 5 npuBeneni cepeai
po3MipH KaHalliB MiXK Topamu B 3pa3kax CBN, oxepxanux npu pi3HUX TeMIiepaTtypax, B 3aJ1€KHOCTI
BiJ TUCKY crikaHs. [Ipu Temneparypax cnikanag 750 K1 1200 K xapakTep 3MiHM po3Mipy KaHaIiB
M1X [TOpaMH 31 30UIbILIEHHIM TUCKY TaKH ke, K 1 y BUMIQJAKY XOJIOJHOTO [IPECYBAHHS TOPOLIKY.

Tabmuus 5. Cepeani po3mipn kaHaqdiB Mik mopamu B 3pa3kax CBN, onep:kanux nmpu pisHmux
TeMIIEePaTypax, B 3aJIe:KHOCTI Bi/l THCKY CHIKaHS

Mapka Tem-pa Tuck, ['Tla
¢cBN |cmkammg,K|202] 1 [ 2 | 3 | 4 | 5 | 8
CepenHi po3Mipu KaHAJIB MK ITOpamMu (MKM)

KM 5/3 300 0,8 0,6 0,45 0,35 0,3 0,28 0,25

KM 60/40 - - - 2,0 14 1,0 0,4

KM 5/3 750 - 0,36 0,27 0,21 0,18 0,17 0,15

KM 60/40 - 2,0 1,5 1,2 0,84 0,60 0,33

KM 5/3 1200 - 0,24 0,18 0,14 0,12 0,11 0,10

KM 60/40 - 1,3 0,77 0,62 0,43 0,31 0,17
Tuck Jlannaca (kaniisspHUA TUCK B P1AKOMY aJIIOMIHII B [10pax),

1200 MIla
KM 5/3 - 15,3 20,3 26,1 30,5 33,3 36,6
KM 60/40 - 2,82 4,75 5,90 8,51 11,8 21,5
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B texHonoriunux mponecax misa oxaepxkanns PCBN matepiasiiB 4acTo BUKOPHUCTOBYIOTH
cuctemy CBN-AIl [9]. [Ipu 11poMy 4acTO BUKOPHCTOBYIOTH JBOCTAAIMHUIA MPOIEC OJCpKaHHsI: Ha
nepwmiid craaii mpu Hu3bkoMmy TuUcKy (1o 2,5 I'Tla) mpocoueHHs ctucHeHOro mnopomky CBN
aJIFOMIHIEM TIPU TEMIIepaTypax, Koiu piakuii amominiit He 3Mouye CBN (o 1400 K), na apyriit cranii
KiHIeBe crikaHHs npu Tuckax Buiie 3 ['Tla 1 temneparypax Bume 1500 K [10].

[pu xonoauomy npecysanni muxti CBN + 10% Al 30epiraerscst xapakTep 3MiHA TOPUCTOT
CTPYKTYpH (3arajbHa MOPHUCTICTh, PO3MIp TIOp, PO3Mip KaHaTIB 1op, po3mMip 3epeH CBN) B mopiBHsHHI
3 mpecyBanHsAM nopoikiB CBN 6e3 nob6aBok. Ha etami mpocoyeHHs pi3HMIS CYTT€Ba, 1 3B’sA3aHa 3
MJIaBJIeHHsAM amoMiHipo. Tuck Jlammaca B mopucToMy cepefoBHINI BU3HAYAETHCS 32 (HOPMYIIOH0

P.=

2, JI€ Om. — IMOBEPXHEBHI HATAT HA TPAHHUII «KOHIEHCOBaHA (asza—ra3y, dx — aiameTp
k

KaHaimy mnopH. lIpu KOHTakTHiM B3ae€MOJii MOPOIIKOBOI CHCTEMH 3 PiAKOIO (ha30i0 BEIUYHHY
KamISIPHOTO THUCKY pL OOYMOBIIIOE JiaMeTp KaHaly IOpH 1 TMOBEPXHEBUH HATAT Ha TPAHMII
«KOHJIEHCOBaHa (ha3a-piArHaY, SKUH BU3HAYAETHCA KyTOM 3MOUyBaHHS (®) 1 MOBEpXHEBUM HATATOM
pinkoi ¢a3zu (op.). KamiagpHuil THCK Ha TpaHMIl «KOHIEHCOBaHa (ha3a—pianHa» JOPIBHIOE:

_49,.€50 Tlopepxnepnii natar amominito 6,,=0,915 /M2 [11]. pn T=1273 K, p=2,5 I'la:
k

Ocan-a>140° [12], cos® — —1. IIpu mpocoueHHi cTucHeHOro nopoiky CBN pigxum amominiem

(temnepartypa 1200 K) kaminspHuii THCK B Opax 3MIHIOETBCS 1S BUTIaAKy rmopomky KM 5/3 Big 15

1o 37 MlIla, a nns nmopomky KM 60/40 Bix 3 mo 22 MIla npu 3MiHi 30BHIIIHBOTO TUCKY Bif 1 10 8

I'Tla (muB. Ta6m1. 5).

Ha etani BucokotemmeparypHoro crikanss mopoiukiB cucremu CBN—Al BinOyBaeTbcst xiMiuHa
B3aEMOJIII MDK KOMIOHeHTamMH IMXTH. [ 'paditononionnii BN mpaktuuno He yTBOproeThes. THCK
CTUMYJTIOE TIPOLIECH YIIUIbHEHHs 1 TactiyHoi nedopmanii B ¢asi CBN, BrnmBae Ha dopmyBaHHS
(ha3oBOro CKIaay HAATBEPIOro KOMIO3UTy. B Tabn. 6 mpuBeneHuii (a3oBWil CKIaa KOMIIO3UTIB,
crieuenux 3 mwuxta KM 7/5+ 10% Al pu remnieparypi 1750 K i tickax Bixk 1 no 5 I'Tla.

P

Taonuus 6. @a3oBuii cKkJaa KOMIO3UTIB, cedyeHux mpu 1750 K 3 mmxtu KM 7/5+ 10% Al

®daza Tuck, I'Tla
(% 3a mMacoro) 1 2 3 4 5
cBN 83,9 81,6 76,9 80,8 79,6
AIN 9,1 15,8 21,7 17,3 17,5
AlB; 0 0 0,5 1,9 2,9
AlB1, 3,5 15 0,5 0 0
Al 1,2 0,8 0,4 0 0
hBN 2,3 0,3 0 0 0

Sk BugHO 3 TaOu. 6, pu TUcKax crmikaHHg | 12 I'Tla B ckimaai koMmo3uty € rpaditonoaionuii
HiTpua 6opy hBN, npu trckax crikanus 1, 2 i 3 I'Tla — 3anumikoBuii amoMiHIH, XiMiYHa B3a€MOIIsI
mixk CBN i Al mpoiinna ve moeuictio. Jloaexadopu amominito AlB12 yTBOPIOETBCS MTPH TUCKAX J0
3 I'Tla, npu tuckax 3 — 5 I'Tla — qubopun amominito AlB2. [pu BCix THCKaxX yTBOPHOETHCS HITPHI
amominiro AIN, HaitOinbiie Horo npu tucky 3 I'Tla, npUYMHOIO MOXKYTh OYTH HECHIPUSATIUBI YMOBH
JUIs CTBOPEHHSI OOPUIIB 1 BIANOBIAHO YTBOPEHHS TBEPAUX PO3UHMHIB OOpY (3aMillleHHs 1 BTUJICHHS) B
kpuctaniunii rpatii AlIN.

B tabn. 7 1 8 mpuBeneHi nepioau i 06'eMu KpUCTaIIYHUX TPATOK (pa3 KOMIIO3UTY, CIIEYEHOTO
3 muxti KM 7/5 + 10 % Al mpu 1750 K, a B Ta6i1. 9 — BIUIMB THCKY Ha peabHy CTPYKTYpPY, TYCTUHY
1 TBEP/IICTH ITMX K€ KOMITO3UTIB.
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Tabnuus 7. Ilepioau KpucTATIYHUX IPATOK (pa3 KOMIIO3UTY, ciedeHoro 3 muxTu KM 7/5 +10%

Al npu 1750 K (craTucTuka)

Tuck, cBN Al AIN AIN AlB; AlIB;
I'Tla a, HM a, HM a=e, HM c, HM a=e, HM c, HM
1 0,36147(3) | 0,40520(5) | 0,31150(3) | 0,49806(3) - -
2 0,36145(3) | 0,40520(4) | 0,31146(3) | 0,49810(3) - -
3 0,36148(2) | 0,40482(4) | 0,31129(2) | 0,49770(3) 0,30103(4) 0,32428(3)
4 0,36151(2) | 0,40488(9) | 0,31138(2) | 0,49780(4) 0,30110(3) 0,32590(6)
5 0,36153(2) | 0,40490(10) | 0,31133(4) | 0,49782(2) 0,30115(3) 0,32620(3)
Ta0. 0,36153 0,40496 0,3111 0,4978 0,3009 0,3262

Ta6nuis 8. O0'emMu eleMeHTAPHUX KOMipOK (a3 KoMIO3UTY, criedyeHoro 3 muxTu KM 7/5 +10%
Al npu 1750 K (3a nanumu ta6.1. 7)

Tuck, cBN Al AIN AlB:
I'Tla V, am® AV/IV, V,um® | AV/V, V, um® AVIV, V, um® AVIV, %
% % %
1 0,047230 | -0,049 | 0,066529 | 0,179 | 0,048328 0,309
2 0,047222 | -0,066 | 0,066529 | 0,179 | 0,048319 0,291
3 0,047234 | -0,040 | 0,066342 | -0,102 | 0,048228 0,102 0,029386 -0,501
4 0,047246 | -0,015 | 0,066371 | -0,059 | 0,048265 0,179 0,029546 0,041
5 0,047253 | 0,000 | 0,066381 | -0,044 | 0,048252 0,152 0,029584 0,169
Ta6. | 0,047253 0,066410 0,048179 0,029534

Tabnuus 9. XapakTepucTuku cyocTpykrypu (B ¢asi CBN), rycTuna i TBepaicTb KOMNno3uTiB,
cneyennx npu 1750 K 3 mmxru KM 7/5+ 10% Al

XapakTepucThKa Tuck, I'Tla

1 2 3 4 5
Po3mip OKP, um 24 23 22 22 19
BennuuHa MiKpOCIIOTBOPEHD 0,72 1,00 1,05 1,30 1,25
Ad/d, 103
Benuunna mikponanpyr, ['Tla 0,63 0,88 0,92 1,14 1,10
IlinbHicTh aucokamii, 10™ e 5,2 53 6,3 6,6 7,1
['ycTuna, r/em® 3,27 3,30 3,33 3,35 3,36
Tepaicts, ['Tla 12 18 22 25 28

[pu 3pocTanHi TUCKY CIIOCTEPIraeMO TEHASHIIII0 3pOCTaHHs MepioiB rpaTok (i 06’ emiB) cBN
Ta AlBy, 1 3MeHImeHHs niepioaiB rpatok (i 06’emiB) Al Ta AIN. B 3paskax, ae € AlB2, mepioa rpaTku
Al menme.

st AIN HaiGibI nepioqu KpUCTAIIYHOT rpaTKH crioctepiraiothes mpu 1 I'Tla, 30iapmenHs
00’emy ckiaznae 0,31 %, 1mo mMoxe OyTH NOB’S3aHO 3 YTBOPEHHSIM TBEPAMX PO3YUHIB OOpy Ha Oasl
kpuctaniynoi rpatku AIN. ITpu 30ibIIEHHI THCKY YTBOPIOETHCS TUOOPH/T ATFOMIHIFO SIK albTepHATHBA
TBeproMy po3unny 6opy B AIN, 06’em enementaproi komipku AIN 3MeHIITYEThCsI, HAOIMKAETHCS JI0
TaOJIMYHOTO.

Jns Al Hait0inbmni nepioau kpuctaniynoi rpatku — npu 1 I'Tla, 36inbmenns 06’emy — 0,18 %
B MOPIBHSAHHI 3 TaOJIMYHUM, II0 MOXe OyTH IMOB’SI3aHO 3 YTBOPEHHSIM TBEPAOIO PO34YMHY OOpy B
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Bwinyck 20. [IOPOHOPA3PYIIAIOLUIMY U METAJIOOBPABATBIBAIOIIIMH HHCTPYMEHT — TEXHHUKA
U TEXHOJIOI'UA EI'O U3I'OTOBJIEHUA U IPUMEHEHUA

amroMiHii. [Ipu 301bIICHH] THCKY 3 PO3UYMHY BUAUISETHCS JUOOPHU alIFOMIHI0, 00’ €M eJIeMeHTapHO1
koMipku Al 3MeHITy€eThCS.

s AlB, naii6inemmii mepion rpatku (i 06’em) crmoctepiraetbes npu 5 I'Tla, va 0,17 %
Ginbre TaGmMuHOro. MIMOBIPHO TEX yTBOPIOIOTHCS TBEP/i POIUMHHL

st cBN naiimentni 3nauenns nepiony rpatku (i 06’emy) Busibneno npu 1 ['Tla (ra 0,05%
MEHIIUH 00’ €M), 1110 MO>Ke OYTH MOB’S3aHO 3 YTBOPEHHSIM TBEPIUX PO3YMHIB KUCHIO Ha 0a3i rpaTku
cBN.

301IbIICHHS] TUCKY CHIKaHHS TPU3BOAUTD JI0 MIBUIIEHHS A€(EKTHOCTI CTPYKTYPU KOMITO3UTY
(3MEHIIIEHHST PO3MIpIB  00JIACTE KOTEPEHTHOTO PO3CIIOBaHHS, 30UIBIICHHS MIKPOCIIOTBOPEHD 1
MIKpOHANpyr y KpucTaiiuhiid rparii CBN i, sik pe3ynbpTat, 301IbIIeHHS MIUIBHOCTI JHUCIOKalii B (asi
cBN. TepmicTh i TycCTHHA KOMITO3UTIB 3aKOHOMIPHO 301IbIITYFOTHCS 3 TIIBUIIICHHSM THCKY CITIKAHHSI.

Taxum uyuHOM, Ipu ofep>kanHi PCBN KoMITO3UTIB TUCK CYTTEBO BIUIMBAE HAa (YOPMYyBaHHS iX
CTPYKTYPH Ta BIACTUBOCTEHN: MPU XOJIOTHOMY MPECYBaHHI — HA MPOIECH IPOOICHHS 1 (OpMyBaHHS
MOPUCTOI CTPYKTYpH, TpPHU OCTATOYHOMY CIiKaHHI — Ha QopmyBaHHS (Ha30BOro CKIamy 1
nedopmariitHo 3MIIIHEHOT CTPYKTYPH.

BucHoBkH

1. IIpu xomomgHoMy mpecyBaHHI mopomkiB CBN mopucticts i po3mip mop 3aKOHOMipHO
3MEHUIYIOThCA 31 301IbIIEHHSIM TUCKY IIpecyBaHHs. B Gpukerax, CipecoBaHUX 3 KPYIHUX HOPOIIKIB
cBN, nmopucTicTs HMXYa, a po3Mip Mop OITBIINII, HIXK B OpUKeTaX, CIPECOBAHUX 3 APIOHUX MOPOIIKIB.

2. 301IBIIICHHS] TUCKY TIPECYBAaHHS MPU3BOINUTH /10 30UTBIIESHHS MUTOMOI ITOBEPXHI MOPOIIKY
cBN, 1m0 noB’s13aH0 3 1pobIeHHIM TOpoIIKy. KpyHi HOpomKyu ApoOasThCs iIHTEHCHBHIIIE, TOYaTOK
IpoOJIeHHST HACTYMAE MPU MEHIIUX THCKaxX, Ay nopomky KM 5/3 e 2,5 I'Tla, ans KM 60/40 — 0,5
I'Tla. Cepenniii po3mip 3eper CBN 3akOHOMIPHO 3MEHIIIYETHCS 31 30LTBIIICHHSM THCKY MPECYBaHHS,
BIJIMTOBIAHO 3pOCTA€ KIIBKICTh 3€PEH B OJMHUIII MACH TIOPOILIKY.

3. IIpu xonmognomy npecyBanHi mmxta CBN-Al (1o 10% Al) 36epiraeTbest XxapakTep 3MiHA
MOPUCTOI CTPYKTYpH (3arajibHa MOPHUCTICTh, PO3Mip MOpP, pO3Mip KaHamiB mop, po3mip 3epeH CBN) B
MOPiBHSHHI 3 TpecyBaHHAM nopomikiB CBN 6e3 mo6aBok.

4. dazowmii ckimag komno3utiB CBN-Al cuctemu 3a1exuTh Bi THCKY criikaHHs. [Ipu THCKax
cmikanns 112 I'Tla B ckiaai kommo3ury € rpaditonoaionuii Hitpua 6opy hBN, npu Tuckax criikaHHs
1, 2 i 3 I'Tla — 3ayMmKOBUH amoOMiHIM, XiMiuHa B3aemois Mk CBN i Al npoiinuia He MOBHICTIO.
Jonexabopua amominiro AlB12 npu tuckax no 3 I'Tla, npu Tuckax 3 — 5 I'Tla — nubopun antoMiHiro
AlB;. Ilpu Bcix THckax yrBoproeTbes HiTpupa amromidito AIN, naiibimeme npu tucky 3 I'Tla,
MPUYMHOIO MOXYTh OYTH HECHPUSATINBI YMOBH JJIsi CTBOPEHHS OOPHIIB 1, BIAMOBIHO, YTBOPEHHS
TBEPAMX PO3YHHIB OOpY (3aMillleHHs 1 BTUICHHS) B KpucTaniynii rpatmi AlIN.

5. [Ipu 3pocTanHi TUCKY CIIKaHHS CIOCTEPIra€MO TEHJECHIIIIO 3pOCTaHHS MepiojiB IrpaTok (i
06’emiB) cBN ta AlBg, i 3MeHIIeHHs nepioaiB rpatok (i 06’emiB) Al Ta AIN. B 3pa3kax, ne € AlB2,
nepion rpatku Al meHiue.

6. 30UIbIIICHHS. TUCKY CIIKaHHSA TNPHU3BOIUTH A0 MIABUILEHHS JIe()EKTHOCTI CTPYKTYypHU
KOMITO3UTY (3MEHIIEHHS pO3MipiB  00JlacTeld KOTEPEHTHOTO  PO3CIIOBaHHS, 301IBIICHHS
MIKpOCIIOTBOPEHb 1 MIKpOHAnpyr y Kpuctamiunid rparui CBN i, sk pesynbrar, 301IbLICHHS
nriIpHOCTI nuciokaiiid B gasi CBN. TBepaicTh 1 rycTMHAa KOMIO3UTIB 3aKOHOMIPHO 30UTBITYOTHCS 3
MiBUIIICHHSIM TUCKY CITIKAHHSI.

Hccnedosano enusanue oasieHus Ha X0100HOe Npeccosanie u cnekanue nopowkos cBN 6e3 oobasox
u ¢ oobaskou 10% Al Ycmanoeneno enusinue 0agieHusi HA XAPAKMEPUCIUKY NOPUCMOU CIPYKMYpbl,
¢hazoswiil cocmas, degpekmuocms Gasz, NIOMHOCIb U MEEPOOCHLL KOMROZUMA.

Knroueswle cnosa: svicoxoe dasienue, cnekanue, Kyouueckuil Humpuo 6opd, nopucmocms, (hazoswviil
cocmas, nIOMHOCHb, MEEPOOCHLD.
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PRESSURE EFFECTS ON FORMATION STRUKTURE AND PROPERTIES
OF SUPERHARD PcBN MATERIALS

The influence of pressure on cold pressing and sintering of cBN powders without additives and with
addition of 10% Al was investigated. The influence of pressure on the characteristics of the porous structure,
phase composition, phase defects, density and hardness have been established of the composite.

Key words: high pressure, sintering, cubic boron nitride, porosity, phase composition, density, hardness.
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