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Beryn

Cucrema Fe-Ti mpuBeprae yBary JIOCHIJHHKIB, B
Nepiry 4epry, MOXKJIMBICTIO (OpMyBaHHS CTPYKTypu
CIEYEHHX CTaJeil 3 MiIBUIIEHUMH XapaKTePUCTUKAMH, 32
paxyHOK YTBOPEHHs B HUX TBEPIAMX PO3YMHIB, IO HE
BIAETHCS 3a0€3MEYUTH LUISIXOM X CIUIaBIsiHHS. Bupobu
3 TOPOIIKIB HE TMOCTYMAIOThCS 33 MEXaHIYHUMH Ta
XIMIYHAUMH ~BJIACTHBOCTSMH JIMTHM aHajoram, a B
OaraTbOX BHUIAJKax ix mepeBepurytoTb. KpiMm Toro,
BHPOOH TOPOIITKOBOI METaNyprii € OuIbII E€KOHOMIYHO
BUTIIHUMH. Iloganmpmmii  pO3BUTOK  MOPOILKOBOI
METayprii 3aJeXUTh Bil pO3POOOK Ta BIPOBAIKCHHS
HOBHX TEXHOJOTiH (hopMyBaHHS BUPOOIB 1 TX CIIKaHHS.
Tak, 1iKaBUM € JOCHI[PKEHHS BIUIMBY LUKJIIYHOCTI
pexXHUMIB crikaHHs Ha (OpPMYBaHHS CTPYKTYpH Ta
(da3oBoro ckiiagy BHpPOOY i3 MOPOIIKIB METAJiB, SKUM
NpUTaMaHHi TPUPOJHI  MOJIMOPGHI  MEPETBOPEHHSI.
BignoBinHo B wii poOoTi mignaBajach JOCIHIIKEHHIO
MOPOIIKOBA CHCTEMa 3aJ1i30-THTaH.

I. Ilpuaagm i maTepiann

OO0’eKTOM  JOCHIDKEHHS ~ CIYXKHJIM  MOPOIIKU
MeTaJiqYHoro 3aiiza i TuTaHy. CHiKaHHS TPOBOAWIN
METO/IOM TBep10(a30BOT0 CHHTE3Y i3 ITOPOIIKIB JPiIOHUX
(<5wMkM) Qpakuidi. MexaHIUHy CyMIll IOpOIIKIB, Yy
MacoBOMY CHiBBiHOWIEHH] 1:1, mpecyBamu mpu pi3sHUX
HaBaHTaXeHH:X. CIIKaHHS NPOBOIMIN Y IBOX PEXUMaX:
i30TepMiuHOI  BUTPUMKH  Ta  TEPMOIUKIYBaHHS.
[30TepMiuHy BHUTPHMKY MPOBOIWIM TpPH TeMIEpaTypi
1150°C, o BiAmoBiae KJIACHYHOMY IIPABUIY CIIKaHHS
YUCTHX TOPOUIKIB YHCTHX METAJIB IMPH TeMIlepaTypi
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0,6 - 0,7 T, sIKU BU3HAHO, K HAHOLIBII ONTUMAILHHI
npotec CTOCOBHO (a3oyTBOpEHHSI. CriikaHHs
BinOyBanocs  BmpoaoBk Srox. TepMmoumkiyBaHHS
NpOBOAMIN B iHTEpBaJi Temneparyp Bix 850°C mo 950°C
NpHU pi3HIH KUIBKOCTI LUKIIB 3 OJHAKOBOIO IIBUJKICTIO
HarpiBaHHA 1  OXomomkeHHA. JlaHwmii  iHTepBan
TeMIepaTyp OyB BHOpaHMiA 3 aHawizy
TEePMOTPABIMETPUYHHX IOCHIKEHb (puc. 1). Sk BUAHO 3
pUCyHKa, caMeé B JaHOMY IHTEpBali TeMIeparyp
3HAXOIATHCS IMKA TepMOE(EKTIB, 10 BIAMOBIAAIOTH SK
NPUPOIHUM MOMIMOPGHHUM IEPETBOPCHHSAM, TaK 1
HaWOUIBI IHTEHCHBHIN B3a€MOJIi MK KOMIIOHEHTaMH.
OX0J0PKEHHS! TPOBOIMIIOCS Pa3oM 3 MIUKO0.

Jlyis  3amoOiraHHs OKHCICHHS 3pa3KiB, CIIKaHHS
BigOyBasocs B 3aKpUTOMY  KOHTEHHepi,  SKHH

T
Loy

Puc. 1. Tepmorpama mnopomikoBoi cymimn Fe-Ti,
B3ATUX Yy criBBiaHomeHHi 1:1 3a macoro. Tuck
npecyBanHs ckiaaas 0,23 I'Tla



BruuB pexxumy criikaHHs 3pa3kiB Ha CTpYKTypyi dazosuii cknan cucremu Fe-Ti
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Puc. 2. Cxema po3milieHHs 3pa3ka B KOHTeWHepi. ]
KpHUILIKa, 2 KOHTEHHEp, 3 uaByHHA CTPYIIKa, 4 3pa3Ku.

300pakeHuil Ha  puc. 2.
CIIy’KWJIa YaByHHA CTPYXKKa.

Mertanorpadidai JOCTIHKEHHS POBOIMINCS Ha
metanoMikpockori MMP-2P.  Teepaicte Mipsuin  Ha
mikporBepaomipi [IMT-3, penrrenodasoBuii aHaiiz
npooannu Ha JIPOH-3.0 y BunpowmintoBanHi A Ko-Fe.
TepmorpaBimeTpuyuHi KpHBi oJiepxKanu Ha
nepusarorpadi cucremn PAULIK.

InepTHUM  cepenoBuIEM

II. Pe3yabTaTn eKciepuMeHTIB Ta ixX
00roBOpeHHs

BBaxaeTbcs, 10 CIIKaHHS CyMIllIEH MOYUHAETHCS 3
TOr0, M0 B MDKYaCTUHKOBHX KOHTAKTaX MPOTIKAIOTh
nudysiitai npouecu. B pobori [1] 3anpornonoBano cxemy
NpoLIeCY CHIKaHHS MPECOBOK 13 TMOPOIIKIB THUTaHy 1
3aji3a, CyThb SIKOi Iojisirae B TOMy, L0 pinaka ¢asa
eBTCKTUYHOTO CKJIaAy, sKa BHHUKaE€ Ha TPaHHII
YAaCTUHOK MeTally BHACIIIOK KOHTAKTHOTO IUIABIICHHS,
Io0pe po3TiKaeThCs MO MOBEPXHI TUTaHy. Ha rpanHmIpsix
MDXK YaCTHHKAMH 3alli3a i THTaHy BHACIIIOK iHTEHCHBHOL
KOHTaKTHOI ~B3aeMOIii, IO BeIe JO YTBOPEHHA
IHTEpMETATiAiB, MPOLEC PO3TIKaHHA piakoi  dasu
raJbMy€ThCA 1 IIBUIKO NPUIUHAETHCS, Yepe3 110 pianHa
OCTaTOYHO 3aKPUCTATI30BYETHCS B iHEpMeTainHy (asy.
B pe3ynbraTi, yTBOPIOETHCS JIOKAIBHO-HEOTHOPITHHIMA
posmonin  pigkoi ($asu, TpPH SKOMY BTpada€ThCA
MOXJIMBICTB 11 JJOCTYIy A0 IHIIUX YaCTHHOK 3aiiza. [1pu
IIbOMY HE CIIOCTEPIrayioch 3aTiKaHHS PIAWHU B CTHKH
YaCTHHOK, HAIIOBHEHHS HEIO MOp 1 BIAKPUTHUX KaIllIApiB.
OTxe, CTBOPIOIOTBCS yMOBH  HECHPHATIMBI  UIS
MPOTIKaHHS OKpPEeMHUX CTaluiil pigkoda3HOTo CIikaHHS,
TaKAX SIK TIEperpymyBaHHS YaCTHHOK 1 TIPOIIECiB
pO3YMHEHHs, sIKi HEeOoOXigHi Ajsi peanizamil mpoiecy
YIIUIBHEHHsI TIpecoBOK. KpiM TOro, aHi3oTpomHuii pict
KPHUCTATIB CIOPUSIE BUHUKHCHHIO JIOKAIBHUX aedopMariii

1 CTHCKAIOYUX YH  PO3MHPAIOYMX  3ATUIIKOBUX
HaTPYKEHb.
Iopsin 3 mudysidiHUMHE TpolecaMu, BHACIIIOK

IUTAaCTHYHOI TUIMHHOCTI TBepAoi (asu B TBEpHO-piaKid
Fe-Ti  cucremi, Moxe  BimOyBaTucs  JIOKaJIbHE
YIIUIBHEHHS CTPYKTYPH. [HIIMI MeXaHi3M CHiKaHHS MpH
HasBHOCTI piAKOi ¢a3u 3alponoOHOBAHWUN aBTOpaMH
pobor:n [2]. BHacmigok IJIOKaNFHOTO PO3YWHEHHS
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KOHTAKTYIOUHX YAaCTHHOK B PO3IDIaBI 1 TUQy3iHHOTO
MacoIllepeHOCY  B3JOBXK  MpOIIApKiB  piakoi  dasu
BiZI0yBa€eThCsl akoMozalisi OpMHU TBEPAUX YACTHHOK 1 1X
B3a€MHE IIEPEMIIlleHHS, IO NPHBOJUTH OJHOYACHO 0
(hopMyBaHHS OKpPEeMHUX AUISHOK IiIBUINEHOI INIIHHOCTI
Ta YTBOPEHHIO MOP B IHIIMX JUISHKAaX, HA Micli OyBIINX
YaCTHUHOK 3ajIi3a 1 TUTaHy.

@nykryarii TyCTUHH NIPH CIIIKaHHI € CIIOHTAHHI 1 He

KOHTpOJIbOBaHi. B mpomeci  yImIIbHEHHS  BOHHU
CTa0Ui3yIOThCSI,  YTBOPIOIOYM  3apOJKH  MaiOyTHIX
MezoenemeHTiB  [3].  CyKymHICTB  ME30EIIEMEHTIB
OpU3BOAUTE 10  (OPMYBaHHS  ME30CTPYKTYpPH.

Me3oeneMeHTH MOXKHA  PO3MIIAAATH, SK  KIAacTepu
cKJIafHol OyHOBH: YIIIBHEHE «SIpO» Ta pasllylleHa
obosonka. ITogaiblire CrikaHHS CIIPHYMHSE PICT «SIACP»
3a paXxyHOK pO3IMyIIeHOl 000JOHKH. B MicIsix 000JI0HOK,
Jle KOHTAKTYIOTh «SIIpa» CYyMDKHUX ME30€JEeMEHTIB
3’ ABIAIOTRCS «aipkm». A.M. Hikonenko [3] cTBepmxkye,
10 ME30CTPYKTypa B HpOLEC] YIIUIGHEHHS HE 3HUKAE.
OpepxanHst ~ Oe3fedeKTHHX ~ MarepialliB ~ METOJIOM
MOPOIIKOBOI MeTalyprii € HEMOXJIMBHUM, OCKUIBKH
BHACINIJOK YUIIFHEHHS MaTepialy YTBOPIOIOThCA IOPH
Ta 1e(hOpMy€eThCSI KPUCTAIiuHA TPATKa.

MikpocTpykTypa 3pa3KiB  CIEYEHHX  METOJOM
TEPMOIMKITyBaHHS (pHC. 3, a) MOKa3ye, M0 BOHHU Kpare
crieueHi 3aBISKH OaraTopasoBiii nepeOy0Bi

KpuctaniuHoi rpatkd. [lopucricth 3paska Moxe OyTH
HACJIIJIKOM JBOX NPHYMH: IIOraHO CIEYECHHH 3pa3ok Ta
(hopmyBaHHS Me30CTPYKTYpH [3].

JleryBaHHsI Ta CTPYKTypa 3€peH CyTTEBO 3aJICIKHTh
Bifl iX po3mipy [4]. ¥V BenMKuX 3epHax CIIOCTEpIraroThest
00acTi, sKi He JIeroBaHI THUTAaHOM, TOJI, SK B MAallUX
3epHax JICTYBaHHS BiIOYBa€ThCA M0 BcboMy 00’ emy. [Ipu
TEPMOIIMKITyBaHHI OOJIacTi OAMHAKOBHX (a3 ApiOHI Ta
PIBHOMIpPHO po3moAiieHi mo 06’emy 3paska (puc. 3, a).
JleryBaHHsT TakuX 3epeH BIIOYBaeTbCs I0 BCHOMY
00’emy. Ilpu nocsrHeHHI KOHIEHTpalii oJHakoBHX (a3
KPUTUYHOTO 3HA4YeHHs, (OPMYIOThCSI IHTEPMETATIiIN
Fe,Ti ta FeTi, ski B moAajblIOMy MPHUBOAATH [0
(hopmyBaHHS IpiOHOT 3epEHHOT CTPYKTYpH 3 HOBHX (a3,
IO MiATBEPPKYETHCS pe3yjIbTaTaMH PEHTTEHO(Aa30BOro
aHanizy (puc.4). Ilpu i3oTepMiuHili BUTpHUMII IIIOIIA
a3y, sika GopMye CTPYKTypy CIEUEHOro Marepiaiy, €
3Ha4YHO oOmwMpHimow (puc.3.06), HDK NPH peXUMI

TepMolMKIyBaHHA. Lle  cmig  moscHUTH  OUIBII
IHTCHCHBHOIO  PYXJHBICTIO  aTOMiB B DPEXHMI
IcHyBanHa  Takux

TEPMOIMKITYBaHHS. O0ImMpPHUX

Puc. 3. MikpocTpyKTypa 3pa3KiB ClEYeHUX METOIOM
TEpMOLMKIYBaHHS (a) Ta i30TEpPMIiYHOI BUTPHUMKH
(6).YopHi obmacti Biamosinatots Ti. x200.
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Puc. 4. [Tudpakrorpamu sSKICHOTO PEHTTCHIBCHKOI'O
aHaNizy 3pas3KiB: a — TEPMOLUMKIyBaHHI, O —
130TeDMIYHE CITIKaHHSI.
obJlacTeil mepemnko/Kae JIEryBaHHIO iX M0 MIMOWHI, 10
TIPU3BOJUTE JI0 BiZICYTHOCTI iIHTEpMeTaIiIHUX (a3.

Taka pi3HHLIS B CTPYKTypi, Ha Hamly IyMKY,
MOB’s3aHa 3 THM, [OI0 TPH  TEPMOIUKIYBaHHI
IHTCHCUBHIIIE BiIOyBaeThes B3aemomia B cucreMi Fe—Ti.
Ho inreHcudikamii mpomecy cIikaHHS MPHU3BOIATH

MIPUPOIHI moriMopdHi [IEPETBOPCHHSL. IIpu
TEPMOLMKIYBaHHI 00MBa KOMIIOHEHTH 1 3a11i30, 1 TUTaH
3a3HAIOTh  Oararopa3oBux  (a3oBUX  MEpPETBOPEHb,

BHACJIIZIOK YOTO TMEPiOAMYHO BiIOYBA€eThCs mepedyaoBa
KPHUCTAJIIYHOI TPaTKU TUTaHy 3 rexcaroHainbHoi (o-Ti) y
rparenenTpoBany (B-Ti) Ta 3amiza 00’€eMHOLIEHTPOBAHOI
(o-Fe) y rpaneuenrpoBany (y-Fe) 1 naBnaku. I1pu npomy
MOMEHT NEepPETBOPEHHS CIIiJ PO3IIISIIaTh SIK KBa3ipiakui
CTAQH PEYOBUHH, KOJIHM KPUCTAJIYHOI! IPATKH HPAKTHYHO
He icHye. Lle B cBOIO Wepry crpusie akTUBHIM B3a€MOii
MiX coboro aromiB 3amiza i THTaHy. OTXxe, TPUPOIHI
noJiMopGHI TMEepeTBOPEHHs, 3a pPaxyHOK mepedyn1oBu
KpucTamigHoi  TpaTtkw, 3a0e3MmedyloTh  aKTUBHICTP
CHiKaHHA, a TaKoXXK YTBOPEHHSA THTaHIAIB 3aji3a 1
BUCTYNalOTh B poJli 1HTeHCU]ikaTtopa aAndy3iiHUX

[1] JLW. 3apy6uukas, FO.B. KopoOka.

TIPOIIECIB.

SIkicHuii peHTreHo(a3oBUil aHai3 IOKa3aB, IO Ha
mudpakrorpamax (puc. 4), sKi CIIKaIUCS MPH TEPMO-
UUKIYBaHHI B IHTEpPBaJl TeMIeparyp MoaiMop(hHUX
MEPETBOPCHD 3ajli3a Ta TUTaHy € B HASBHOCTI JIiHII, SKi
Bianosinatore FeTi (minist [111]). Kpim upro, BusiBieHo
TiC (nminis [110]) Ta nminii a-Fe i a-Ti, mo, oyeBuaHO,
NOBS3aHO 3  HABYIVICHIOBAaHHAM 13 3aXHCHOTO
cepenoBuma. B 3paskax, sKi miggaBajucs CIIKAHHIO B
pexxumi 13o0Tepmidnoi BUTpUMKH 1ipu 1150°C BopoaoBxk
5 roguwH, iHTEpMETaJIiAn HE YTBOpIOBANIHCA. PeHTreHo-
(azoBmil aHami3 Ha WX 3pa3KaxX BUSBUB TUTBKH JiHii
a-Fe i o-Ti.

[Ipu nocmimkeHHI MiKpoTBEepAOCTI Oymno 3adikco-
BaHO 00JacCTi, SKi CHJIBHO BiAPI3HIIOTHCS MK cO0OI0 3a
3Ha4eHHAM TBeprocTi. OTpUMaHi pe3ysbTaTh YacTKOBO
CHIBNAJAIOTh 3 pe3yjbTaTaMH IPHBEACHUMHU B pPOOOTI
[4]. OOGnactb, MIKPOTBEPIICTh SIKOi KOJHMBAETHCS B
mexax 1,176 - 1,568x10'? [Ta, oueBuaHo, Biamosimae
TBEPIOMY PO3YHMHY THTaHy B 3ali3i 1 3aji3a B THTaHi,

588 -6,86x10""[la — inTepmeTamizam, a TBEpICTH
10,78 - 11,76x10"* [la — xapbiny TurtaHy, mo mo6pe
Y3rOIDKYETbCS 3 Pe3yjbTaTaMd  PEHTIeHO()a30BOro
aHaIizy
BucHoBok

IHTEHCUBHICTE mporecy B3aeMoi1

JIBOKOMITOHEHTHOI cucteMi Fe—Ti 3alnexuTh Bifl pexxumy
crikaHHg. [HTeHCHBHIIIE B3aeMOIis BiIOYBA€TbCSA IIPH
TEePMOIMKIYBaHHI B 00JIACTi TeMIIEpaTyp, sIKa OXOILIIOE
TeMIepaTypy MoIiMOp(HHOTO NePETBOPEHHS KOMITOHEHT.
Came, Tipy TEpMOUMKIYBaHHI KiJBKICTh ITOP HE3HAYHA i
IMOBIpHO TOB’si3aHa 3 (pOpMyBaHHS Me30CTpyKTypHu. Ha
BiAMIHY BiJ i30TepMi4HOT BUTPUMKHU, npu
TEPMOLMKITYBaHHI YTBOPIOIOTHCS iHTepmeTaiinu Fe,Ti ta
FeTi.

Ilempux 1L.A. — acniipanT kadeApu MaTepiaJo3HABCTBA i
HOBITHIX TEXHOJIOTiH.
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The Influence of Sintering Conditions on Structure and Phase
Composition of Fe-Ti System
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The mechanisms of powder Fe-Ti composite material sintering (thermocycling and isothermal annealing) are
studied. The fact of Fe and Ti polymorphous transformations intensification in temperature ranges 850-950 °C with
the appearance of iron intermetallic compounds are detected.
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