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®OPMUPOBAHUE HAHOKPUCTAJUIMYECKNX KOMITO3UILIMIA
TiC-Co U TiN-Co B IIPUCYTCTBU MOJINBAEHA U ETO
TYT'OINIABKUX COEJMHEHNU B ITPOLUECCE INIASMEHHOU

INEPEKOHAEHCAIMA
MetonoM 1mIa3MEHHOW NEPEKOHACHCAMM B  HU3KOTEMIIEPATypPHOMU
a30THOM ia3me ObLTH nepepadoTaHbl MEXaHHYECKHUE cMecH

mukpokpuctammueckux  nopomkoB TiC—Co wu TiN-Co. B  xoxe
PEHTIreHOTpAPUUYECKUX U BIEKTPOHHO-MUKPOCKOMUYECKUX HCCIIECIOBAHUM, B
TOM YHUCIIe C ucnojb3oBaHueM Metoauk EDX-ananu3za, Obl10 yCTaHOBIEHO, YTO
HAaHOKPHUCTAJUIMYECKUE KOMIIO3UIIMK HMMEIOT PaJuaibHO-CIOEBYIO CTPYKTYpY,
COCTOSIIIIYIO M3 TYTOIUIABKOTO siApa U METAITMYECKOM OOO0JOUKH, COACpIKAIICH
KOOaJbT, MOJIMO/ICH WJIM UX B3aUMHbBIC TBEP/IbIC PACTBOPHI.

Kntouesvie  cnosa: nnasMeHHas —TepekoHjaeHcanus, —«core-shelly»-
CTPYKTypa, KapOujJ TWUTaHa, HHUTPUJ THUTAHA, KOOAIbT, MOJUOMICH,
peHTreHo(a3oBkIil aHaNN3, PACTPOBAsI TEKTPOHHAS MUKPOCKOIHSI.

Yu. A. Avdeeva, 1. V. Luzhkova, Yu. S. Gorodetskaya, A. N. Ermakov,
L. Kh. Askarova, Yu. G. Zainulin

FORMATION OF NANOCRYSTALLINE COMPOSITIONS
TiC—Co AND TiN—Co IN THE PRESENCE OF MOLYBDENUM
AND ITS REFRACTORY COMPOUNDS DURING PLASMA
RECONDENSATION

Mechanical mixtures of microcrystalline TiC—Co and TiN-Co powders
were processed by plasma recondensation in a low-temperature nitrogen plasma.
It was found that during radiographic and electron microscopic studies,
including using EDX analysis techniques, nanocrystalline compositions have a
radial layer structure consisting of a refractory core and a metallic shell
containing cobalt, molybdenum or their mutual solid solutions.

Keywords: plasma recondensation, "core-shell"-structure, titanium
carbide, titanium nitride, cobalt, molybdenum, X-ray phase analysis, scanning
electron microscopy.
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PanuanbHo-ciioeBbie win «core-shell»-CTpyKTypbl HaHOKPUCTAILIMYECKOTO
Juana3oHa Ha OCHOBE TYTOIUJIABKMX COCIUHEHHWM TUTaHa, BaHAAMs W MOJUOEHA
MPEJICTABISAIOT HMHTEPEC C TOYKH 3pPEHHs] WX NPUMEHUMOCTH B Pa3IUYHBIX
00JIacTsIX HayKu U TEXHUKU. B KauecTBe M30paHHBIX TEXHUUYECKUX HAIPABIICHUI
UCMOJIb30BAHUS MOXKHO Ha3BaTh JIMTEHHOE MPOU3BOACTBO, rae «core-shell»-
CTPYKTYpPbl HCIOJIB3YIOTCS B KaueCTBE HEPACTBOPUMBIX MOJIU(DUKATOPOB MpHU
BHETIEYHOI 00pab0TKe METaTyprUYeCcKuX paciuiaBoB [1], a Takke mMpUMEHEHHE
B KauecTBE MPUCAJOK K MOTOPHBIM MaciiaMm, YTO MO3BOJISIET 3aJI€YUBATH U3HOC
OOKOBBIX CTEHOK IMJIMHIPOB JIBUTaTejeil BHyTpeHHero cropanus. C Hay4dHOU
TOYKHA 3pEHUS, PaJAUalbHO-CIIOEBbIE HAHOKPUCTAJUIMYECKUE KOMITO3UIIMHU
MIPEJICTABIIIOT UHTEPEC B IUIAHE CTPYKTYPHO-MOP(OIOTHUESCKIX OCOOSHHOCTEH
cTtpoenus. Tak, Hampumep, TUIA3MOXUMHYECKas MepepaboTka MOPOIIKOBOTO
HUKENIWJa TWUTaHA B HU3KOTEMIEPAaTypHOM Aa30THOM IUIa3Me€ IO CXEMe
IJIa3MEHHOM  TEPEKOHJICHCAIIMU  T03BOoJIMia  obecneduTh  (HOpMUpPOBAHUE
HAHOKPUCTANIMYECKUX  4YacThl]  HUTpuTa  TUTaHa  TiIN,  MOKPBITHIX
METAUIMYECKUM HuKeneM [2]. BBuagy Toro, yro mno panHeiM [3] yroxn
CMauyMBaHWs HUTPUIA THTaHA paciulaBoM Hukens pasen 120°, 1. e.
CMayMBa€MOCTh  MPAKTUYECKH  OTCYTCTBYET, pEHTreHOorpauyecku M
AIEKTPOHHO-MUKPOCKOTTUYECKH c IPUMEHEHUEM TPAHCMHCCUOHHBIX
TEXHOJOTUI ObUT  3aDUKCUPOBAH  CIOXKHBIA  TUTAH-HUKEJIEBBIM  HHUTPUT
Tip7NipsN, onucanusiii B pabore [4], KOTOpbIA B COOTBETCTBUU C TEOpHUEHl
Yanmepca [5] pacmomnaraercs Ha Mex(da3HOW TpaHUIE HUTPUAA TUTaHA U
HUKEJIS.

Taomuna 1

PesynbraTel POA dpakiuii TiN-Co u TiC—Co, mony4eHHBIX B X0OJI€
IJTA3MEHHOM MTEPEKOHAEHCAIlUM B HU3KOTEMIIEPATYPHOM a30THOM TJIa3Me

(paxims Cocrag, np. rp., IapamMeTpbl paxims CocrTag, np. Ip., IapaMeTpsl
TiN-Co(c) Mo2C (P63/mmc), 0,74 macc%, a = 2,9452, ¢ = 4,6324 1TiC-Co(c) Co (Fm-3m), 18,21 macc%, a = 3,5475
Mo (Im-3m), 5,79 macc%, a = 3,1461 TiN (Fm-3m), 40,92 macc%, a = 4,2433
TiO2 (Pmnm), 6,35 Macc%, a = 4,5967, ¢ = 2,9504 Tio7 Coo3N (P-6m2), 1,14 macc%, a = 2,9394, ¢ = 2,9083
Tio;7 CoosN (P-6m2), 0,08 macc%, a =2,9373, ¢ = 2,9109 Mo (Im-3m), 9,15 macc%, a = 3,1603
Co (Fm-3m), 31 macc%, a = 3,5381 Mo2C (P63/mmc), 30,58 macc%, a = 2,9897, ¢ = 4,7260

Tio7NigsN (P-6m2), 3,34 macc%, a = 2,9413, ¢ = 2,8922
TiN (Fm-3m), 52,70 macc%, a = 4,2361

TiN-Co(f) Mo»C (P63/mmc), 3,34 macc%, a = 2,9940, ¢ = 4,7310 1TiC-Co(f) Co (Fm-3m), 35,01 macc%, a = 3,5429
Mo (Im-3m), 4,03 macc%, a = 3,1459 TiN (Fm-3m), 50,33 macc%, a = 4,2353
TiO2 (Pmnm), 17,18 macc%, a =4,5951, ¢ = 2,9593 Tio7 Coo3N (P-6m2), 0,02 macc%, a = 2,9404, ¢ = 2,9003
Co (Fm-3m), 56,88 macc%, a = 3,5454 Mo (Im-3m), 3,01 macc%, a = 3,1534
Tio;NiosN (P-6m2), 0,60 macc%, a =2,9563, ¢ = 2,8647 Mo2C (P63/mmc), 6,47 macc%, a = 2,9893, ¢ = 4,7249
TiN (Fm-3m), 17,96 macc%, a = 4,2412 TiOz (Pmnm), 5,16 macc%, a = 4,5943, ¢ = 2,9568
1TiN-Co(c) | Mo2C (P63/mmc), 3,84 macc%, a = 2,9624, ¢ =4,7122 2TiC-Co(c) Co (Fm-3m), 21,54 macc%, a = 3,5381
Mo (Im-3m), 5,46 macc%, a = 3,1449 TiN (Fm-3m), 43,13 macc%, a = 4,2317
TiO2 (Pmnm), 7,43 macc%, a = 4,5858, ¢ =2,9598 Tio; CoosN (P-6m2), 7,37 macc%, a = 2,9659, ¢ = 2,8849
Tio7 CoosN (P-6m2), 0,43 macc%, a = 2,9429, ¢ = 2,9095 Mo (Im-3m), 5,61 macc%, a = 3,1404
Co (Fm-3m), 28,50 macc%, a = 3,5404 Mo:C (P63/mmc), 22,34 macc%, a = 2,9636, ¢ =4,7776

Tio,7NigsN (P-6m2), 0,68 macc%, a = 3,0400, ¢ = 2,7910
TiN (Fm-3m), 53,66 macc%, a = 4,2387
1TiN-Co (f) | Mo2C (P63/mmc), 0,97 macc%, a = 2,9896, ¢ = 4,7331 1TiC-Co(f) Co (Fm-3m), 24,30 macc%, a = 3,5416

Mo (Im-3m), 1,97 Macc%, a = 3,1458 TiN (Fm-3m), 42,96 vacc%, a = 4,2312
TiO» (Pmnm), 23,65 Macc%, a = 4,5941, ¢ = 2,9554 Tig7 CoosN (P-6m2), 3,71 macc%, a = 2,9541, ¢ = 2,9009
Co (Fm-3m), 65,64 mace%, a = 3,546 Mo (Im-3m), 0,95 macc%, a = 3,1433

TiN (Fm-3m), 7,77 macc%, a = 4,2374 Mo,C (P63/mmc), 11,57 macc%, a = 2,9667, ¢ = 4,7802

TiO, ((Pmnm), 16,52 Macc%, a = 4,6452, ¢ = 2,9662
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Puc. 1. Pentrenorpammsl ¢ppakuuit TiN—Co, HOTy4YeHHBIX B pe3yJibTaTe IIa3MEeHHON
MEePEKOHAEHCAIIMY B HU3KOTEMIIEPATyPHOUM a30THOM IJ1a3Me

® - Co (Fm-3m)
4 - Mo (Im-3m)
@ - Mo C (P63/mmc)

O - TiN (Fm-3m)
V- |'iu_[..'u_J__IN (P-6m2)
A - TiO (Pmnm)
1TiCCo-c ’

1TiCCo-f
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Puc. 2. Pentrenorpammer ppaxiuii TiC—Co, moydeHHBIX B pe3yibTaTe MIa3MEeHHON
NIEPEKOH/ICHCALlUN B HU3KOTEMIIEPATYpPHOHN a30THOM ILIa3mMe

B nacrosmieir  paGoTe  mpeAnpuHATa  MOMbBITKA  TUIA3MEHHOMN
MIEPEKOHJICHCAIIMM B HU3KOTEMIICPATYPHOW a30THOW IUIa3Me MEXaHMYECKHUX
cMecel Ha OCHOBe KapOuJa M HHUTpUJA TUTAHA C KOOAJIBTOM C IIEJbIO
dhopmupoBanus «core-shelly-nanoctpykryp TiC—Co u TiN—Co.

B mnpouecce arrecraiud MOJYYEHHBIX HAHOKOMIIO3UIMK IO JaHHBIM
pentrerorpaduu (puc. 1, 2, Tabn. 1) u pacTpoBON AINEKTPOHHONH MUKPOCKOITUU
OBLJIO0 TIOKa3aHO, YTO BCE (DpaKIMK COoAepk AT METaJUIMUECKUil MouOeH (Tp.rp.
Fm-3m) u ero xapoung Mo,C rekcaroHaibHOW MoauduKanuu (Ip.rp.
P63/mmc). Ilpu 5TOM, 3JEKTPOHHO-MUKPOCKOMMYECKH C Tmomolibio EDX-
aHanu3za (puc. 3, 4) ObUIO OTMEUEHO BBICOKOE COJIepXKaHUE MOJIMO/ICHA,
3HAYUTETHLHO MPEBHIIIAIOIICe KaK TUTAH, TAaK U KOOAIBT, M (DAKTUICCKU TIOTHOE
OTCYTCTBHE yTJIEpPOJIa U a30Ta B TIOJYYCHHBIX 00pa3Iax.
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Puc. 3. Pesynbratel EDX-ananu3za ¢pakuuii TiC—Co, moJy4eHHBIX B pe3yJIbTaTe IIa3MEHHOM

MEePEKOHICHCAINH B HU3KOTeMIlepaTypHoi a3oTHou miasme: a — 1 TiCCo-c, 6, 6 — 2TiCCo-f
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Puc. 4. Pesynbratel EDX-ananu3a ¢pakuuii TiN—Co, nosrydeHHBIX B pe3yibTaTe
MJIa3MEHHOM MEePEKOHICHCAIIMY B HU3KOTEMITepaTypHoO# azoTHoM mia3me: a — 2TiNCo-c,
6 — 1TiNCo-f, 6 — 2TiNCo-f
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[IpencraBinenHslii pakT rOBOPUT O TOM, YTO B MpoOIECCe IJIa3MEHHOU
NEPEeKOHICHCAINH, T CKOPOCTh OXJIKICHUS B 3aKaJOYHOW KaMepe JTOCTHTaeT
10° °C/c, mpousoruio hopMHPOBAHHE TYrOMIABKUX COCIUHCHHUI THTAHA B BHIE
KapOuaa WK HUTPHUAA COOTBETCTBEHHO, a Jajiee Ha UX MOBEPXHOCTH, HECMOTPSI
Ha BBICOKYIO CKOPOCTh KPHUCTAUIM3AIMHM, MPOUCXOAUT HApAaCTaHUE CIIOEB
kapounga moymbnena Mo,C (mp.rp. P63/mmc), metamummueckoro moymnbieHa
(op.rp. Im-3m) u koOankra (np.rp. Fm-3m). Ykazannas nociaegoBaTeIbHOCTh
dazoobpazoBaHus XapaKTepU3yeTcs MOHKCHUEM TEeMIIepaTyphI
KPUCTAJUIM3AI[MU  BBIIICYKA3aHHBIX (DA30BBIX COCTABISIOMIUX OT IEHTpa
HAHOYACTHUIIBI K €€ Kparo.

Asmopwvl  ewipadxcaiom — 061a200apHOCMb  KAHO. MexH. HayK
3. K. Jloopunckomy (@I'VII THUUXTOOC) 3a nomows 8 npogedeHuu
9KCNEPUMEHMO8 NO NIA3MEHHOU NePeKOHOeHCaAyuu MeXaHuuecKou cmecu
TiN—Co u TiC—Co.
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