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W3obpeTenne OTHOCUTCS K HAHOTEXHOJIOTHU W IIOPOLIKOBOM METATyPIHHi, B YaCTHOCTH K TTOJYYEHHIO
KOMITO3HMIITMOHHBIX MAaTepPHajoB C MCTAJUIMYCCKOM MaTpHilell Ha OCHOBE jKejie3a C JUCICPCHOM (ha3oi
Ha OCHOBE HAHOYACTHUI KapOwumoB. TeXHWYECKHUM pPE3yJIbTaTOM H300PETCHUs SBISIETCS ITOBBIIICHUE
MIPOYHOCTHBIX XapaKTEPHCTHK M >KApONPOYHOCTH KOMITO3MIIMOHHOTO MaTepHaia Ha OCHOBE JKele3a
U HHKENs, CONEpXKallero B KayecTBE JAUCIEPCHOM (a3bl KapOua THTaHa W KapOWJ KpEeMHHUS.
B ocHOBy pemieHHs TEXHHYECKOH 3aJadd 3asBICHHOTO H300pETEHHS IOJN0KEHO OpPUTHHAIBHOE U
HECTaH/apTHOE pelIeHHe, B KOTOPOM MCXOAHBIM OOBEKTOM ISl CHHTE3a KOMIO3UIIMOHHOTO Marepuaia
Ha OCHOBE METAJUIMYECKOM MAaTpHUIlbl (KeJIe30) U HaHOPa3MEPHBIX YHMPOUHSIOMINMX YacTHIl BBICTYHAIOT
HAaHOYACTHUIBI AWCIIepcHOW (a3pl (kapOmx THWTaHa, KapOWI KPEeMHHS) CO CTaHAAPTHBIMU pa3Mepamu
5-50 M. Marpuna (5kene30) CHHTE3HpYETCs XMMHYECKHM CIIOCOOOM Ha IMOBEPXHOCTH HAHOYACTHIL
KapOuaa TUTaHa WM KapOuJa KpeMHHUS M Jajee OCYIISCTBISIFOT KOMIIAKTHPOBAHUE W CIIEKaHUE
00pa3IoB, Ie B Pa3HBIX BECOBBIX COOTHOLIEHWSX HAaXONATCA MaTpHlla M AWCIEPCHas KapOuaHas
¢aza. Taxoil mMogXox MO3BOJIAET TONYYaTh CTPYKTYPY KOMIIO3WIIMOHHOTO Marepuana, riae B oObeme
METAJUTMYCCKON (KEeJIC3HOM) MAaTpHIlbl PaBHOMEPHO pacmpenensiiuck Hanodactuibl TiC wim SiC
6e3 mx koarymsinuu (yKpymHeHHs). Kak MOKa3pIBalOT pe3ynbTaThl MHOTOYHCIICHHBIX HCCIIEJOBaHMUH,
3asBJIICHHBIA CIIOCOO TIO3BOJISIET CO3[aBaTh KOMITO3MIMOHHBIM MaTepHal Ha OCHOBE METaJUIMYECKOH
MaTpulbl € MMOBBIIICHHBIMU IPOYHOCTHBIMU XAPAKTCPUCTUKAMHU M KAPONPOUYHOCTHIO, YTO ACIacT
MIEPCIIEKTUBHBIM €TO HCIIOIb30BAHNUE B MAIIMHOCTPOSHHWHM, B TOM YHUCIE JUIS U3TOTOBJICHHS 3JIEMEHTOB
1 y3JIOB Ta30TYpOMHHBIX JBUTATENEH aBHAMOHHO-KOCMHUYECKOW TEXHHKH, TEIIOHArPYXEHHBIX Y3JI0B
U JeTalieil MepCreKTUBHBIX Ia30TypOMHHBIX YCTAHOBOK M JIBHTaTelied ra3o-, He(TernepeKaunBarolmX,
TPAHCIIOPTHBIX X YHEPTETHUECKHUX CUCTEM, a TAKXKE PEXKYIIIEr0 NHCTPYMEHTA B METAIII000padaThIBaroIeit
MTPOMBIIIICHHOCTH.

vV £55006107¢



MIIK: C22C14; C22C1/10

Cnoco6 nosTyueHns: METAIHYECKOr0 KOMIO3MIHOHHOI0 MAaTepHaJia
¢ qucnepcHoi gasoii Ha 0cHOBe Kap6uaa

N3o0perenre oTHOCHTCA K 00JaCTH HAHOTEXHOJOTMH M MOPOLIKOBON MeTALTyprud, a
UMEHHO K KOMIIO3HMI[MOHHBIM MaTepHallaM ¢ METaJIMYECKOM MaTpuled M HaHOpa3MEPHHIMH
YIPOYHSIOIUMH YaCTUIIAMH KapOHIOB.

M3BeCTHBI KOMIIO3HI[HOHHBIE MATEPHAJIBI C METAIUIMYECKOH MATPHIIEH H YIIPOUHSIOIUMH
9JaCTHLIaMH KOMITO3HTOB HA OCHOBE METALIOB, B KAU€CTBE MATPHIIbI MIPHMEHSIOT AJIOMHUHHIM,
KEIe30, MarHui, HUKENb, MeAb U T.O. [KOMIO3HIHOHHBIE MaTepUabl, MOdydaeMble METOIOM
nponutkd. Tyunuckuid JLU. - M.: Meramtyprus, 1986. 208 c.; KoMIo3sHIHOHHEIE MaTepHATBL:
CTpOEHHME, MONIyICHUE, IpUMEHEHKE, bataes A A., Baraes B.A., u3n. Jloroc, 2006 r., 398 c1p.].
VYOpOYHSIOMMHE YacTHIIAMHM  CIYXaT TYrOIUIABKME YaCTHMIBl PAa3IMYHON IHCIIEPCHOCTH.
OCHOBHBIMH TIPEMMYIIECTBAMH KOMIIO3UIMOHHBIX MATEPHAIIOB ¢ METALTHYECKOM MaTpHuel 1o
CPaBHEHHIO C OObIMHBIM (63 ANCTIEPCHO} (ha3bl) METAIUIOM SBISIOTCS: MOBBIIEHHAS IPOYHOCTS,
MOBBIIICHHAS XKECTKOCTh, MOBBIIEHHOE CONPOTHBIIEHHE M3HOCY, MOBBIIICHHOE CONPOTHBIECHHE
MIONI3YYECTH.

OnmHako pasBuTHE TpeOOBaHMI TEXHHKH CTaBHT 3ajlady YJIyYIIEHHS PaBHOMEPHOCTH
pacnpesieNieHus YacTUIl JuctiepcHoi ¢asel. TpyanocTn B pacnipeneneHun ¢assl Py NOTyYECHHN
KOMIIO3MLIMOHHBIM MaTepHajiaM ¢ METAUIMYECKOH MaTpulleid ¥ YIPOUHSION[MMM 4YacTHIAMHU
KapOHIOB CBsi3aHbl C TEM, YTO YIJIbI CMAYMBaHHs CMEIIMBAaeMbIX (a3 BEIECTB CHJIBHO
ommuyatorcst. TakuM 06pa3oM HCIIONB30BAHHE JHCHIEPCHBIX YaCTHI] KapOHIOB NP BBEICHHH B
pacIuiaB MeTasuia He JaeT xeaaeMoro 3ddekra.

V3BecreH cmoco® MONydYeHMS  KOMIIO3HIMOHHOTO  MaTepHana, COAepKallero

METAUIMYECKYIO MaTpHLy M KepaMu4ieckuil ynpounutens [[latentr Ru 2246379 - Cnocob
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IOJTY4EHHs KOMIIO3MIMOHHOIO Martepuanal. ['oToBAT cMech mopomika MaTpHYHOTO METajlIa
¢ KepaMU4eCKHM ynpodnHuTesneM. [lofBepraioT ee MEXaHHYECKOMY JIETHPOBAHUIO C MOJYUYECHHEM
KOMIIO3HIIMOHHBLIX TPaHy] M INOCIEAYIOLIEH Jerasalill B BaKyyMe IpPH TeMIIEpaType BhIIIE
TEMIIEPATYPhl COJMHAYCa MaTpu4yHOro ciasa. Ilocie 4ero ocymecTBISIOT OpHKETHpOBaHHE
CMECH M TOPAYYH) JKCTPY3HIO OpHKEeTOB. TE€XHUYECKHM pe3yJbTaToM SBIAETCA IONydYECHHE
Oe3nedPexTHOH CTPYKTYphl, IOBBIIICHHE MEXaHHYECKHX CBOMcTB. OnHako u36exKaTh
arJoMepalyuy He yaaeTcs.

M3BecTen cnoco6  MOMyYeHHUsS H3AENUS M3 KOMIIO3MIMOHHOTO MaTepHajia Ha OCHOBE
MeTamyeckoi MaTpuibl, apmupoBanHoi SiC [Ilarent Ru Ne2392090 Cmocob MOJTy4YEHUs
U3ENHs U3 KOMIIO3HUIMOHHOIO Marepraia). B a3ToM crocobe HCXOAHYIO 3arOTOBKY IOJIYYalOT
IyTeM 3anojHenus GopMbl NOPOIMKOM KapOuaa KPEMHHUS PasHBIX pasMEPHBIX (pakiuii. 3atem
HCXOIHYIO 3aroTOBKY HarpeBaroT W IPONHTHIBAIOT PAacIUIaBOM MAaTPUYHOI'O METaUla IyTeM
HOrpyxeHus GopMbl B pacIljiaB ¢ IIOMOIIBIO MEXaHHYECKOro JaBiieHus Ha ¢opmy. OaHako, B
pe3yabrare B3aMMOJCHCTBHA >XMIKOH ¢a3sl (paciuiaB) u TBepras (asza (YacTHIBI KapOuaa
KPEMHHs) IpPOTEKAeT IPOLECC arjioMepalnuy ¥, CJIEIOBATEIBHO, C1a00e YBEIMYECHHE
MEXaHHYECKHX CBOKCTB, OHAKO, HAOIIOJaeTCs MOBHIIICHAE TEIIONPOBOIHBIX CBOMCTB.

M3BecTeH cmoco0 mMOMydYeHHS M3AENHM M3 KOMIO3HIMOHHBEIX MATEpHalioB ¢
HaHOPa3MEPHBIMU YNIPOYHSIOMMMH YacTuiaMu [mareHT RU 2485196 | , B KoTOpoM rpaHyJIsl
KOMIIO3UIMOHHOI'O MaTepHajla MOIy4aloT MEXaHHYECKUM JIETHPOBAHHEM IIOPOIIKOBOM CMECH,
coJiepxallle JacTMIbl MarpudHoro Marepuana u 0,1-50 06.% ynpodHSIOMMX HAHOYACTHIL
pasmepoM 0,7-100 BM. ITomyueHHble rpaHyBl pasMeIaoT B popMe, HarpeBaroT A0 YaCTHYHOIO
WK TIOJIHOI'O DAaCIIaBIE€HHUs TIpaHy] M NPOBOAAT TONYXHIKYIO HJIH JKHIKYIO MITaMIIOBKY.
IlpiMeHEHME HAHOYACTHI[ B KAa4yeCTBE YNPOUHSIOIMX YaCTHI[ CHH)XKAET YPOBEHH HE
PaBHOMEPHOCTH pacIpeAeIeHUs] HAHOYACTHII 10 BceMy 00beMy MaTpuilsl. OIHAKO arjioMepanus
HAHOYACTUI[ (M3-3a pa3sHOCTH YIJIOB CMa4yHWBaHHUS) HE IO3BOJMET JOCTHYL ITOTEHIHAIBHO
BBICOKHX 3HAYECHUHN IPOYHOCTH.

WspecTteH Cmoco® M3rOTOBIEHHS KOMIIO3UTA C METALIMYECKOM Marpuued u
HaHOPa3sMEPHBIMHM yNpOUHsAOMMH dacTunaMu [mareHT RU 2246379] Ha oCHOBe cMecH
MOPOIIKA MATPHYHOI0 MeETaula € KEepaMHYeCKMM YIPOYHHTENEM (C KepaMHYECKUMH
HaHOPasMEPHBIMM YacTHLAMH), Hauboee ONM3KHI K 3asBIEHHOMY Croco0y, M IPHHATHIA B
Ka4eCTBE NPOTOTHIA. B H3BECTHOM crocobe yKa3aHHYIO CMECh MOABEPTalOT MEXaHHYECKOMY
JICTHPOBAHUIO C IIOJIyYEHUEM KOMITO3UIIMOHHBIX T'PaHyJ M MOCIEAYIOUICH Aera3aud B BaKyyMe
Opd  TeMIEpaType BBILIE TEMIEPaTypbl COJNHIyca MATpHYHOrO cCIUiaBa. llocie dero

OCYLIECTBIISIOT OpUKETHPOBaHHE CMeCH (IPECCOBAHHE) M TOPSAYYIO OSKCTPY3HUIO OPHKETOB
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(cekaHde IOJ JaBICHHMEM) JUIA NOMydeHHs Oe3nepeKTHOM CTPYKTYphl M HOBBIICHHS
MEXaHHYECKUX CBOUCTB.

Henocrarkom H3BeCTHOTO c1Ioco6a SBISETCS HEAOCTATOUHO BBHICOKAs IPOYHOCTh 3a CUET
NPAMEHCHUS HAHOYACTUII B Ka4yeCTBE YINPOYHAIOMMX M 32 CYET HEPABHOMEPHOCTH
pacnipe/ielieHusi HAHOYACTHIl 10 BCEMy OOBEMy MaTpHIBI; BMECTe C TeEM  arjoMepaiys
HaHOYACTHI[ B IIPOIECCE CHHTE3a (M3-3a PA3HOCTH YIJIOB CMA4YMBaHHA) HE IO3BONSET JOCTHYD
MOTCHIHAILHO BHICOKHX 3HAYEHUH MEXaHMYECKOH MPOYHOCTH.

3asBiieHHOE HM300peTeHHE CBOOOIHO OT YKa3aHHBIX HEJOCTATKOB 3a CYET YCTPAaHEHHs
IPEANIOCBUIOK K MPOTEKAaHHIO Ipolecca arioMepaiud (Ipd MNepeMeUIMBaHHM YaCTHIL
IUCTIEPCHON (a3bl ¢ HAHECEHHBIM CIIOEM METalla C JONOJHHTEIbHBIMA YaCTHIAMH MATPHILBI
JJI PeryJIMpOBaHUs COOTHOILICHHS MeTajia U JAUCTepcHOr dasbl (06.%) ) B cuity Toro ¢akra,
YTO COIPHKACAIOTCS IIOBEPXHOCTH TBEPABIX YaCTHI[ OJHOTO XHMHYECKOTO COCTABA.

TexnuyeckuMm pesynbTaToM HM300pETEHHs SBIAETCS MOBBILEHHE I[IPOYHOCTHBIX
XApakTepUCTUK M KapOIPOYHOCTH KOMIIO3MIIHOHHOTO MaTepHalia Ha OCHOBE JKejesa,
CoZepIKaIlero B KaYeCTBE JUCIEPCHOH (ha3bl KapOug THTaHA U KapOu| KpEMHMSI.

B ocHOBY pellleHHMs TeXHHYeCKOH 3amaud 3asBIEHHOTO H30GPETEHHs MOJIOXKEHO
HECTAaHIAPTHOE PEIICHHE, B KOTOPOM HCXOIHBIM OOBEKTOM JJISi CHHTE3a KOMIIO3HMIIMOHHOTO
MarepHaga Ha OCHOBE METANIMYECKOH MaTpHUIBl (OKeNe30) M HaHOPa3MEPHBIX YIPOYHSIOIMX
YaCTHI[ BBICTYNAIOT HAHOYACTHIBI AMCIEpCHOM (asbl (xkapbun TuTaHa, KapOHJ KPEMHHs) CO
CTaHIApTHBIMH pa3MepaMH S5— 50 HM. Marpunma (kene30) CHHTE3MpYETCs XHMHYECKIM
Croco60M Ha NOBEPXHOCTH HAHOYACTHLl KapOuga THTaHA WM KapOuaa KpeMHHS U Jaiee
OCYIIECTBIIIIOT KOMIIAKTHPOBAaHHE, NPUYEM KOMIIAKTHUPOBAHHE OCYIIECTBISIOT XOJIOJHOM,
TCIUION MM ropsded oOpaboTKON [JaBICHHEM, CIIEKAHHEM HJIM HMX KOMOMHaIusAMH. Takoi
MOJAX0A MO3BOJIAET IIONY4aTh CTIPYKTYpPY KOMIIO3HMIIMOHHOTO MaTepHana, IjJe B o00beMe
METAUTHYECKOH (KENE3HOM) MaTPHIBI pABHOMEPHO pacupeaensmchk Harodactuis! TiC wim SiC
6e3 ux Koarysituy (YKpyIHEHHS).

VYKa3aHHBIA TEXHHYECKUH DPE3yNBTAT JOCTHUraeTCs TEM, YTO B CIIOCOOE HM3rOTOBIECHHS
KOMIIO3UTAa C METAUIHYECKOM MAaTpHUIleii M HAHOpa3MEPHHIMH YNPOYHSIOMIMMH YaCTHIIAMH,
obnajaromero HeOOXOAMMBIMH MEXaHHYECKUMHM CBOMCTBAMH M KAapONPOYHOCTBHIO, B
COOTBETCTBHH C 3asBJICHHBIM H300peTeHHEM, NPOBOMAT CIEAYIOUME CTaaAud ([1d Clydas
TIOJIyYCHHs B KAYECTBE METAJUINIECKOM MaTPHIBI XKeje3a):

1. MpoBOZAT MOATOTOBKY HOBEPXHOCTH CTaHAAPTHBIX YacTHI[ KapOWAa TWTaHa M Kapbuaa
KpEMHHs XHMHYECKMM METOJIOM, pasMmep dactun  S5— 50 BM (Hauboyiee JOCTYITHBIM

npousBoauTeNsb pupma Sigma-Aldrich), HaBecka 1r. OGpasel] BBICYMIHBAIOT IPH TEMIEPATYpE
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200°C, nanee HaBecKky oOpaslia IOMEINAIOT B KBapLEBHIH peakTop W oOpabaThiBaloT mapamu
Tpexxiuopuctoro xeneza ( FeCl;) B Toke cyxoro uHepTHOro rasza ( aprosa) B reueHud 30 MUH.,
3aTeM MpeKpamialoT Mojady mapoB XJIOpHIa, Jaiee obpaser; oO0pabaThiBalOT mapaMu BOJBI (
H,0) B Toke cyxoro uHepTHOro rasa ( aprosa) B TeueHun 30 MuH, 3aTeM oOpa3ell BBICYIIUBAIOT
B HOTOKE HHEPTHOIO ra3a npH Temnepatype 200°C.

2. mpoBoAAT 006paboTKy MOJydeHHOro oOpasila COBMECTHOM mojaueil mapaMu TPEXXJIOPHUCTOrO
xenesa ( FeCl3;) u mapamu Bogst (H,0) B Toke cyxoro uHepTHOro rasa ( aprona) B teueHuu 30
MHH, 3aTeM o0pasel BBHICYIIMBAIOT B IOTOKE HHEPTHOTO ra3a npu temmneparype 200°C.

3. mpoBoaaT o6paboTky obpasua B BocctaHoBuTenabHOU cpene (Hp) mpu temmeparypax 250-
700°C B Teuenuu 30 MUH 710 H3MEHEHUS IIBETA, 3AKIIOYMTENBHON cTaauel Bisercs obpadoTka
obpasna B BoccTaHoBUTENbHOM cpene (Hy) mpu komMHaTHO# Temmeparype B TedeHHH 30 MHH.

4. IpoBOAAT CMEIICHHE HAHOYACTHUI KapOU/a C MOKPHITHEM METAUTHYECKOTO XKeJie3a o mi. 1 -3
C NOPOIIKOM YacTHI xeje3a pasmepoM 60 - 80 M, npeacrasisomux coboit ¢aszy a-Fe Ha.
Xeneso mnomydeHo 1O MeTogMKe 30iib- renb cHHTe3a FeOOH wu  mociemyrommm
BOCCTaHOBIJIEHHEM IIpu Temmepartype 400°C.

CMmemenne (MexaHW4ecKas AaKTHBAllMA) IOpOIIKA NPOBOAWIN B MHKPO-MEIBHHIIA
PULVERISETTE 7 npemuym nuaus. CMelIHBaeMble MMOPOLIKH IOMEINANIH B OaHKH H3
HepxaBeromerd crand  eMkocTeio 80 M, coxaepxkamye H3MeNbYalOliHe INAPHKH U3
HepKaBeromel ctay auameTpoM 10 MM (oTHoIIeHHE mapuka K nopowky = 10: 1).

JUis perymupoBaHue OOBEMHOH MHOJIH YINPOYHSIONMX HAHOYACTHI] H HAHOYACTHII
METAIMYECKOH MATPHUIBl NPOBOJUIM IEepeMENIMBaHHE  YacTHI[ JUCIIEPCHOM ¢ha3bl ¢
HAaHECEHHBIM CJIOEM MeTaula C JONOJAHHUTENbHBIMH HAHOYACTULAMH MAaTpPHI(BI UL
PEryIMpPOBaHUs COOTHOIIECHUS METAJlIa B JUCHIEpCHOH (a3bl (00.%) mpu 500 06 / MuH B TeUeHHE
180 mMuH.

5. mpOBOJAT YIUIOTHEHUE OOPa3IOB XOJNOAHBIM HMpeccoBanueM mox nasienreM 800 MIla, 3atem
o6pasnel HarpeBaauch B mpecc-popme 10 480 °C ¢ OKOHYATENBHBIM TOPSYHM IIPECCOBAHHEM
600 MI]a. IInOTHOCTH CHIEYEHHBIX 00PA3LOB ONPEACIUTH THAPOCTATHYECKUM B3BEIIMBAHUEM.

B pesyibTaTe npeAnoKeHHBIX TEXHUYECKUX ONEpalyii MOTydaeTcsi KOMIIO3UIIMOHHBIA MaTepHal
C NOBBIIICHHBIMU IPOYHOCTHBIMH XapaKTEPUCTHKAMH H JKapONPOYHOCTHIO.

Ha @ur. 1 npuBeneHs! CTpyKTypHbIE H3MEHEHHS KOMITO3HIIHOHHOTO MaTepHaa IpH €ro
U3TrOTOBJICHHUH.

Ha @ur.1. npesacraBneHa cxeMa CTPYKTYPHBIX H3MEHEHMI NPH H3TOTOBJIEHHH 00pasia
KOMIIO3HLIIMOHHOTO MaTepuala Ha METaUIMYecKOd OCHOBE C IUCIEpPCHOM (a3oii Ha OCHOBE
KapOHuaoB, rae:

1— ucxoanslit nopomok aucnepcHoi ¢assr (SiC, TiC ),



2— T[OKphITHE JUCHEpPCHOH (a3bl CI0EM METALTHYECKOTO xKenesza (306paxceHo
COCTOSHHME YacTHIl B CEpelHHE Ipolecca OCaXKICHHs jkele3a Ha YaCTHIBI MOpOIIKa, KOorja
HOKpBITHE 00pa30BaJIoCh HE Ha BCEX YaCTHIIAX,

3— oTobpaxaer mpouecc npeccoBanms, xorga uyactunsl TiC-Fe’ maummaror cGmmxatbcs B
HaIpaBICHUH JIPYT K APYTY,

4 — ¢parMeHT CIPecCOBAHHOTO KOMIIO3HUIIMOHHOTO MaTepHala Ha METAIMYECKOH OCHOBE
(Fe% ¢ mucniepcHo# ¢azoii Ha OCHOBE KapOUAOB (TIPE/ICTABIEHBI B BUJIE YEPHBIX KPYXXKOB).

Ilpu npeccoBaHuM YacTHLl JUCTIEPCHOH (a3bl ¢ HAHECEHHBIM CII0EM MeTallla (TiC+Fe0
WA SiC+Fe0) C JONOJHHUTEIBHBIMH HAHOYACTHIAMH MeTaula MAaTpHUIIbI (Feo) JULS
pETYIMpPOBaHHS COOTHOLUEHMs MeTajUla M JUCHEPCHOH (a3bl IOTydanach CTPYKTypa
MaTepuaiia, rie B 00beMe METAUIHYECKOH (JKkene3HOH) MaTpHIIbl paclpeaessiiuch HAaHOYACTHLIBI
TiC unu SiC 6e3 ux Koarynsauuy (yKpymHCHHS).

3agBieHHOEe H300peTeHHe OBUIO ampoOHPOBaHO B J1AOOPATOPHBIX YCIOBHAX CaHKT-
IerepOyprckoro rocy1apcTBEHHOTO YHHBEPCHTETA Ha XAMUYIECKOM (paKyIbTeTe.

PesynbraTel  NpOBENEHHBIX  HMCCICNOBaHHN,  MOATBEPKAAIOMIAX  JOCTH)KCHHE
TEXHUYECKOr0 pe3yJibTara, MPHBEACHB! B KOHKPETHBIX IPHUMEpAX pead3alH 3asBICHHOTO
n3obpereHus. Huke moscHAETCS CYyIIHOCTh 3asfBJIEHHOrO HM300pPETEHHS M HILTIOCTPHPYIOIIHE
IpUMeEpPHI anpodaru.
pumep 1.

[Tonyyenne KOMIO3MLIMOHHOIO MaTepHala Ha OCHOBE METAJUIHHECKOM (KEJIE3HOH) MAaTpHIBI U
mucrepcHoii ¢assl SiC.

Ha nepeoii cmaouu npoBoauTCs NMOATOTOBKA MOBEPXHOCTH CTAaHAAPTHBIX HAHOYACTHIL
KapOuja KpeMHHS XMMHYECKHM METOAOM, pa3Mep yactun S5— 50 umM, HaBecka 1r. OGpaserr
BBICYIIUBAIOT Ipu TeMmmeparype 200°C, nanee HaBecky oOpa3slia MOMEINAIOT B KBapLEBBIi
peakTop HU obpabaThIBaroT napaMu Tpexxynopuctoro xenesza ( FeCls) B Toke cyxoro HHEpTHOro
raza ( aprosa) B TeyeHur 10 MHH., 3aTeM IpeKpallaoT oAady MapoB XJIOPH/a, Aajee obpasern
obpabareBatorT napamu Boasl ( H;O) B Toke cyxoro mHepTHOro rasa ( aprona) B teueHun 10
MHH, 3aTeM 00pa3ell BBICYIIHBAIOT B IOTOKE HHEPTHOIO Tra3a npH temneparype 200°C B TeueHHH
30 muH.

B pesynprare TakoH NOATOTOBKH Ha IOBEPXHOCTH KapOujaa XKpeMHHS oOpasyercs
MOHOCTIOH JKENEI0KUCTIOPOHBIX TPYIIIL.

Ha emopoti cmaouu npoBoast 06paboTky nosiayueHHoro obpasna MerogoM CVD myrem
COBMECTHOM 110/lau mapoB Tpexxjopuctoro xene3a ( FeCl;) u mapo Boxer (H,O) B TOKE
CYXOro MHEpPTHOro rasa ( aprosHa) B TeueHuHu 15 MuH, 3aTeM o0pasel] BBICYIIMBAIOT B IIOTOKE

HMHEPTHOTO ra3a npu remieparype 200°C B reuenuun 30 MuH.
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B pesynpTare BTOpO#l cCTaguM Ha MOBEPXHOCTH KapOuiga KpeMHHS obpazyercs
HAHOCIION KeJIe30KHCIOPOJHBIX Ipyni. ToNIMHA HAHOCTOS 3aBHCUT OT BpeMeHH 00paboTKu
o6pasna meronom CVD. [Ipu Bpemenu 06paboTku 15 MHH TONMIIIMHA CIIOS XKENIE30KUCIOPOIHBIX
TPYII COCTaBJIAET 0KOJIO 50 HM.

Ha mpempveii cmaouu npoBoaar obpaboTky oOpasiia B BoccraHOBUTENBHOH cpeae (Ha)
npu Temneparypax S50°C B teuenuu 30 muH, o6paboTka obpasnia B BOCCTaHOBUTENBHOU cpesie
(H,) npu xoMHaTHOH Temmeparype B TedeHHH 30 MMH.

B pesynprare TpeThell cTanuu Ha IOBEPXHOCTH KapOuja KpeMHHs 00pa3yeTcs HaHOCIIOM
U3 HAHOUCTHULl METATHYECKOTO XKeJe3a.

Ha uemeepmoii cmaouu cvemenne HaHOYACTHUI KapOuJa ¢ MOKPHITHEM METAJUIMYECKUM
XKEJIe30M II0 BHILETPUBEACHHBIM 1-3 cTamusaM ¢ IOPOIIKOM YacTHUIl xeie3a pasmepom 60 - 80
HM, IpeAcTaBomuxX coboit ¢asy a-Fe. Xenezo nosydeHo no MeToauKe 30Jb- Iellb CHHTE3a
FeOOH u nmocneayromum BoccTaHoBlIeHHEM Ipu  Temueparype 400°C.

CMmemenne (MexaHHYeCKas aKTHBALKA) MOPOMIKA NPOBOAWIN B MHKPO-MEJIBHUIIA
PULVERISETTE 7 npemuym mmeus. CMemuBaeMble NOPOLIKH IOMEIIAIX B OaHKH H3
HEpXaBeloeH cTamu  eMKocThio 80 Mi, cozepxamiue H3MeNbyarolmye IApUKd U3
HepKaBewoule crasm guamerpoM 10 MM (oTHOmeHHWe mapuka K mopomky = 10: 1). Hus
perynupoBaHue OOBEMHOH JIONH YINPOUYHSIONIMX HAHOYACTHI[ M HAHOYACTHI[ METALIHYECKON
MaTpHIbl NPOBOAMIM IIEPEMEINMBAHHE YACTHI[ JUCHEPCHOM ()a3bl ¢ HAHECEHHBIM CIIOEM
MeTalia ¢ JOMOJIHUTEIbHBIMH HAaHOYACTHLAMH MATPUIBI JUIS PETYJIMPOBAHUSA COOTHOIICHHS
MeTajuia U aucnepcHoi ¢asel (00.%) npu 500 06 / muH B TeyeHue 180 MuH.

Ha namoii cmaouu o6pasusl ymIoOTHSAIMCE XOJNIOJHBIM IPECCOBAHMEM I10]] JaBJIEHHEM
800 MlIla, a 3areM HarpeBasuch npecc-¢popMmoii 10 480 °C ¢ OKOHYATEIHHBIM TOPAYHM
npeccoBanneMm 600 MIla.

JUIs TMarHoCTHKY NOJNTYyYeHHBIX 00pa3iloB UCIOIB30BAJICS P AHATHTHYECKHNX METOMIOB.
HccnenoBaHue reoMETpUM KaHAJOB IIONYYEHHBIX ME3OMOPHCTHIX ME30CTPYKTYPHPOBAHHBIX
MaTEPHAIOB OCYIIECTBIANIOCH IIPH IOMOIIM MaJIOYTJIOBOM PEHTI€HOBCKOM Audpakuuu. JlaHHBIH
METOJ| TO3BOJIMII ONPENEIUTh MEXIIOCKOCTHBIE PACCTOSHUSA MEXIY CIOSMH TeKCaroHaJIbHO
ylnakoBaHHBIX Imop. OmpeneneHHe BECOBOM JONH Jkelme3a B o0pasile MPOM3BOAMIOCH
doToMeTpHell pacTBOpa IOJYYEHHOTO KHISYCHWEM ATMKBOTHI 00pasia BOAHBEIM PacTBOPOM
coNsHOM KucnoThl. OnpeneneHue KOIMYECTBA XKelle3a, COAEPIKAIIErocs B KEIEIOKHCIOPOIHBIX
HAHOCJIOAX, HAHOCUBIIMXCS HAa Ha IIOBEPXHOCTH KapOWga KpEeMHHUA, ONpeAesIoch
doTtomeTpruyecku. OnpeneneHHe XUMHIECKOTO COCTOSIHASI METAJUTHYECKOTO JXKejie3a B o0pasie
OIPEEIUIOCh METOAOM MEccOay3pOBCKOH CHEKTPOCKONMUH. [IMOTHOCTH CIEYEeHHBIX 00pa3loB

OIIPENEIININ THAPOCTATHYECCKHM B3BCIIMBAHHUCM. WUcnertanns Ha u3rud OpoOBOAWJINCL B
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coorBeTcTBME ¢ ['OCT 14019-80 " meraiisl u cmaBel. MeTogsl MCHBITAHHS Ha H3rHO."
Crpoenrie um MOP(OIOrHIO NOPOIIKOBBIX MAaTEPHATOB H3yYald C MOMOLIBIO CKAHHPYIOMIEH
anekTpoHHOM MuKpockonuu (TESCAN Mira-3M). Mertawiorpadpuyeckae HCCIeA0BaHHS
NPOBOMIIUCH Ha onTH4yecKoM Mukpockone (Kapn- Lledc). IInoTHOCTH cnedeHHBIX 00pasiioB

OIIpEeACIIsIA THAPOCTATHYCCKHUM B3BCIIIMBAHHUEM.

Ipumep 2.

WnmocTpupyeT BO3MOXHOCTH HAIPAaBIEHHO pEryJMpOBaTh COOTHOIIEHHs (Bec.%)
MeTalia ¥ aucrepcHoit ¢assr TiC.

I 000CcHOBaHMS BO3MOXXHOCTH HANIPaBJICHHO PETYIMPOBaTh COOTHOIICHHA (Bec.%)
MeTala ¥ JMCHEPCHOH (a3pl OBUIM CHHTE3HpPOBaHBI OOpaslbl MOPOIIKA KapOHAa THTaHA C
Pa3sIMYHBIM  KOJIMYECTBOM HAHECEHHOTO Ha IIOBEPXHOCTh KapOWJa THUTaHa CJIOEB
MeTaJUTHYeCKOoro xkeje3a. CHHTE3 POBOJUIICS [0 METOIUKE ONMHCAHHOMU B mpuMmepe 1. Otanune
3aKIOYANOCh B cTanmuM 4. Ha 3To cTagum — cMemeHWe HAaHOYACTHI[ KapOWaa THTaHa ¢
TOKPBITHEM METAJUIMYECKHM JKEJIE30M, CHHTE3HPOBaHHBIM MO NyHKTaM | -3 ¢ MmOpOIIKOM
qacTuiy xenesa pasmMepom 60 - 80 HM 1 npeacTaBnsromEx co6oit pasy a-Fe.

ConepxaHne THTaH-YIIEPOJHBIX Ipynn B o0pasile ONMpenensIoch MO CONEPKAHHMIO THTAHA.
AHaJIU3 METAJUIMIECKOTO HKeNie3a IPOBOAMIN XMMHIECKAM METOZOM. JaHHBIE IO XMMHYECKOMY
cocTaBy 00pa3slioB KOMIIO3HIMOHHOTO MaTepuaia Ha OCHOBE IKENle3a ¢ JUCIepcHOR (azoit

IIpUBe/IeHbI B Tabaue 1.

Tabmuna 1
Ne CocraB cmecu Cocras o6pasia,
obpasma L Bec. %
TiC Fe’

1 1 20 4,8% TiC + 95,2 %Fe

2 1 15 6,2% TiC + 93,8 %Fe

3 1 10 9% TiC + 91%Fe

4 1 4 20% TiC + 80 %Fe

Ha ®wr. 2 mnpencrasieH peHTTeHO(a30BBIH aHaIN3 00pasla AMCIEPCHOTO Xejle3a C

THTaH- KapOMJHBIME HAHOCTPYKTYPaMH IIOCIIE MPOBEJECHHS BCEX CTaAMil M NPOKATMBAHH IIPH
1100°C.
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W3 nanHbIx peHTreHodazoBoro anammsa (®wur.2) cieayer, YTO Ha MOBEPXHOCTH YaCTHIL
KapOuja THTaHa IIOC/IE HAHECEHHS CIIOEB XKeje3a, CMEHIMBAHHH MX C YAaCTHI[AMH Xejle3a U
npokayuBanusg Inpu Temmeparype 1100°C B TeueHme 5 wuacoB oOpasyercs Marepual,

coJiepXallui METAUIMYECKYIO MaTpUIy B HaHOCTPYKTYpHI TiC.

Ipumep 3.

WnmocTtpupyeT  BO3MOXHOCTH ~ PETYJIMpOBaTh  MEXaHHMYECKHE  CBOMCTBA H
’KapOIPOYHOCTh, CHHTEC3MPOBAHHBIX KOMIIO3MIIHOHHBIX MATE€PHAJIOB HAa OCHOBE JKeje3a C
mucnepcHo# daszoit TiC. Onpenenenue npenena NPOYHOCTH (BPEMEHHOE COMIPOTHBIICHHE) Gy,
JUis HWcclenoBaHHMs MEXaHHYECKOH MPOYHOCTH IONYYEHHBIX OOpa3loB METAIHYECKOTO
KOMIIO3MIIMOHHOIO0 MaTepHajla Ha OCHOBE Kejie3a HaHOCTPYKTYPHUPOBAHHOTO YIIPOUHSIOIIAMH
KapOuubMH dactunamu (TiC ) ompe- mensiiy npenen NpoYHOCTH (BPEMEHHOE CONMPOTHUBIICHUE
Oy ) IPH KOMHATHOH TeMmmeparype Ha pa3pbiBHOM MammHe AG — S50KNXD (SAnouus) B
PECYPCHOM IIEHTPE HHHOBAILMOHHBIX TEXHOJIOTHH KOMMNO3MIMOHHBIX MatepuanoB CIIOI'Y.
INorpemnocTs onpeneneHus npeaeia IpoYHOCTH coCTaBseT +8 %.

JlaHHBIE 110 HCCIIEIOBAHUIO MEXaHUYECKUX CBOMCTB, CHHTE3UPOBAHHBIX KOMITO3HIIHOHHBIX
MaTepHajioB Ha OCHOBE xkelne3a ¢ aucnepcHoi ¢azoi TiC mpencraeinensl B Tabmuue 2. s
CpaBHEHMs B TalbiMIe TaKKe MPUBEJCHBI MEXaHWYECKHE CBOMCTBA JYYIIMX COPTOB CTAIH IIO
ConnneBy [11]. W3 Tabmumel criemyer, 49TO MeEXaHHYECKHE CBOMWCTBA IMOJYYEHHBIX
KOMIIO3MIIMOHHBIX MaTepHAJIOB Ha OCHOBE enesa c¢ mucnepcHoil ¢azoit TiC cpaBHHUMBI co
CBOMCTBaMU JIy4IIHX COPTOB CTalIM, KOTOPHIE COAEPXKAT MHOTO JAOPOrOCTOSINUX JICTHPYIOIIHX
700aBOK H CTOMMOCTH 3THX CTaJleif HAMHOTO BBIIIIE CTOMMOCTH PaCCMATPUBAEMBIX MATEPHAJIOB.
Cnexyer y4dThIBaTh, YTO IOJy9YaeMble MaTepHaibl, OYEBUHO, MOTYT HMETh 0OJiee BHICOKHE
MEXaHUYECKHE CBOMCTBA, €C/IM YYeCTh, YTO JUIS HHX XapaKTepHa OCTAaTOYHAs BHYTPCHHSISA
NopUcTOCTHIO (5%)).

JlaHHBIE 110 MCCIENOBAaHUIO JKAPONPOYHOCTH, CHHTE3HPOBAHHBIX  KOMIIO3MIHOHHBIX
MaTepHajioB Ha OCHOBE jkeye3a ¢ gucnepcHod ¢aszoit TiC mpeacraBnenbl B Tabmmme 3.
W3MmepeHrs xapolIpOYHOCTH NPOBOAWIM TaKkKe Ha paspeiBHOM Mammue AG — SOKNXD
(SInonwms), B pabodyeM NPOCTPAHCTBE KOTOPOH OBUIO YCTAaHOBICHO HArPEBATEIBLHOE YCTPOMCTBO
C JOIIOJIHMTENBHEIME YCTPOHCTBAMH i KpeIUieHus: 00pa3ioB. BeUTH NIpoBeICHBI HCCIICIOBAHHUA
no CTabWibHOM SKcImyaTanuu obpasoB mpd  800°C. O6pasusl NPOKAIMBATMCE IIPH
temneparype 800 °C B Teuenun 10 yacos npu Harpy3ke 100MIla. 3ateM cHOBa NMPOBOJUIOCH

ONIPCACIICHUE MIpeaciia IIPOYHOCTH.



Tabnuna 2
Ne o6pasna CocTtaB xomMno3uTa IIpenen npounoctu
(BpeMeHHOE
COTIPOTHRBJICHHE) Gy,
MPa
[IpuroroBieHHbIE 06pa3IBI
1 100% Fe, uncroe xenee3o 183
2 95, 2% Fe + 4,8% TiC 800
3 93,8% Fe +6,2%TiC 1130
4 91% Fe + 9 % TiC 1370
5 80% Fe+ 20 % TiC 1460
JlutreparypHsle nannsie [ 11 ]
7 Cranp AC 14XTH 1120
8 Cranp 50XT 1300
9 Cranmps 12X2H4A 1130
Tabnuna 3
Ne Cocras xomnosura |Temmeparypa XKaponpouynocTs
o6pasna TIporpeBa 6°%, 00, MPa
o6pasios, °C
IlpuroroBneHHsle 06pasibI
1 95, 2% Fe +4,8% |800 105
TiC
2 93,8% Fe 800 150
+6,2%TiC
3 91% Fe + 9 % TiC {800 190
4 80% Fe+ 20 % TiC {800 170
5 Crans 50XT° 800 0

Bout mpoBeNEHE! MCCIENOBAHAS MEXaHHYECKUX XapaKTEPHCTHK MOTy4EHHBIX 0OpasHoB
MCTaUIMIECKOT0 KOMIIO3UIIMOHHOTO MaTrepyajla Ha OCHOBE JKeJie3a, B TOM YHCJIE, IIPH BHICOKHX
Temeparypax. Ilony4ensl MaTepuanbl ¢ BRICOKHM IpPEJEioM MpOYHOCTH (G, MPa) — 1370 -
1460; o6manaromiye XopoIeif JXaponpoYHOCTEIO (0800100, MPa)- 190.

Taxum 06pasomM, pe3ynbTaThl IPOBEAEHHBIX MHOTOYHCIECHHBIX HCCIIEIOBAHMIN, TO3BOJISOT
CUMTaTh, YTO CO3/IaHHE METAJLIMYECKOro (Ha OCHOBE XKeje3a) KOMIIO3HLHMOHHOTO Marepuala,
CTPYKTYPHPOBaHHOTO HAHOCTPYKTYpaMH KapOHJa THTaHa C 3TOT CIOJB30BAaHHEM IIpoIecca
IIOBEPXHOCTHOT'O CTPYKTYPHUPOBAHHS II03BOJIAET OTYYUTh KOMOO3UIMOHHOTO MaTepHaa, Ijie B
00beMe METATMYECKOH (3KeNe3HOM) MaTpUIlBl PABHOMEPHO paclpeAesuuch HaHodacTHUsl TiC

win SiC 6e3 uX KoaryJsanuy (YKpyIHEHHS), YTO O3BOJISET CUMTATh, YTO STOT METO/| HONyYeHHUs
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ABJISETCS TEPCIEKTHBHBIM  HANMpaBJICHHEM MOJIYYeHUS KOMIIO3UIMOHHBIX METATHYESCKUX
MaTE€pPHUaJIOB HOBOTO IIOKOJICHHS.

Kak nokasplBajoT pe3yNbTaThl MCCICJOBAHHS, 3aiBIE€HHBIM CHOCO0 MONydYCHHS
KOMIIO3HIIMOHHOTO MaTepHajla Ha OCHOBE METALIMYECKONW MATPUIBI O3BOJIIET C YUETOM €ro
TIOBBIIIEHHBIX MPOYHOCTHBIX XapaKTEPHCTHK U XKapOIMPOYHOCTHIO, IIUPOKO HUCIIONIB30BATh TaKO#H
KOMIIO3HUIIMOHHBIA MaTepHall B MAIIHHOCTPOEHHMHU, B TOM YHCJIC JUIS M3TOTOBJICHUS HJIEMEHTOB U
y3JI0B Ta30TypOHMHHBIX JBHTaTelell aBHAIlHOHHO-KOCMHYECKOM TEXHHMKH, TEIUIOHArpyXEeHHbBIX
y3JIOB W JeTaieil TepCHeKTHBHBIX TIa30TypOMHHBIX YCTAHOBOK U JBHrarelnedl raso-,
He(TenepeKaunBalOIMX, TPAHCIOPTHBIX M OJHEPreTHUECKHX CHCTEM, a TaKKe PEXYIIEro

HHCTPYMEHTA B METAUI000pabaThIBAOLIEH IPOMBIIUIEHHOCTH.
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Mertannyprus, 1986. 208 c.

2. KoMIo3unuoHHbIE MaTepHalbl: CTpOSHHE, MONIydeHue, npumeHenue, bataeB A.A., baraes
B.A., u3n. Jloroc, 2006 r., 398 crp.

3. marent Ru 2246379 ot 25.02.2004

4. mareat Ru 2392090 or 16.09.2008

5. marent RU 2485196 ot 30.03.2012
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7. mareHt RU 2246379 ot 25.02.2004

8. marenT RU 2263089 ot 25.02.2004
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Cnoco6 mosryueHHsi METANIMYECKOI0 KOMIIO3HIIHOHHOI0 MAaTepHaja
¢ qucnepcHoii ¢pa3zoii Ha ocHOBe KapOuaa

®opmyna uzobperenus

Cnoco0 HONydYeHHS METAUIMYECKOr0 KOMIIO3HIIMOHHOTO Marepuaja C JUCIEPCHOM
¢a3oii Ha 0CHOBE KapOu/a, 3aKTIOYAIOIHUHCS B IPUTOTOBICHHH CMECH TIOPOUIKA U3 MATPUIHOTO
MeTala ¢ KepaMHYeCKAMH HAHOPa3MEpHBIMH YacTHIIAMH, IIONYyYEHHYIO CMECH IOJBEPraloT
IIPECCOBAHMIO, IIOCJIE YEro €€ CIIEKAIOT IOJ JABICHHEM, OMIUYAIOWUIICA meM, Yo Tiepe
MIPUTOTOBJICHUEM  CMECH IOpOIKa ¢3 MAaTPHYHOIO MeTalla ¢ KEepaMHYECKMMH
HAHOPa3MEPHBIMHM YaCTHIIAMH, B KayecTBEe KOTOPBIX OepyT CTaHAApTHBIE YaCTHIBI KapOuiaa
W/WIA TATaHa W KapOuga KpeMHHs ¢ pasMepoM dacTun S5— 50 HM, OpPOBOIAT MOATOTOBKY
MIOBEPXHOCTH KEPAMHUYECKHX HAaHOPA3MEPHBIX YaCTHII IapaMHu Tpexxiopuctoro xkenesa ( FeCl3)
B TOKE CyXOro HHepTHOro rasa ( aprona) mpu Ttemmeparype 200°C B Tedenue 30 MUHYT, 3aTeM
npoBomAT  oOpabotky mapamu Bojabl ( H»O) B TOke CyXOro MHEpTHOro rasa, IIOCJI€ YeEro
IPOBOAAT OJHOBPEMEHHYIO HX 00paboTKy mapoB Tpexxyuopucroro xkeinesa ( FeCl;) m mapos
Bomsl (HoO) B TOKe Cyxoro HHEPTHOTO rasa, C MHOCIeAyomed ux o0paboTkoit B
BoccTaHoBuTenbHO#U cpene (H,) mpu temmepatrype 250-700°C B teueHue 30 MUHYT, a 3aTeM,
Ipd  KOMHAaTHOMU Temneparype B TeueHHe 30 MHHYT, MOJy4YEeHHBIE IIOCIE 3TOr0 C
METAJUIMYECKUM IOKPHITHEM KEpaMUYeCKHe HaHOPa3MEPHBIC YaCTHI[BI CMEUIMBAIOT C MIOPOIIKOM
u3 guctoro xenesa a-Fe pazmepom 60 - 80 HM, U IPOBOAAT UX IIPECCOBAHUE IOJ AABICHHEM
800 MIIa, mocnme 4ero ocCymecTBIAIOT HMX HarpeBaHue B mnpecc-popme no 480°C c

MOCJIeAYIOIMIMM OKOHYATEIbHBIM ropsiauM npeccoBanueM 600 MITa.
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