Boinyck 22. [IOPO{OPA3PYIIAIOIUH U METAJIOOBPABATBIBAIOL]UM HHCTPYMEHT — TEXHHUKA
U TEXHOJIOT'MA EI'O U3IOTOBJIEHUA U I[IPUMEHEHUA
http:/altis-ism.org.ua

YK 620.22-419:621.921.34:661.657.5 DOI: 10.33839/2223-3938-2019-22-1-238-245
B. I'. Iloaropaukuii, KaHJ. TEXH. HAyK

Hncmumym ceepxmeepovix mamepuanos um. B.H. Baxynas HAH Ykpaunwi
Vrpauna, 04074, Kues, yn1. Aémoszasoockas, 2, E-mail: vg.poltoratsky@gmail.com

COBMECTHASA KPUCTAJVIN3ALIUA HUTEBUJIHOI'O U I'JIOBYJISAPHOI'O
YI'JIEPOJA HA AJIMA3E U cBN ITPU CO3JAHUU KOMIIO3ULHTUOHHBIX
ABPA3UBHBIX TEPMOCTOHUKHX IMMOPOIIKOB, ITPEJTHASHAYEHHBIX JIJIS
JIM®OBAJIBHOI'O UHCTPYMEHTA

Hccneoosamnvl ocobennocmu coemMecmuol KpUCManiu3ayuu HUmeguoHo20 u 2no0yIapHo2o yenepooa
6 CcMecu NOPOWKOG  CBEPXMBEPOLIX  MAMEPUANO8  (MUKPONOPOWOK — KyOOHUMA, — WIUGNOPOUIOK
CUHMEMUYeCcKo20 aImMasa), npusooauel K Gopmuposanuo KOMROZUYUOHHO20 AOPA3UBHO20 MAMEPUudnd 8
VCNIOBUAX PUBUKO-XUMUYECKO2O 2A30(haA3HO20 CUHME3A NpuU OAGIEHUU HUNCEe AMMOCPepHo20. YcemanoesneHo,
umo npu popmuposanuu y2nepoOHOl CEA3KU U3 yenepoocooepicauieco 2aza (Memana) Ha nosepxHocmu
yacmuy aimaza u Kyouueckoeo Humpuoa 6opa npoucxooum nociedosamenbHoe 00pa3os8anie HUmesUOHbIX U
2N0OYNAPHBIX  YeNepOOHbIX CIMPYKMYP, CEA3bI8AIOWUX YACMUYbl Cc8epxmeepobix mamepuanos. lloxkazana
B03MOIACHOCTIL MOOUPUYUPOBAHUS NOTYHEHHBIX KOMNOZUYUOHHBIX NOPOUIKOE MEPMOCHOUKUMU NOKPLIMUAMU
Ha OCHOBe HeOP2aHUYeCKUX 6eujecms (OKCUoos u Xi1opuoos Memaiios U HeMemaiios).

Knroueeswle cnosa: anmas, Kyouueckuii Humpuo 6opa, HUmMmesUOHbwll y2iepoo, 2100YIApHbILL Yyenepoo,
CKOpOCMb pocma, Macco8as CKopoCcms, MOOUPUKAYUSL.

Beenenue

Hcnonb3oBaHue abpa3MBHBIX MOJUKPUCTANIMYECKUX KOMIIO3MLMOHHBIX MOPOIIKOB, 3epHA
KOTOpBIX cocToAT u3 Menkux vactul CTM, cBs3aHHBIX B €JUHBIH NPOYHBIM MaTepuan, Kak
C IIPAKTUYECKOM, TaK U TEOPETUYECKOM TOYKU 3pPEHUsA, IPEICTABIACTCA IEPCIEKTUBHBIM
HaIpaBJIEHUEM CO3/1aHUA NUIN(OBATBHOIO HHCTPYMEHTA.

IIoBEpXHOCTH TAaKOr0 KOMIIO3ULMOHHOIO 3€pHAa HMMEET HECKOJIBKO PEXYIIHX KpPOMOK,
3aJlaBaéMbIX  OTJAEJIbHBIMU YacTHLAaMU. B mpouecce paboTbl MPOUCXOIUT  MOCTENEHHOE
MHUKpPOpa3pylLIEHUE MMOBEPXHOCTH 3€pHA, YAAIECHUE OTACIbHBIX YAaCTHUI[ U BOCCO3aHUE UCXOAHOIO
penbeda U CTPYKTypbl MOBEpXHOCTH. Kpome TOro, mnpu mojiyueHuu KOMIIO3UTOB MOTYT OBITh
UCIOJb30BaHbl 0oOJiee MENKHe, «HEXOJOBBIE» 3E€PHUCTOCTH U Jaxe HeKIacCU(UIMPOBAHHBIE
nopoiku anMasza u KHbB, a npoaykrom siBisitorcst 0oJiee 1eHHbIE KpYIHbIE 3€pHa U HUTH(DIOPOLIKI
[1]. IlepcneKTHBHBIM TaKXke SBISETCA TaKXke MOAUDUIMPOBAHHE TAaKMX KOMITO3UIIMMOHHBIX
MOPOIIKOB TEPMOCTOMKMUMH TOKPBITUSMU HAa OCHOBE HEOPraHMYECKHX BeIIeCTB (OKCHIOB
Y XJIOPUJIOB METAJJIOB M HEMETAIIoB) [2].

OpnHako MCHOJIB30BaHUE CBEPXTBEP/BIX MOJIMKPUCTAIUNIMYECKUX 3€PEH B HACTOSILEE BPEMs
HE PacIpoCTPaHEHO MIUPOKO, MPEXKAE BCETO, U3-3a CI0KHOCTU MOJIYYEHHUS] KOMIIO3UTOB HA OCHOBE
CTM u noporoii ocHacTku [3].

CuHTE3 TaKMX MAaTepHAIOB TEXHOJIOTHMYECKU CIIOKEH, TOITOMY MPEACTABISIIOT MHTEpeC paboThl,
TMTOCBSILLICHHBIE TIOJy4EHUIO KOMIIO3MIIMOHHBIX MarepuanoB Ha ocHOoBe CTM, CTpyKTypHpOBaHHBIX
YIIIEPOTHON CBS3KOH — HUTEBHIHBIM U TIIOOYIISPHBIM YIIIEPOAOM, IPH HU3KKX JABICHHSX [4].

HoBbIM HampaBiieHHEM HW3TOTOBJIEHUS MaTEPHAIOB CO CBOWCTBAMH IOJUKPUCTAJUIOB U
KOMIIO3UTOB SIBJISIETCS LI€JI€HANPaBIeHHOE (POPMUPOBAHHUE CTPYKTYPUPYIOIIEH YIIepOIHON CBSI3KU
— HHUTEBHUJIHOTO U TJOOYISPHOTO yriaepoaa — JUIsl MOJTYYeHHs] CBEPXTBEPIbIX KOMITIO3ULIMOHHBIX
MaTepHaJioB Ha OCHOBE alMa3a U KyOmueckoro Hutpuaa 6opa (cBN, KHB) npu HU3KUX JaBieHUsIX
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yriaepoacoaepxammx razoB. 1o cpaBHEHHIO ¢ MaTepUalaMyd CTaTHUYECKOTO CHHTE3a MaTepUallbl,
CHHTE3MPOBaHHBIC MIPU HU3KUX P, T - mapamerpax, UMEIOT TaKOH pa3Mep 3epeH, KOTOPbIi jeaer
BO3MOKHBIM JTAJIbHEHINIEE WM3TOTOBJIEHUE W3 HUX KPYIMHO3EPHUCTHIX MOPOMIKOB C YIYYIICHHBIMU
CBOWCTBaMH, TAKUMH KaK TEPMOCTA0MILHOCTh. TaKKe BayKHBIM SBIISICTCS MOIU(DUITUPOBAHAE TAKHX
KPYITHO3EPHUCTBIX KOMIIO3UIIMOHHBIX IOPOIIKOB TEPMOCTOHKMMH TOKPHITHSAMU Ha OCHOBE
HEOPTraHWYECKUX BEIHICCTB (OKCHIOB M XJIOPHIOB METAUIOB M HEMETAUIOB) JIJISl CO3JaHHS
1 dy3noHHOTO Oapbepa, MPEMATCTBYIOMIETO MPOHUKHOBEHHUIO KHUCIIOPOJA MPU W3TOTOBICHUH
u padote nuMdoBaIbHOrO0 HHCTPYMEHTA U3 TAKMX a0pa3UBHBIX MATEPHAJIOB.

Lenp nanHO#l pabOTBI — OMNpeleNeHHuEe MAacChl YITIEPOAHOM CBSI3KM — HUTEBHIHOTO U
rII00YISIpHOTO  yriaepojaa, oOpa3oBaBiieiics Ha anmasze M CBN mpu coznanum KOMITO3UITMOHHBIX
aOpa3suBHBIX TEPMOCTOMKHX MOPOIIKOB, MPEAHA3HAYEHHBIX Ul NUTH(OBAIILHOTO HHCTPYMEHTA.

MarepuaJbl, 000py10BaHHe, METOAbI UCCJIEIOBAHUS

KoMmrioneHTamu abpa3WBHBIX KOMIIO3HIIMOHHBIX MAaTEPUaIOB, OOpPa3yIOIIUXCS METOJIOM
(bU3UKO-XMMHYECKOro cuHTe3a Ha MO karajau3aTope B peakTope YCTAaHOBKHU (DM3HKO-XMMHYECKOIO
cuareza (MCM HAHY) [4,5], sBustorcs Mukporopomku Kybonura: KM 3/2, KM 3/0 u
U IOpOLIOK cHHTeTHYecKoro anmasa: AC6 125/100.

Jlnist cuHTe3a YIaepoIHON CBSI3KH — HUTEBUIHOTO M TTIOOYJISIPHOTO YTIIEPOaa — UCIIOJIb30BANIN
yriepoacoaepskaiuii ra3 metan (CHa).

[TorydeHHbIE KOMITO3HIIMOHHBIC MaTepUajbl OBLIM HCCIEAOBAHBI METOJAMH SJICKTPOHHOM
MUKPOCKOTIHH.

Bricokuii ypoBeHb MEXaHWYECKUX CBOMCTB KOMIIO3WUIIMOHHBIX MaTEpHaJIOB OOYCIIOBIICH
o0Opa3oBaHHEM 30H KOHTaKTa MEXIYy 3€pHAMH U apMUPOBAHUEM IOP HUTEBUIHBIM U TIIOOYIISPHBIM
yraepoaoM. Tak, mpu H3MEHEHHH JUaMeTpa OT 2 MKM JI0 1 MKM Tpejiesl MPOYHOCTH HUTEBHIHOTO
yraepoaa Bospactaet ot 7,85 I'Tla no 18,63 I'Tla [6].

CoBMecTHas KPUCTALTU3ANUS YIIEPOJHBIX HUTEBUIAHBIX KPUCTALIOB | TIIO0YISIPHOTO
yriaepoaa NPUBOJUT K IIOCTEIIEHHOMY YMEHBIICHHIO MAacCOBOW CKOPOCTH pPOCTa HUTEBUIHBIX
kpuctayuios [7, 8] (puc. 1-3).

Puc. 1. Humesuonvie yenepoouvie kpucmanivt  Puc. 2. Humesuonuwlil u 2100yasapublil yeiepoo
6 komnozume Ha octose KM 3/2 (1500x) 6 komnozume Ha ocHose KM 3/2
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Puc. 3. Inobynspuwiil yenepoo 6 komnosume na ochoée KM 3/2

JleliCTBUTENbHO, YIJIEPOJHBIC HHUTEBUIHBIC KPHUCTAJUIBI MOTYT OOpPa30BBIBATHCS JIMIIb
Ha CBOOOHOI OBEPXHOCTH YaCTHII IUCIIEPCHOTO MaTepualia 0J1aroapsi HOBEpXHOCTHONW SHEPTHH.
3apoieHue HHUTEBUIHOTO yIJiepoJa IPOMCXOJUT B 30HE BbIXojaa auciokamuid. CBoOOmHAs
MOBEPXHOCTh C TCUYCHHEM BPEMEHH yMeHbImaercs. (OUeBHIHO, YTO MPH PABHOJOCTYITHOM
MOBEPXHOCTH 3epHa (KaK U BCEX MPOYMX 3€PEH MOPOIIKa) CBOOOIHAS TIOBEPXHOCTh 3epHa (aiMasza
WM KyOMYeCcKOoro HUTpuaa 6opa), MOCTEIIeHHO 3aHUMaeMasi HUTEBUTHBIMHA KPUCTAIIAMH, Stc, OyIeT
yMmeHbIatbesi. O003HauMM Vge CKOPOCTh 3apacTaHus TIOBEPXHOCTH 3epHA MNIOOYIISPHBIM YIIIEPOIOM
(maccoBasi ckopocTh). Torma wu3MeHeHHe (YMEHBIIEHHE) TIOBEpXHOCTH 3€pHa, 3aHMMaeMOU
HUTEBUIHBIMU KpUCTAIUIaMU, (Sfc) OyIET MPOUCXOIUTH CO CKOPOCTHIO
ds
= VS M
u OyzeT 3aBHCETh OT BPEMEHH coriacHo (hopmyre

S,=S-e =", 2

rzie S — nojiHast UCXO/IHask TOBEPXHOCTh 3€pHa.
CxopocTb pocTa yIriIepoJHbIX HUTEBUIHBIX KPUCTAIIIOB TAK)KE CHUKACTCS:
dM
dt
3/1eCh Vic — yJlelbHasi CKOpPOCTh POCTa HUTEBUIHBIX KpHUCTALIOB, Mr — mHpupalieHre Macchl
HUTEBUIHBIX KPUCTAJLIIOB.
JUis TI00YSIpHOTO yTriiepoJa COOTBETCTBYIOIIEE YPABHEHNE UMEET BHL:

S, v, =S-v, eV 3)

dM _
dtgc S .(1_ o vgct).\,gc , (4)
rac Vgc — YACJIbHAsg CKOPOCTb POCTa rJ106yJI$IpHOFO yriiepoa Ha IMMOBEPXHOCTHU aJIMa3a I/I/I/IHI/I CBN,
Mgc — Macca BBIIEIMBIIErOCS TIIOOYIAPHOro yriaepojaa. llpupalieHue Macchl YIJIEPOIHBIX
HUTCBUJHBIX KPUCTAJIJIOB K MOMECHTY BPCMCHU t coctaBUT
V. -S _
M= > (1), (5)
\
a Macca BbIACJIUBIICTOCS rJ106yJI}IpHOFO yriiepoaa
V. -S
_ gc Vit
My, =8V 1= = 1) (6)
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fc

ITpu t — o0 CKOPOCTH pOCTa HUTEBUAHBIX KPUCTAIJIOB — 0 1 KOIMYeCcTBO HAPOCILIEro

HUTECBUIHOT'O yrﬂepoz[a HC HpCBHH.IaeT BCIIMYNHY
Vi -S
M, = )
V

gc

()

T.C. KOJINMYCCTBO BBIACIMUMBIICTOCA I‘JIOGyJISIpHOFO

gc’

dM .
[pu 5TOM X€ yCIOBUH dtg — S-v

yrJepoia HEYKJIOHHO YBEIMUNBACTCS.

BenuuuHbl Vic, Vge, Vge CBA3aHBI MEXKIYy COOOW M M3MEHUTh WX HE3aBUCHUMO JIPYT OT Apyra
HEBO3MOXKHO. J[Is1 JOCTHOKEHUs OOJBIIEro MPHUPOCTAa MAacChl HUTEBHJIHOTO YIiIepoja CIeAyeT
YBEJIMUUTH BpPEeMs TpoIlecca HapalluBaHUS, MPHU 3TOM JUTUTEIBHOCTH MpoIlecca He JOHKHA OBITh
CJIUILIKOM OOJIBIIOH.

CymMmapHBIi PUPOCT MacChl 3a Bpems t onpenensieTcs Kak

M=M,+M,, =Vi~(1—evg°t)~(vfc —V )+ SVt (8)
gc

[IpoBeneHHble HAaMU UCCIIEIOBAaHUS [S] MOKa3anu, YTO HUTEBUHBIN YIiIepo]l oOpa3yercs pu
temneparype 1273-1523 K, napnenuu rasza 2,5-10*-5,1-10% I1a u pacxone raza 3,1-10°-4,7-10° M/c.

CxopocThb cuHTE3a II00YISIPHOTO cliosl Vg B IIMPOKOM JHaNa30He TeMIIepaTyp U JaBICHUN
onuckiBaercs cootnomenuem (1) [7]. Ipu T = 1523 K, p = 2,5-10* [1a Benuuuna Vg = 6,2-10°
Moub/(M?-c) [9].

Ha nmpumepe xoMIio3uTa Ha OCHOBE MUKPOMOpOIIKa KyOndeckoro Hutpuga 6opa KM 3/2 u
nuidnopomika cunrernyeckoro anmaza AC 6 125/100 Mbl onpenenuiyu 3KCHepUMEHTAIbHO, YTO
1pu GOPMHUPOBAHUH B IIOpAX KOMIIO3UTAa HUTEBUAHOIO yriiepoia Ha0Jt01aeTcs IMHEHHAs CKOPOCTh
pocta Vi ~25-108 M1 (mpu T=1523 K, p=2,5-10*T1a). MaccoBas CKOpOCTb 0OpPa30BaHHUS
HUTEBUIHOrO yriepona Vi onpezensercs kak [10]

Vfc =V Pre , (9)
e pic = 2-107 xr/M> — yjenbHas IIOTHOCTH HUTEBHIHOTO YIIIEPO/IA.

Ipu Vic = 25-10 M/ 1 ¢ y4eToM TOT0, 4TO MOJIAPHAs Macca yriepoja papaa 12-107 kr/momns,
noiyaaeM Vi = 1,2 moms/(M%-¢) [9].

[TockonbKy CKOPOCTh pOCTa YIJIEPOIHBIX HUTEBUIHBIX KPUCTANIOB CHUXkaeTcs (3), Ha Bcel
MOBEPXHOCTU KOMIIO3MTa HaYMHAET 00pa30BbIBaThCA II00YIApHBIN yriaepos (4), XOTs aHAIOTUYHO
BBIYHCIIEHHAS CKOPOCTh POCTa TIo0yssapHOTo yriaepona Voo = 6,2-10° Mons/(M2-c) 3HaUHTENHEHO
MeHBIITe CKOPOCTH POCTa HUTEBHAHOTO yraepona Vic = 1,2 Mons/(M?-¢) [5]. Hanpumep, B KOMIIO3HTe
Ha ocHoBe mnopomka CBN KM 3/2 npu yka3aHHBIX BbIIIe peXuMax (OPMHUPOBAHUS YIIEpOTHOU
cBs3ku 3a 47 muH. oOpazyetcs 5.1 % HureBuaHOTO yrieponaa u 7.3 % riaoOyisipHOTO yriepoa.

YcTaHoBIIEHO, YTO MPH (POPMUPOBAHUM YIIIEPOAHOM CBS3KU U3 YIIIEPOACOAEPIKAIIEro rasa
(CH4) Ha mOBepXHOCTH YaCTHI[ aliMa3a W KyOMYECKOr0 HUTpHIA OOpa MPOUCXOIUT OYEepPEeIHOE
o0pa3oBaHNE HUTEBHIHBIX U TJOOYJISPHBIX YIJEPOAHBIX CTPYKTYP, CBSI3BIBAIOLIMX YaCTHIIBI
CBEPXTBEP/bIX MAaTEpUANIOB, NIPU CIEAYIOMNX yCIOBUAX: Temmeparypa — 1273-1523 K; naBnenue
raza —2,5-10%-5,1-10% Ia; pacxon raza —3,1- 10°-4,7-10° M®/c.

[Tpouecc oOpazoBaHusl TIOOYJISAPHOTO YIJIepoJa Ha MOBEPXHOCTU 3€pEH CBEPXTBEPABIX
MaTepHalioB HCCIIEAYeTCs, HO [0 HACTOSILIEro BPEMEHH elle HeT YeTKOW KapTHHBI Ipolecca
reTeporeHHON peakluy YriepoAHON MOBEPXHOCTH C yriieBojopoiamu. Tem Oosiee 3TO OTHOCHTCS
K POCTY YIJIEPOJHBIX HUTEBUAHBIX KPUCTAIIOB M INIOOYISPHOTO YIJIEpoAa Ha MOBEPXHOCTH 3€pEH
CTM.

[TockonbKy B HAaIIMX MCCIEAOBAHMSIX HUTEBUIHBIN M TIOOYISApHBIN yriepon oOpa3yroTcs
Ha TIOBEPXHOCTH 3€pPEH IUCIEPCHOTO CBEPXTBEPAOIr0 MaTepuaia (aama3 u/nian KyOudecKuil HUTpuI
6opa), TO ynaenbHas MOBEPXHOCTh OOPAa30BABLIETOCS KOMIIO3UIIMOHHOIO MarepHaja BO3pacTaeT
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B1l5—-2pa3za (mocne papobneHuss wu KiIaccH(PUKANMKM HA COOTBETCTBYIONIEM OOOPYIOBAHIH )
10 CPABHEHUIO C TIOPOIIKAMH ajIMa3a |/Wii KyOOHHTA TaKOH YKe 3€PHUCTOCTH. DTO, B CBOIO OUepe/lb,
CMOCOOCTBYET — YJIYUIICHHIO TIPOIleCcCa HAHECCHHsS TEPMOCTOMKHMX  IOKPBITHHA Ha OCHOBE
HEOPraHUYECKHX BEIIECTB (OKCHAOB U XJIOPHJIOB METAJLUIOB M HEMETAILIOB, B cMecei: B20O3, CrOs,
CaCly, NaCl, BaClz, MgCly, FeCls, KC1, B203+CaClz, B203+NaCl) Ha moBepXHOCTh 3€peH
HNUTAGIOPOIIKOB  CHHTETHYECKOrO0  ajiMa3a ¢ HUIM(IIOPOIIKOB M3 KOMIIAKTOB  HA OCHOBE
MuKpornopomkoB CBN, CBsI3aHHBIX HUTEBHIHBIM W TJIOOYJSIPHBIM YTIIEPOAOM, HCIOIb3yEeMBIX
B IIPOM3BOJICTBE aJIMa3HOI'O HHCTPYMECHTA.

Ha puc. 4 nokazanpl 3epHa NUTM(QIOPONIKOB CHHTETHYECKOTO aliMa3za M ILIH(IIOPOIIKOB
13 KOMITAKTOB Ha OCHOBE MHKpOMOpPOIIKOB CBN, cCBsi3aHHBIE HUTCBHIHBIM M TJIOOYJISIPHBIM
YIJIEPOIOM, TOKPbIThIe GopHbIM aHruapuaoM (B203). B 3aBrcuMOCTH OT ydacTka H300pa)KeHHsI
(1 —7) xonugectBO O0opa (B) B ocakaeHHOM MOKpbITHH M3MeHsieTcst ot 17.25 no 48.38 % (cpennee
3HaueHue — 36.17), kucnopoaa (O) ot 16.78 mo 65.11 % (cpennee 3Hauenue — 36.89), ocranpHoe —
C, Na, Si, K, Cr, Fe.

e - 3

BNeKTPOHHOE U30BpaKeHue
PMC. 4 3epHa szud)nopouucoe CUHmMemu4ecKko2o aima3a u LLUZM@”OPOWKOG U3 KOmMnaxkmoe Ha OCHoee

muxponopouixos CBN, cesazannvie HumMmesUOHLIM U 2100V IAPHBIM Yenepodom, nokpsimvie B203

J 100mMKm

Ha ocHOBaHuM aHanm3a MpOBENEHHBIX CEPUN IKCIIEPUMEHTOB MOXXHO KOHCTAaTHPOBATH, YTO
HaHECEHUE MOKPBITUS U3 HEOPraHWYECKUX BEUIECTB (HEKOTOPHIX OKCHUIIOB M XJIOPHIOB METAJUIOB U
HEMETAJJIOB) Ha KOMITO3UIIOHHBIE MTOPOIIKU C YIIIEPOJHON CBA3KOW TOBBIIIAET TEPMOCTOHKOCTD
KOMIIO3UIIMOHHBIX MOpOWKOB. Jlyummii s¢dext momyueH mnpu oOpaboTke MaTepuana OOpHBIM
arruapuaom (B203).

[IpencraBnser MHTEpeC MCMOJIb30BaHHE HUTM(IOPOUIKOB M3 KOMIIAKTOB C HAaHECEHHBIMU
TEPMOCTONKHUMH MOKPHITHAMH B HNITH()OBATEHOM HHCTPYMEHTE.

BriBoabI

1. Onpenenensl pexxuMbl (HOPMUPOBAHUS YTIAECPOTHOMN CBA3KU U3 YIIIEPOACOIECPKAIIETO Ta3a
(MeTaHa) Ha TOBEPXHOCTH YaCTHUI[ B KOMIIAKTaX U3 MOPOIIKOB alIMa3a U KyOU4YecKoro HuTpuaa 6opa,
IPU KOTOPBIX MPOMCXOAWT OOpa30BaHWE HHUTEBHIHBIX W TIIOOYIAPHBIX YIJIEPOAHBIX CTPYKTYD,
CBSI3bIBAIOIIMX YAaCTHUIIBI CBEPXTBEPIOTr0 MaTepuaia: Temrneparypa — 1273-1523 K; naBnenue raza —
2,5-10*-5,1-10* Ia; pacxox raza — 3,1-10°-4,7-10° m%/c.
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2. OmpenielieHO  ONTHUMAIbHOE MPUPAICHHE MAacChl KOMIIO3MTa 3a cYeT 00pa3oBaHUs
HUTEBUIHOTO M INIOOYJISIPHOTO yIiiepoa.

3. [Tokazana BO3MOKHOCTh MOIU(DHUIIMPOBAHUS MOTYUCHHBIX KOMITO3UIIHOHHBIX MOPOIIKOB
TEPMOCTONKUMH MOKPBHITHSIMHU HA OCHOBE HEOPraHUYECKUX BEIIECCTB (OKCUIOB U XJIOPUIOB METAJLIOB
1 HeMeTa/uioB). Jlyurmii 3 dext noayden npu oopadoTke MaTepuaia 6opHbiM aHruapuIoM (B203).

4. TIpencraBisieT UHTEPEC MCIOIb30BAHUE MUIH(IIOPONIKOB M3 KOMITAKTOB ¢ HAHECCHHBIMHU
TEPMOCTOMKUMH MOKPHITUSAMH B ILTH(OBATBHOM HHCTPYMEHTE.

Hocniosxceno ocobnusocmi cymicHoi Kpucmanizayii HUMKONOOIOHO20 ma 2100YIAPHO20 8yeleyto 8
cyMiwi NOPOWIKi6 HAOMEEPOUX Mamepianie (MIKPONOPOWIOK KYOOHIMY, WAIBROPOUOK CUHMEMUUHO2O
anmasy), wo npusooums 00 POPMYSAHHA KOMHOZUYIUHO20 aAOpaA3U6H020 Mamepiany 6 yMoeax @hizuxo-
XiMiuHO20 2a3z0¢hazHoco cuHme3y HpU MUCKY HUdcie 3a ammocgepHuii. Bcmawnosieno, wo nio uac
dopmysannsa gyeneyesoi 36'a3Ku 3 8y2neyesmicHo20 2a3zy (Memany) Ha NO8ePXHi YACMUHOK aamasy i KyOiuHo2o
HImpudy 60py 6i00Y8aAEMbCL NOCMYNO8E YMBOPEHHS HUMKONOOIOHUX Ma 2I0OVISAPHUX 8Y2Aeyesux CmpyKmyp,
Wo 38'a3y10Mmeb 4acMUHKU Haomeepoux mamepianie. Ilokazano modxcaugicmos MOOUDIKYBAHHA OMPUMAHUX
KOMNO3UYIUHUX NOPOUIKIE MEPMOCMIUKUMU NOKPUMMAMU HA OCHOBI HeOp2aHiYHuxX peyosurn (OKCuoig i
X10puodie Memanie i Hememainis).

Knrouoei crosa: anmas, xyoiunuii Himpuo Oopy, HUMKONOOIOHUL 8yeneyb, 2N00VIAPHULL 8y2ieyb,
WBUOKICIb POCHY, MACO8A WBUOKICTb, MOOUIKayis

V. G. Poltoratskiy
V. Bakul Institute of Superhard Materials of NAS Ukraine
CO-CRYSTALLIZATION OF FILAMENTOUS AND GLOBULAR CARBON ON DIAMOND AND
cBN DURING PRODUCTION OF COMPOSITE ABRASIVE THERMOSTABLE POWDERS
INTENDED FOR GRINDING TOOLS

The features of co-crystallization of filamentous and globular carbon in a mixture of powders of
superhard materials (micron powder of cubic boron nitride, grinding powder of synthetic diamond), leading
to the formation of composite abrasive material under conditions of physical-chemical gas-phase synthesis
at a pressure below atmospheric, are studied. It has been established that during the formation of
a carbon binder from carbon-containing gas (methane) on the surface of diamond and cubic boron nitride
particles, successive formation of filamentous and globular carbon structures linking the particles of
superhard materials occurs. The possibility of modifying the produced composite powders by heat-resistant
coatings based on inorganic substances (oxides and chlorides of metals and non-metals) is shown.

Key words: diamond, cubic boron nitride, filamentous carbon, globular carbon, growth rate,
mass rate, modification.
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BJUAHUE TEPMOOBPABOTKHA HA COCTAB U CBOMCTBA KOMIIO3UTA AJIMA3-
CaMg(COs)2, HTOTYYEHHOI'O METOAOM TEPMOBAPUYECKOT'O CIIEKAHUSI

B ycnosusax evicoxkoco dasnenus 8,0 I'lla u memnepamyper 2100°C Oviniu nonyuenvl obpasysl
xomnosuma 6 cucmeme aimaz-CaMg(COs).. B unmepsane memnepamyp 700-1200°C 6vi1a nposedena
mepmoobpabomka oopasyoe KOMnNO3UMa Ha 6030yxe. Ycmanoeieno, ymo npu memnepamypax omaicuea bonee
900°C cocmasnarwasn komnaxma CaMg(COs)z nornocmeio pasnacaemes u 6 cmpykmype —Cne4eHHO2O
mamepuana nadmooaromest ¢azvt CaO u MgO. I'papumuszayuu paser armaza 6 cmpykmype KOMNO3uma
amas-CaMg(COs), nocre omowcuca na 6030yxe 0o memnepamypor 1200°C ne obnapyceno. Ilpoyecc
paznoxcenust cioxcnozo kapoonama CaMg(COs)2 6 cmpykmype komnozuma npu omoicuee 006pazyos Ha
6030yxe npugooum K crudceruto mooyis FOnea om 940 I'lla npu 700°C 0o 740 I'Tla npu 1200°C. Henvimanus
NAACMUH KOMNO3UMA NPpU MOYeHUU 2SpaHuma noKa3eléaion, 4mo ux noxasameib U3HOCOCMOUKOCMU
ocmaemcsi HeU3SMEHHbIM 8 NPeOeNax 6Ce20 UCCLe0yeMOo20 MeMNepamypHo20 UHMePSaLd OMMACUSA.

Kntouesvie cnosa: ammas, CaMg(COs),, evicokoe Oasnenue, omowcue, mooyas FOnea, mouenue,
UBHOCOCMOUKOCHb.

TepMOCTOﬁKOCTB KOMITO3MIIMOHHBIX MAaTCPUAJIOB HA OCHOBEC ajiMa3a, MPE€AHa3HAUYCHHBIX IJIA
OCHAIlleHUs OYPOBBIX JOJIOT U KOPOHOK, SBJISIECTCS OJHUM U3 OCHOBHBIX SKCIUTYaTallMOHHBIX CBOWCTB,
KOTOpBIE OTpeeisieT BHICOKYIO 3 (heKTUBHOCTh MHCTpYMEHTA. B mporecce n3rotosienust 6ypoBoro
MHCTPYMEHTA MCIOJNb3YIOT BBICOKOTEMIIEPATYpHBIE MPUIION JJIsl KPEIUIEHHS aaMa30COAEpIKaIINX
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