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N3HOCOCTOMKOCTHh KOMIIO3UTOB AJIMA3-JIOJIOMUT U AJIMA3-KAPBOHAT
CTPOHIIUA, TIOJTYYEHHBIX B YCJIOBUAX BBICOKUX JTABJIEHUU U
TEMIIEPATYP

B ycnosusx evicoxoco oaenenus 8,0 ITla u memnepamypor 2100°C Ovinu noayuenvl obpasyvl
KOMRoO3umos 6 cucmemax aimaz-ooromum u aimas-SrCOsz. Memodamu penmeeHOCmMpyKmMypHO20 aHaiu3a u
CcKauupyiouell dINeKMpOHHOU MUKPOCKONUY YCMAHOBILEH COCMAS U ONpedeienbl 0COOeHHOCMU CMPYKMYpbl
Komnosumos. Ilpogedenvl ucnvimanus niacmun komnosumos u oopasyos ATIl npu movenuu epanuma u
meepooco cnnasa mapxku BK15. Onpedenerno, umo 6ce 08yxghasuvie 00pasyvl UMeiom aiMAasHblil KApKac u
MAaKposKuoueHus: Kapoonamuou @asvl, cooepiicanue Komopou 6 cmpykmype xomnosuma 8,5-8,8 06.%
Yemanosneno, umo noxazamens usnococmouixocmu 06pasyog xomnosuma aimaz-SrCOs coomseemcmayem
nokasamenio usnococmotikocmu ATIl npu obpabomke meepoozo chiasa u npesocxooum e2o npu
obpabomxe epanuma. B 08yx 6udax UCHLIMAHUL MAKCUMATLHYIO USHOCOCMOUKOCMb NOKA3bIEAIOM
NIACMUHBL KOMIO3UMA AIMA3-00JI0OMUM, 3HAYEHUE U3HOCA KPOMKU pedcyweli yacmu komopuix na 30-50 %
Mmenvue oopazyos ATII.

Knrwouesvie cnoga: amrmas, oonomum, xapboHam CMpPOHYUs, GbICOKOE OaGleHue, modenue, UsHoc,
U3HOCOCMOUKOCHb.

B nHacrosiniee BpeMst cozaHie KOMIIO3UTOB Ha OCHOBE ajiMasa JUisl IpUMEHEHUsI B 0ypoBOM
U PEXYIIEM UHCTPYMEHTE B OCHOBHOM UJET B PA3BUTUHU TEXHOJIOIMH CIEKAHUS KOMIIO3ULMOHHOTO
MaTepuaia, IpeJCTaBISIIONIEro coOOW IBYXCIOWHBIM KOMMAKT C aaMa30COAEPKaIlUM PEXYILUM
CJIOEM Ha TBEPJOCIUIABHOM MOMAJIOKKE, KOTOPBIA (POPMUPYETCS B YCIOBHUAX BBICOKMX JaBJICHUU U
temmieparyp [1, 2]. Tepmobapuueckoe cnekanue cuctembl anmaz—\WC—CO ocymiecTBiseTcss mpH
nasnenun 5,5-8,0 I'Tla u temneparype 1450-1750°C, B pe3ynpTaTe KOTOpOro, B Ipoliecce
MHOWIBTPAIIMU aJIMa3HOro0 MHKporopoika paciuiaBoM Co-WC-C u npoucxoaut GopMHpPOBaHHE
KOMITO3UTa B BUJIE aJIMa3HO-TBepAOCIUIaBHBIX macTuH (ATII). 3HaueHne 3TOro KOMIO3UIIMOHHOTO
MaTepuajja B OCHAIIEHUH OypOBOr0O U MOPOJOPA3PYILAIOIIET0 HHCTPYMEHTA TPYAHO MEPEOLEHUTD.
HpI/IMeHeHI/IC TAKOI'0 HHCTPYMCHTA PCIKYHICTI'O THUIIA ITO3BOJIMIIO CYHICCTBCHHO YBCIIMYUTH CKOPOCTh
Oypenuss u riayouny mpoxoaku [3, 4]. OmHako, CpaBHUTEIHLHO HEBBICOKAs TEPMOCTOMKOCTH
asiMazocozep:kaiieroro pexyuero cios (He 6onee 700—-800°C) ATII orpanndynBaeT BO3MOKHOCTH
MPUMEHEHHUS TEXHOJIOTUM BBICOKOTEMIIEPATYPHOI Mailku B M3rOTOBJIEHWHM WHCTPYMEHTa U
00paboTKy MaTepUaoB, Ie TeEMIepaTypa B 30HE Pe3aHUs MPEBbIIIACT KPUTHUECKYIO TeMIIepaTypy,
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Py KOTOPOM NPOUCXOAUT pA3yNpOUYHEHUE M JAerpajalus CTPYKTYpbl aliMa30CcoJep Kallero
pexyiero ciosi miactuHel [5, 6]. IlonmbITKU cO31aHMsT TEPMOCTOMKOIO KOMIIO3UTa HAa OCHOBE
anMasza Uit OypoBOrO U PEXYIIEro HWHCTPYMEHTa TMPUBEIU K Pa3BUTHIO TEXHOJOTUU
TEPMOOAPHUECKOr0 PEAKIIMOHHOTO CIIEKAHUS CHUCTEMbI anMa3-Si B 00JacTH BBICOKHX JaBJICHUI
5,0-8,0 I'TTa u Temmniepatyp 1400—1800°C, B pe3ynbTaTe KOTOPOTO MOJYIAFOT KOMIIAKTHI Pa3TUIHON
KOH(UTypamu co cTpykrypoil anmas-SiC ¢ BBICOKMM MOKa3zaTtelieM TepMocToikocTu (no 1100—
1200°C) [7, 8]. OmHako IMMPOKOTO PaCIPOCTPAHCHHS KOMITO3UTA aliMa3-KapOuj KpEeMHHUS B
OCHAIIeHUH OypoBOTO M pEXyLIero MHCTpyMeHTa mno cpaBHeHuto ¢ ATII He mnpousomwio.
N3HOCOCTOMKOCTh TUTACTHH KOMIIO3UTAa aJiMa3-KapOujJ KPEeMHHUS YCTYNMaeT H3HOCOCTOMKOCTH
anMasocopepxaitero pexyuero ciost ATII, Takomy BaKHOMY 3KCIUTyaTallMOHHOMY IOKa3aTeto.

B Tabn. 1 mpencraBieH KOMIUIEKC (PU3MKO-MEXaHHMUECKUX CBOMCTB M3BECTHBIX KOMITO3UTOB
Ha OCHOBE ajiMasa, MOJY4YaeMbIX B YCIIOBUAX BBICOKMX [IaBIICHMM W TEMIEpATyp, KOTOpPbHIE
MIPUMEHSIFOTCS] B OCHAIIIEHUH OYPOBOTO U PEXKYIIET0 MHCTPYMEHTA.

Tabnuma 1. ®u3nKo-MeXaHHYeCKHe CBOMCTBA KOMITO3UTOB HA OCHOBE ajiMa3a JiJisi 0ypoBoro u
PeKylI1ero MHHCTPyMeHTA

Kommo3utel Ha | [11OTHOCTS, Monaynb TBeprocTb Tpemu- Conepxxanue
OCHOBE ajiMa3a r/em® IOnra, ['Tla | mo Kuyny, HOCTOM- anMasHou (a3sl B
I'Tla KOCTb, KOMIIO3UTE, 00. %.
MITa m*2
ATII 3,80-4,10 810-950 5565 6,5-9,5 90-94
Anmasz-SiC 3,42-3,46 920-960 45-55 6,0-7,5 70-82
Hanomnonukpuc- 3,51 1100-1200 90-140 — 100
TAJTMYCKU I
anmas

Jlnist cpaBHEHUs OKa3aHbI CBOMCTBA BHICOKOYHCTOTO HAHO-TIOJNIMKPUCTAIITMIECKOTO aJIMasa,
KOTOpBI MOJYYalOT B pe3yibTaTe MNPsMOTO NpeBpalieHus B cucteme rpagur-anmas [9, 10].
[TnacTHHBI HaHO-TIOJMKPHUCTAIUTMYECKOTO aiMasza SBIAIOTCS TOTEHIMAIBHBIM TEPCIEKTUBHBIM
MaTepHaJIOM Il OCHAIIEHUSI COBPEMEHHOT0 OypOBOTO M PEXKYILIEr0 HHCTPYMEHTA.

B mocnemHWe Trombl, AaKTHBHO pa3BHBACTCS HAYYHO-TEXHUUYECKOE HarpaBJCHNE
TEPMOOAPHUECKOr0 CHEKaHWs CHCTEMbl aliMa3-KapOOHAaT C IENbI0 MOJYYEHHUs] TEPMOCTOMKUX
KOMIIO3UTOB Ha OCHOBE aimasa. llapameTpsl CleKaHWs TaKUX KOMIO3HIMOHHBIX MaTepHaJIoB
3HAYUTENBHO NpeBocxoaiT napameTpsl cnekanus ATII (puc.1).

CymecTByIOT IMyOJMKAIMH, B KOTOPBIX OMUCHIBAETCS HE TOJIBKO MOJIYUYE€HHE CBEPXTBEPIBIX
KomnakToB anma3-MgCOs MeTooM MHPUIBTPALIMK alIMa3HbIX MOPOIIKOB paciuiaBom MgCOs, Ho
U pe3yibTaThl UCNBITAHUI TaKUX KOMIIO3UTOB IPU 00pabOTKe TOPHBIX MOPOJ, & TaK K€ OLEHKA UX
HKCIUTYaTAallMOHHBIX XapaKTEPUCTHK B OypoBoM uHcTpymenTe [11,12].
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B pab6orax [13, 14]
MPEJICTABICHBl  PE3yJIbTaThl
HUCCIIENOBAHUNA 0OCOOEHHOCTEHN
(dbopMHUpOBaHUS CTPYKTYpPbI U
HEKOTOpbIC ¢dusuko-
MEXaHUYECKUE CBOICTBa
KOMITIaKTOB, KOTOpbIE ObLIN
MOJIY4eHbl TPU  CHEKAHUH
cuctembl anma3z-CaCOz wu
anmmas-LioCO3. Benymmmu B
MUpe KOMIaHUSIMU
IIPOU3BOUTENIEH OypOBBIX
J0JIOT HAa OCHOBE anMasa, a
. . . . : HUMCHHO US Synthetic
1400 1600 1800 2000 2200 2400 Corporation and

TemnepaTypa, °C MegaDiamond Incorporation
3a/leKJIapupoBaHbl  MaTEHTHI
Ha IIOJYy4YEHUE TEPMOCTOMKHUX
koMmakToB anmasz-MgCOs s
OCHAILIEHUS OypoBoro
uHcTpyMmeHTa [15, 16]. Tem He MeHee, Ha CETOHSIIHUIA IEHb CEPbe3HON KOHKYPEHIIUU CO CTOPOHBI
pa3pabOTaHHON TEXHOJOTHH CIIEKaHWs KOMIAkToB B cucrteMe anma3-MgCOs mo oTHomeHuro K
ATII ne nabmomaeTcs. BeposTHO, 3TO CBS3aHO C YCIEIIHBIM PEIICHUEM TEXHOJOTHUU CIEKaHUS
ATIl ¢ mnociaeayroUMM XHUMHUYECKUM yJAJ€HHMEM KOMIIOHEHThl KoOajbTa U3 PEXYILEro
anmazocogepxkamiero cioss ATII va rnyouny no 200 mukpoH. OHM Tak M HOJYYWJIM Ha3BaHUE
«Deep-leached conventional PCD» [17, 18]. Takoii TeXHOJOTHYECKHUH MNpPHUEM 3HAYUTEIHHO
YBEJIMYUBAET TEPMOCTOMKOCTh IUIACTMH KOMIIO3UTa B 30HE pE3aHHs TOPHON MOpoIbl. AHamu3
JUTEPATypPHBIX JaHHBIX [MOKa3bIBAET, UTO MCCIEIOBAHMS B HANPABICHUM CIIEKAHHUS TEPMOCTOMKHUX
aJMa30Cco/IepKAIIMX KOMIIAKTOB B CHCTEMaX Ha OCHOBE ajlMas3a U KapOOHATOB IMPOJOJIKAIOTCS.
OcHOBaHMEM TMPOBENIEHUS TAKUM HCCIIEOBaHUM, O€3yCIOBHO, SIBISETCS 3KCHEPHUMEHTAIbHOE
MOATBEPK/ICHNUE CIOHTAaHHOW KpHUCTaJUIM3alMK anmasa B cuctemax yriepoa—MgCOs u yrimepoa—
CaCOgz, a Tak e NPHUCYTCTBHE DPA3IMYHBIX KapOOHATOB B CTPYKTYpE IMPHPOTHBIX aaMa30B B
KaueCcTBE CHHICHETHMYECKHUX  BKIIOUEHUH poOCTa, KOTOphIE CBUACTENBCTBYIOT 00 WX
anmazoo0pasyromei 3GPEeKTUBHOCTH TIPU CHHTE3€ ajJiMa3a B MAHTUM 3€MJIA B YCJIOBHSIX BBICOKHX
nasineHud u  temneparyp [19, 20]. AHanu3 cocraBa BKJIIYEHMH B HPUPOJHBIX
MOJIMKPUCTAIIIMYECKUX CPOCTKAX KPUCTAJUIMTOB ajiMasza (aJIMa3MTOB), TAaKKE CBUJIETENBCTBYET O
dbopMupoBaHun WX B KapOoHaT-yriepomHoil cpene [21]. B wucciaemoBanuum [22] moy4eHbI
aJIMa3uThl B MHOTOKOMIIOHEHTHBIX KapOOHAT-yIJIepOAHBIX pacIulaBaX B IMPOIECCE CIOHTAHHOM
KPUCTAJUIM3allMM aJIMa30B C BBICOKOW IUIOTHOCTHbIO HyKjJeauuu npu nasienun 8,0-8,5 ['Tla,
temneparype 1900-2000°C u npomomxurensHoct cuHTe3a 40-50 munH. B marenrax [23, 24]
3aABISIOTCSL M300pETEHUsT Ha CHOCOO CIIEKAHUS CBEPXTBEPABIX TEPMOCTOMKHMX KOMIIO3MTOB B
CHCTEMaxX Ha OCHOBE ajMa3a M KapOOHATOB INEIOYHBIX U MICIIOUYHO3eMETbHBIX 37eMeHTOB: LioCOs,
Na2CO3, KoCOs3, szCO3, Cs2COg3, MgCO3, CaCOs, SrCOs, BaCOs. Takum 06pa30M, IPOBCACHUC
UCCIIEIOBaHUM MO MOJYYEHUIO HOBBIX CBEPXTBEPIbIX KOMIIO3HIIMOHHBIX MaTEpPHAOB B CHUCTEMax

KomnosuTel
anmas-kapboHaTt

LNasneHue, Ma

Puc. 1. p-T-obnacmu cnexanusi KOMRO3UMO8 HA OCHOBE ANIMA3A:
1- aunus pasnosecus epapum-aimasz; 2- TuHUS NIAGTCHUS
CaCOg, 3- runus nrasnenus MgCOs3
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ayMa3-KapOOHAT SIBJISFOTCS aKTYaJIbHBIMU ¥ MIEPCIIEKTUBHBIMU B 00J1aCTH HAYYHOTO-TEXHHYECKOTO
HAIpPAaBIICHUS CIIEKAHUSI KOMIIO3UTOB B YCIOBUSX BHICOKUX JABJICHUI U TEMIIEPaTyp.

B pabGotre [25] mnpenctaBieHbl pe3ynbTaThl HCCIEAOBaHUN (PA30BOTO COCTOSHUSA B
KapOOHAaTHBIX CHUCTEMaX B YCIOBUSX BBICOKMX JaBICHUW U Temmeparyp. [lpum wu3yueHuun
nzobapudeckort 7-X-gurpammsl cuctembl CaCOz— MQCO3 ycraHoBieHo, uyTo nipu aaBieHuu 6,0
I'Mla momomut, a umenHo CaMg(COz)> maaButcst npu Temmeparype 1350°C, 4ro 3HAYUTENBHO

e HIWDKE TEeMIIepaTyp TUIaBJICHUsT KapOOHATa KabIUs
1900+, d (1700°C) u xap6onara maraus (1900°C) mnpu

-1\ jae 6 GPa JIaHHOM JaBjieHuu (puc. 2).
18907 Hcxoast w3 DJTHX JAaHHBIX, JOJOMHUT
1700+ SBIsieTCST ~ OoJiee  TIPEANOYTHTEIBHBIM  TI0
q CpaBHEHHIO ¢ KapOOHaTaMH KaJlbLUs U MarHusi ¢
HAyYHO-TEXHMYECKOW  TOYKH  3peHUs  JUis

1600
1500+ TEXHOJIOTMM  CHEKaHUs  aaMa30CcoepiKallero
o KOMIIO3UTa  METOJOM  MPOINUTKH  aJIMa3HbIX
i MOPOIIKOB PACIJIaBOM KapOOHATHBIX cucteM [11—
1300+ 14]. U3BecTHO, 4TO KapOOHAT CTPOHIMS HMeEET
— BBICOKYIO Temmeparypy Iutasienus 1497°C npu
4 napienun 6,1 Mlla B cpene CO2, uyTO
oo pf MPstloh gy g - 3HAYUTENILHO MPEBBIIIACT TUIABJICHUE MIPU JTAHHBIX
00l | | YCIOBHSX  JPYIHX  HU3BECTHBIX  KapOOHATOB.
—f/ B \ OrneHOYHBIC JTaHHBIE M0 IJIABJICHUIO KapOoHaTa
s001} J | crpounus npu 8,0 I'Tla orcyrctByror. s
800 l ——i ,DOIS,S+A? — TTOJTYYCHUS TTOJTHOM MH(POPMAIUU O TICPCIIEKTUBE
mgco, © 2 0 fnoo[_ f,joo 0 80 % o UCIOJIb30BAHUS KOMIIO3UTOB Ha OCHOBE aliMa3a U
Puc. 2. [Juacpamma cocmosnus cucmemvl KapOOHaTOB IpyIIIBL I€JI0THO3EMEIIbHBIX
CaCO3-MgCO3 npu 6,0 I'a [25] METaJUIOB B OypOBOM M PEXYILIEM HHCTPYMEHTE
HEOOXOJIMMbI ~ MCCIIEAOBAHUSA 10 MOJYyYEHUIO

KoMIo3uTa B cucteme anMas-SrCO3 1 onpeieIeHUIo ero pesKyux CBOMCTB.

Henbto Hacrosimiel paboThl OBLIIO MOJYyYE€HUE KOMIIO3UTOB B CHUCTEMAaX alMa3—JI0JIOMHUT U
anMa3—SrCO3 B ycIOBHSAX BBICOKMX JAABICHHM M TeMIleparyp, UCCIeIOBaHHE OCOOCHHOCTEH HX
CTPYKTYphl M OIpeesIeHHe HM3HOCOCTOMKOCTH NpU 00pabOTKE I'paHHWTa U TBEPAOro CIUIaBa B
cpaBHeHHH ¢ obopaszuamu ATII, npenHasHaAUEHHBIMH [T OCHALIIEHUsI OypOBOrO MHCTPYMEHTA.

Crniekanuie 00pa310B KOMIIO3UTOB IIPOBOAMIIN B armapare Bbicokoro nasieHust (ABJ]) tuna
TOPOMJ ¢ AMAaMETPOM JIyHKH 30 MM € MCIOJIb30BaHUEM YCTAaHOBKHM BbICOKOro nasneHus J10-044 c
MakcuManbHbIM ycunuem 2500 TonH. MeToamka sKCepuMEHTOB omucaHa B paborte [14]. Bce
o0pa3ibl KOMIO3UTOB OblIM monydeHsl npu aasinenuun 8,0 I'Tla, Temmeparype 2100°C wu
MPOAOJKATEIIBHOCTH HarpeBa 3 MuUH. B mpoliecce HarpeBa siY€KH BBICOKOrO JaBiieHUs: mpu 8,0
I'Tla ocymiecTBisnack HHPUIBTPALMS CI0S AIMAa3HOTO MUKPOIIOPOIIKA PACIJIABOM JO0JIOMHUTA WIN
KapOoHaTa CTPOHLUSA U (POPMUPOBAHHE TPOYHON MEXK3EPEHHOM CBSI3U MPU OCAXKICHUHU YIiIepoa Ha
IIOBEPXHOCTh aJMAa3HBbIX YaCTUL[ U3 IEPECHILEHHOIO pacTBOpa IO OTHOUICHMIO K aimasy IpHU
JTaHHBIX p-T-ycnoBusax. VcxomHpIM MaTepuaioM ObUT alMa3HbI MUKpOTopok Mapku ACM 28/20
CO CpeHUM pa3zmepoM 3epHa 25 um. [Topomok qogoMuTa U KapooHaTa CTPOHLMS ObUT TpUOOpeTeH
B KOMNaHUU «JlOHEIKHUI1 3aBOJ XUMHUYECKHX PEAKTHBOB». MHUKpPOPEHTI€HOCIIEKTPaIbHbIN aHAIN3
CBUJETEJIBCTBYET O BHICOKOM YMCTOTE UCXOAHBIX MAaTEPUAIIOB.
174



PA3JEJT 2. HHCTPYMEHTAJIBHBIE, KOHCTPYKIJHOHHDBIE 1 ®YHKI[HUOHAJIBHBIE MATEPUAJIBI
HA OCHOBE AJIMA3A U KYEUYECKOI' O HUTPHJIA FOPA

Ompenenenrie  ¢$a3oBOro cocraBa 00pa3lOB  KOMIIO3UTOB  IMPOBOJIWIM  METOJIOM
peHTreHoa3zoBoro aHanusa ¢ ucnoibzoBanueM ycraHoBku JPOH-3M B CuK, uznydyenuu npu
uIeHTH(OUKAIMYA KPUCTALTHYCCKUX (a3 Mo 3HAYCHUSIM MEKIUTOCKOCTHBIX paccrosauit d(hkl) u
unreHcuBHocteir ymHMA  |(hkl) penTrenoBckoro cmekrpa. MUKpPOCTPYKTYpY —CIIEYCHHBIX
KOMITO3UTOB HCCJIEIOBAIN C TOMOIIBI0 CKAaHHPYIOIIETO 3JIEKTPOHHOIO MHKPOCKOMa THma Zeiss
EVO 50 XVP. Jlns BeIABICHHS PEXYILIEH CIIOCOOHOCTH MOTyYEHHBIX KOMITAKTOB HA OCHOBE ajMasa
C IIeNIbI0 BO3MOXHOCTH TPUMEHEHHUS UX B OypOBOM M pPEXYIIEM HHCTPYMEHTE OIpeAeIIsin
MoKa3aTelb HM3HOCOCTOMKOCTH M0 pe3ysibTaTaM TOYEHHs IUTACTUHAMHU KOMIIO3UTOB 3arOTOBKHU
TBepaoro crmaBa mapku BKI15 u kepHa menkozepHOCTOro ceporo rpanuta KopocTeimeBckoro
MECTOPOXIEHHS 9-i KaTeropuu OypuMocTH. 3HaUEHHE MOKa3aTessl H3HOCOCTOMKOCTH ONpeelisiin
M0 BEJIMYMHE JMHEHHOro pa3mepa IUIOMAJAKKM H3HOCA Ha OOKOBOM MOBEPXHOCTH IUIACTHHBI.
VYcnoBus MPOBEECHHS UCIIBITAHUH MPH 00pabOTKe TBEPIOTO CIIJIABa COOTBETCTBOBANIU CJIETYIOLIHM
3HaYEHUsIM: CKOpocTh pe3anus — 30 m/muH; nmogada — 0,1 MM/00.; rnyOuna pe3anus — 0,2 MM;
BpeMs ToueHHUst — 6 MuH. TodeHue NMIMHIAPUYECKOrO KEepHa TpaHHWTa MPOBOIWIM TPU CpeaHEU
ckopoctu pe3anus 75 m/muH. Ilomaua Obuta paBHa 1,25 Mm/00., Tiyouna pe3anus — 0,1 MM, o0beM
chema rpaHuTa — 562 cm®. JIns cpaBHEHHUs TIPOBOMMIN TaKkkKe HCIbITaHus 06pasios ATIT Gpupmel
Dong’e Zuanbao Diamond Corporation, mnpeaHa3HA4Ye€HHBIX JJIsI OCHAIIECHHS OYpOBOTO
MHCTpyMEHTA. VCTBITAHUIO TOJABEPraJiuCh IATH OOPa3IOB KaXIOTO BHJAa KOMIO3HIIMOHHBIX
MaTepuasoB H 1Tk oopasmoB ATII.

Ha puc. 3, a mokazaHsl 00pa3ibl KOMIIO3UTOB aiaMa3-a0Jd0MUT U anma3-SrCOs, MoTydeHHBIX
MIPU CTICKAaHUM B YCIOBHIX BBICOKUX JaBlIeHUH U Temmeparyp. Ha 60koBo# moBepxHOCTH 00pa3iioB
OTUYETJIIMBO BUJICH MOJUKPUCTAJUIMUECKUN aaMa3HBbId CIIOH, KOTOPHIH 00pa3oBajcs B pe3yJbTaTe
CIIOHTAHHOM KpHCTaJUIM3allMM ajlMa3za MpH KOHTAaKTe KapOOHATHOTO pacIulaBa C HarpeBaTelieM
sSYelKU BBICOKOTrO AaBiieHusi B mpoiecce cnekanus (p=8,0 I'Tla; 7=2100°C). lns mnpoBeaeHUs
UCIBITAHUN TIO OMPEJEICHUIO TMOKa3aTelsi M3HOCOCTOMKOCTH MyTeM HUTU(GOBKH U TOJIUPOBKU
CBOOOJHBIM aJIMa3HBIM a0pa3WBOM TOBEPXHOCTH OOpa3loB OBUIM HW3TOTOBIICHBI IUIACTHHEI
nuameTpoM 9,52+0,05 mm u BbicoToi#t 3,18+0,13 MM (puc. 3, 6).

’ a o

Puc. 3. Obpazysl komnozumoe nocie cnekanus (a) u nocie oopabomku nogepxnocmu (0)
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PeHTreHOCTpYKTYpHBI aHaN3 MOJYyYCHHBIX KOMIIO3HTOB CBHUJETEIBCTBYET O TOM, 4YTO
HapsAy ¢ (as3oii aamasza B oOpa3nax NpuCyTCcTBYeT (asza nosoMuta win (asa kapOoHaTa CTPOHLUS

(puc. 4).

=t 8000

o @ *
5 16000 4 o

d a <
S e ¢ - Amvas
L) ]

i 6000 - e
£ 12000 g 0-$1C0,
g 0 - Jonomut E
B 0- Anmas S
< =
§ 8000 - E 4000 -
L] = .
= u]

4000+ o 2000 +
0
[1] 0 0 o]
___J\_(:_A’J L‘_,\—‘_L 0 o o
04 0 S NS N |
T T T T T T T T T T T 1 T T T T T T T T 1
20 30 40 50 60 70 30 20 30 40 50 60 70 80 90 100
20, rpag. 20, mpag.

a o
Puc. 4. @paemenmor ougppaxmozpamm 0opaz|o6 KOMNOIUMOE AIMA3-00IOMUM (@) U ATMA3-
kapoornam cmponyus (6)

[IpucyTcTBUE NUHUI CNIEKTPOB KAaKUX-IMOO OPYTHX COEOUHEHHH He OOHapyxeHo. Takum
0o0pa3oM, B pe3yJibTaTe CIEKaHUs METOAOM IPOIUTKU ajJIMa3HOr0 MHKPOIIOPOIIKA pPacIuiaBaMu
KapOOHATOB B YCIIOBHSX BBICOKMX JaBICHHA W TEMIIEpaTyp TIOJy4eHBl JAByX(as3HbIle
KOMITO3MIIMOHHBIE MaTepuanbl anMa3—CaMg(COsz), u  anma3—SrCOs. M3MepeHusl IUIOTHOCTH
00pa3loB METOIOM THAPOCTATUYECKOTO B3BEIIMBAHHMA B BOJE M CIHPTE MOKA3bIBAIOT, YTO
TIIOTHOCTH KoMMo3uTa anma3-CaMg(COs), pasra 3,45+0,01 r/cM®, a IIOTHOCTH KOMIIO3HTA aIMa3-
SrCOs umeer 3nagenue 3,50+0,01 r/cm®. [Ipy HaMMYMM JAHHEIX YBEJMYEHHS BECa OOPA3IOB, IO
CpPaBHEHHMIO C BECOM HCXOIHBIX alIMa3HBIX MHUKPOIIOPOIIKOB B SYCHKE BBICOKOTO JABICHHS IO
MPONHUTKHA PACIUIaBOB KapOOHATOB, ITyTEM HECIOXXHBIX BBIYMCICHUH MOKHO OLEHHUTH B3aUMHOE
conepxanue (a3 B komnosurax. CopeprkaHue J0JIOMHUTA B MOJIYyYEHHOM KOoMIo3uTe paBHO 8,8+0,5
06.%. 3HaueHHe TUIOTHOCTH JONOMHTA cooTBeTcTByeT 2,90+0,01 r/cm®. Comepskanue KapOoHaTa
CTPOHLIUSL B IMOJYYEHHOM Kommo3uTe paBHO 8,5+0,5 00.% mpu IUIOTHOCTH HCHOJIB3YEMOTO s
criekaHus KapOoHaTa cTpoHIms 3,50+0,01 r/cm®.

Ha puc. 5 mnpexncraBineHo u300paKeHHE TUMUYHOW MHMKPOCTPYKTYPBI TMOJTYYEHHBIX
KOMIIO3HUTOB IO Pe3yIbTaTaM JIEKTPOHHON MUKPOCKOTIHH.
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s _ :
EHT = 20.00 kV Signal A= CZ BSD Date :5 May 2017 2 EHT =20.00 kV Signal A = SE1 Date :5 Sep 2017
WD =13.5mm Photo No. = 4486 Time :9:40:51 WD =15.0 mm Photo No. = 4955 Time :12:34:32

: o 3

Puc. 5. Hz06pasicenue Mukpocmpykmypbi KOMROZUMA AAMA3-00JIOMUM 6 pedcume oudpakyuu
NePBUYHBIX OMPANCEHHBIX INEKMPOHOE (@), U300padicenue MUKPOCMpPYKmMypbl KOMNO3UMA
amaz—SrCOgz 6 pesicume Ougpaxyuu smopuyHvlx 31eKmponos ()

OsanbHast GpopMa alMa3HbIX YaCTHUI], B KOTOPOW OTCYTCTBYIOT OCTPbIe KPOMKH, MHOXECTBO
IMIMPOKUX KOHTAKTOB C COCETHMMH YacTUI[AMU ajiMa3a, INPHCYTCTBHE CIIOXKHOTO KapOoHaTa
CaMg(COs), B Buae OTAETBHBIX MAaKpPOBKIIOUCHHH MEXIy 3epHaMHU ajMa3HOro Kapkaca —
SIBISIETCS.  OTJIMYHMTENFHONW XapaKTEPHCTHKON TaKOH CTPYKTYphl. XapakTepHbIE OCOOCHHOCTH
CTPYKTYpbl Kommo3uta anMa3—SrCOs ananornunbsl kommno3uty anma3z—CaMg(COz),. PesysnbraTh
UCCIICOBAaHMSI CTPYKTYPHI HMOJYYEHHBIX O0Opas3IoB KOMIIO3UTOB YKa3bIBAIOT HA OJMH H TOT e
MeXaHU3M (OPMUPOBAHUSI TIPH CIICKAHHH METOIOM TPOIUTKH CUCTEMbI ajMa3-KOOAJIbT U CHCTEMBI
anMas-kapOOHaT B IMPOIECCe KOTOPOrO PacTBOP-pacIUiaB B IMOpax MEXAY alMa3sHbBIMH 3epHAMHU
JOCTHraeT CTENCHU TMEPECHINICHUs] YIJIepoa 10 OTHOIICHHI0O K aiMa3dy M OCaXJaeTcs Ha
MOBEPXHOCTh CIIEKAEMbIX MHUKPOIIOPOIIKOB B OOJACTH TEPMOAMHAMHYECKOH CTaOMIBHOCTH (ha3bl
anmmaza (puc. 1). Ha puc.6 moka3aHsl (OTOCHUMKH TpoOIlecca TOYCHHUS IUTACTUHAMHU KOMITO3HTOB
3aroToBKH TBepaoro ciwiaBa BK15 u kepHa rpanuTa.

Puc. 6. @omocnumru npoyecca mouenus 3acomoexu BK15 (a) u kepna epanuma (6)

Ha puc. 7 npeacraBiieHbl y4acTKM PEKYLIMX KPOMOK IjiacTuH kommno3utoB U ATII mocne
ucneITaHui pu o6padboTke TBepaoro cruiaBa BK15. Xapakrep uzHoca Bcex IUIACTUH OJHOPOIHBIN
1 paBHOMepHbIH. [ImacTHbI KOMIO3UTa anMa3-10JI0MUT UMEIOT MUHUMAJIbHYIO IJIOMIAJKY U3HOCA.
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Puc. 7. Muxkpogomozcpagpuu yuacmra uznoca pexcywei. KpOMKU NAACMUH KOMRO3UMA aimasz-
oonomum (a), armaz-SrCO3 (6), ATII (8) nocrne mouenus BK15

AHanu3 u3HOca pexyuied KpoMkH Tutactd komno3utoB u ATII mocne ToueHus rpaHura
MOKa3bIBaET, YTO Xapaktep u3Hoca ATII HepaBHOMEpHBI, HAOIIOAAIOTCS CKOJIBI M BHIKpPAITMBAHUS
Ha IUIoIIaIKe u3Hoca (puc. 8).

Puc. 8. Muxpogomoepaghuu yuacmka usnoca pexcyweit KpOMKY NIACMUH KOMROZUMA aimas-
oonomum (a), armasz-SrCOgz (6), ATII (8) nocie mouenusi BK'15

B Tabn. 2 mpencraBieHsl pe3yabTaThl MCHBITAHUM TUIACTUH IOJIYYEHHBIX KOMIIO3UTOB U
ATII, rne moka3aHbl 3HaYEHUs JTHHEWHOTO pa3Mepa IUIOMIAAKH U3HOCA TI0 OOKOBOI MOBEPXHOCTH
IUTACTHHBI.

Tabmuua 2. U3Hoc MJIACTHH KOMIIO3MTOB M0 Pe3yJbTAaTaM HCNILITAHUI PH 00padoTke
TBepaoro ciiapa mapku BK15 u rpanura

Kommosur WzHoc nocie Touenus BK15, H3Hoc mociae ToueHus
MM TpaHUTa, MM
AnmMa3z-goiIoMuT 0,14+0,02 0,18+0,04
Anmaz-SrCOs3 0,224+0,03 0,30+0,03
ATII 0,20+0,03 0,39+0,04

Takoil moOKa3aTeab HW3HOCOTOMKOCTH JAeT BO3MOXKHOCTb OIPEIEIUTh CTENEHb UX
MOTEeHIIUATBHON Y (HEKTUBHOCTH MPUMEHEHHUS B OYpOBOM H PEXYIIeM HHCTpyMeHTe. HanMeHbmit
M3HOC M HAWIYYIIUH pe3yibTaT IO CPaBHEHUIO C IDIaCTHHaMH Kommo3uTa anmMasz-SrCOs u ATII
MOKa3bIBAIOT IUIACTUHBI KOMIIO3UTA ajiMa-f0JIOMUT, KaK MPU TOYEHUU TBEPAOrO CIUIaBA MApPKHU
BK15, tak m mpu 00paboTKe KEepHA MEJIKO3EPHOCTOrO ceporo rpaHuta KopocCTHIIEBCKOTO
MECTOpOXKIeHUsT 9-ii kareropuu OypuMocCTH. B AByX BHIaX HCHOBITAHUNA [0 OINPEACICHUIO
[MOKa3aTelIsl K3HOCOCTONKOCTH IUIACTHHBI KOMITO3UTA ajiMa3-goiaoMuT Ha 30-50% Boliie moka3zarteist
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nzHococtoiikoctn ATII. O6pa3ipl kommo3uTa anmasz-SrCO3z HemHoro ycrymarot oopasnam ATII mo
pe3yibTaTaM TOUEHUs TBEPIOTOo CIIaBa U MMEIOT JIyUIIKe TI0Ka3aTeIu pu o0paboTKe TpaHuTa.

Takum o0pa3oM, pexyImas CIIOCOOHOCTh CBEPXTBEPAOr0 KOMITO3HIIMOHHOTO MaTepHhala
aJIMa3—J10JIOMUT TPEBOCXOIUT pexyuryto crnocobHocts ATII mpu o6paboTke TBepAOro criaBa
BK15 u rpanwura. Ilpeanoxennsiii cmocod crekanus cuctembl anma3—CaMg(COsz)2 B ycimoBusx
Bbicokux nasieHuil (8,0 I'lla) u Temneparyp (2100°C) ¢ ucnonszoBanuem ABJ[ tuma Topouns
MOXET OBITh PEKOMEHJOBaH JUIS OIBITHO-IPOMBIIUICEHHOTO BBITYCKAa IUIACTHH KOMIIO3UTa Ha
OCHOBE ajMasa Uil OCHAIIEHUS OypOBOTO M PEKYIIETO HHCTPYMEHTA.

PabGorta BbImONIHEHA TpPU TOAJNEPKKE M B COOTBETCTBUM C HAYYHO-HCCIIEI0BATEIHCKOU
tematukoit Ne III-6-17 (0973) UCM HAH Vkpaunsl: «MccnenoBaHue 3aKOHOMEPHOCTEH
TEPMOOAPHUECKOT0 CHEKAaHUSA TEPMOCTOMKHX aJIMa30COJCPKALIINX KOMIIO3UTOB C J100aBKaMu
MHOTOKOMIIOHEHTHBIX KapOOHATOB U pa3paboTKa BHICOKOI(PPEKTUBHBIX OYPOBBIX HHCTPYMEHTOB Ha
UX OCHOBEY.

B ymosax sucoxoeo mucky 8,0 I'Tla i memnepamypu 2100°C o0eparcano 3paszku KOMIO3UMIE 8 CUCHEMAX
ammaz-oonomim ma aimas-SrCOs. Memodamu penmeeHoCmpyKmypHo2o aHAmi3y, CKAHYIOHOi eneKmpoHHOT
MIKPOCKONIT 8U3HAYEHO (a308ull CKIA0 ma 0COOIUBOCMI CmMpYKmypu Komnosumis. Ilpogederno eunpobyeanms
nracmun komnozumi i 3paskie ATII npu mouinni epanimy i meepooco cnaasy mapku BK15. Busaeneno, wo 6ci
080GhasHi 3pasKu MaOmMeb AIMA3HULL KAPKAC MA MAKPOBKIIOUEHHs KapOOHAmMHOI (hazu, emicm sKoi 8 crmpyKmypi
Komnosumy cmanosums 8,5-8,8 00.%. Bcmanoeneno, uwjo noKasHUK 3HOCOCMILIKOCI 3pA3Ki8 KOMNO3UMY aimas-
SrCOs gionosioae noxasnuxy snococmitixocmi ATII npu 0opobyi BK15 i nepesepuiye tioco obpodyi epanimy. ¥
080X 8UO0AX BUNPOOYBAHL MAKCUMANLHY 3HOCOCMIUKICMb NOKA3VIOMb NIACIUHU KOMNO3UMY AIMA3-00J0MIM,
3HAYeHHs 3HOCY Pi3anbHoi kpomku saxux Ha 30-50% menute 3pasxie ATII

Kniouosi cnosa: anmas, oonomim, KapboHam CMPOHYIIO, BUCOKUU MUCK, MOYIHHA, 3HOC,
3HOCOCMIUKICHb.

N. A. Bondarenko, A. S. Osipov, A. M. Isonkin, Iu. A. Melniichuk, A. I. Bykov
WEAR RESISTANCE OF DIAMOND-DOLOMITE AND DIAMOND-STRONTIUM CARBONATE
COMPOSITES PRODUCED UNDER HPHT-CONDITIONS

Composites based on diamond in the systems of diamond-dolomite and diamond-SrCOsz were
obtained under high pressure (8.0 GPa) and high temperature (2100°C). Technique of X-ray diffraction
analysis and scanning electron microscopy were determined content and structural features of the
composites. Performance testing of composite cutters and PCD samples were carried out at the turning of
granite and hard alloy WC/15 mas.%Co. It was found that all samples with contain two phases have a
diamond frame and macroinclusions of the carbonate phase (8.5-8.8 vol.%). It has been established that the
wear resistance of diamond-SrCOs samples corresponds to the wear resistance of PCD while machining
hard alloy WC/15 mas.%Co and exceeds it during granite processing. In two types of tests, the diamond-
dolomite composite composites demonstrated the maximum wear resistance, cutting edge being 30-50%
lower than in the PCD samples.

Key words: diamond, dolomite, strontium carbonate, high pressure, turning, wear, wear resistance.
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