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The results of an investigation of the features of phase formation of MAX phase materials after thermal
synthesis from TiH,-Al-C and TiH,-Si-C powder mixtures were presented. Significant dependence of the phase
composition of alloy on the temperature of thermal synthesis is shown. The x-ray diffraction pattern shown that for all
initial mixtures during their heating process takes place formation of titanium carbide particles, ternary Ti,AIC carbide
and intermetallic TizAl compound. Increasing the sintering temperature to 1300 °C leads to decreases the content of
titanium carbide TiC and significant increases the content of Ti,AlC ternary compounds. After synthesis at 1400 °C, the
base phase of the alloy becomes the TizAlC, ternary compound. After research of the interaction of components of a
powder charge of TiH,-Si-C system, it was revealed, that the main phase after synthesis at 1150 °C is titanium carbide.
The ternary Ti3SiC, and intermetallics TisSis and compound were also identified in the phase composition of the alloy.
Increasing the sintering temperature to 1300 °C leads to decreases the content of titanium carbide TiC and increases the
content of TiAlC ternary compounds. After synthesis at 1400 °C, in materials other than Ti3SiC, main phase would be
admixtures of TiC and TisSi;. A modified model thermal synthesis of ternary compounds of the Ti-Al-C system, which
includes the melting of aluminum and its interaction with titanium at low-temperature stages of the process, formation
of the Ti3Al intermetallic compound, formation titanium carbide grains as a result of interaction of the AlC;
intermediate metastable phase with titanium or Ti3Al intermetallic compound and the synthesis of ternary Ti>AlC and
Ti3AlC; compounds as a result of interaction of the TizAl intermetallic compound with carbon and Ti,AIC with titanium
carbide TiC is propose. It was established that formation of titanium-silicon carbide Ti-Si-C system proceeds in two
stages: through the formation of an eutectic melt TiSi»-Si and due to the interaction of titanium carbide with TiSi,.

Key words: MAX-phase, ternary compound, thermal synthesis, titanium, intermetallic compound, titanium
carbide X-ray phase analysis.

Oco0siuBocTi a30yTBOpPEHHS IPH TEPMIYHOMY CHHTE3i KOMIIO3UTIB THILY
MAX-¢a3, oTpuMaHHX i3 HOPOIIKOBHUX CyMillleid HA OCHOBI cHCTeM
TiH2-Al-C Ta TiH;-Si-C

O.B. Cynpyn, I'.A. baritok

Incmumym npobnem mamepianoznagcmea im. 1. M. @panyesuua HAH Yxpainu

VY crari HaBeleHI pe3yJbTaTH JIOCTIPKEHb OcoOmMBOCTEl (azoBoro anamizy marepianiB tuny MAX-das,
OTPUMaHUX TEPMIYHMM CHHTE30M i3 mopomkoBux cymimeid cucrem TiH»-Al-C ta TiH,-Si-C. Iloka3ana cyTreBa
3aNIeKHICTh (Pa30BOTO CKIAAY CIDIABY BiJ TEMIEpaTypH TEPMIYHOTO CHHTe3y. Tak, 3a pe3yabTaTaMu peHTTCHO(Pa30BOTO
aHalizy TOKa3aHO, IO IPH HAarpiBaHHI MOCTIKyBaHWX BHXigHHX cyMmimed cucremu TiH»-Al-C mpu 1150 °C
BIIOYBA€ETHCS BUALICHHS 4acTOK KapOiny turany TiC, motpiitaoi cionyku Ti,AlC ta intepmeramiay TizAl. 30inbireHHs
temrnepaTypu cuaTte3y 10 1300 °C npu3BoauTh N0 3MEHILIEHHs BMICTy Kap0Oiny tutany TiC Ta cyTTeBOro 301IbIICHHS
BMicTy noTpiitHoi cionyku TiAlC, a micns cuntesy npu 1400 °C 6a3oBoro (azoro crutaBy crae HOTpiifHa croiyka
Ti3AlC,. [Ipu mocmimKeHHsS B3aEMOJIIT KOMIIOHEHTIB MOPONIKOBOI MUXTH HA OCHOBI cuctemu TiH,-Si-C BusBICHO, 110
npu temnepatypi curedy 1150 °C ocHoOBHOIO (ha3or0 crutaBy € kapOin tutany. Y (a3oBoMy CKiail cIUIaBy
ineHTH(iKyrOTECST Takox notpiiiHa cronmyka Ti3SiC, ta intepmeramimm TisSis 1 TisSiz. 30inblieHHs TeMmneparypu
cuikagas 10 1300 °C mpu3BOOUTH 1O 3MEHIICHHS B CKIAfi 3pa3ky KapOiny turany TiC Ta 30imbIICHHS KiUTBKOCTI
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Ti3S1Cy, a micnst cunTesy npu 1400 °C B mpoaykTax, KpiM ocHOBHOI (a3u - Ti3SiCs, MOXyTh OyTH NPHUCYTHI AOMILIKH

TiC ra TisSis.
Beryn

B ocranHi KibKa POKIB 3pOCTarouuii iHTEpec
YUYEHHX  BUKJIMKalOTh  Marepiald Ha  OCHOBI
0e3KHCHEBOT KepaMiKM - TepHApHI CHOIYKH, ado Tak
3Bani MAX-¢a3u.

Marepiann Ha ocHoBi mapyBatnx MAX ¢a3
ab0 HaHOJNAMiHAaTHA KepaMika - HOBHHA  BHJ
JIETKOOOpOOTIOBaHOT KOHCTPYKLIHHOI KepaMiku, sKa
MOTEHIIITHO MOXE BHUKOPHUCTOBYBATHCS B 0araTteox
00JIacTIX  TEXHIKM, SKI IAJAIThCA  CHIIBHHM
TEpMIYHUM, XIMIYHUM 1 MEXaHIYHUM BIUIMBaM B
OKHCITIOBaIbHOMY cepenoBuii [1].

OtpumManHs MatepianiB Ha ocHoBi MAX-da3
SIBIISIE COOOIO CKIIAJHY 3aj1ady 3a paxyHOK HHU3BKHX
TEPMOJMHAMIYHAX CTHUMYJIB YTBOPEHHsS 3MillIaHUX
3’€¢lHaHb 13 CYMDKHUX HOABIHHMX (a3, Mauux
mBHUAKOCTeH anQy3ii KOMIIOHEHTIB y HHX, a TaKOX
CKJIIQIHOCTI Ta HEBEJNMKOI TOYHOCTI BH3HAYECHHS
(haKTHYHOTO BMICTY KOMITOHEHTIB. 3 4acy BiAKPHTTS
Ti2AIC i Ti3AIC2 po3polbiieHO psi TEXHOJIOTIH
BUTOTOBJICHHS MaHHUX MOTPIHHUX KapOifiB cepem SKuX
Taki, sk rapsde i3ocraruuHe npecyBanus ([IIT) i
rapade mnpecysanHs (I'TI), immynscHe IIa3MoBe

crikaHHs abo crikanHsA B ma3Mi (SPS) [2], cunTes npu
TOpiHHI abo CaMOPO3IOBCIOKYIOUHICS
Bucokoremneparypauii cuate3 (CBC), wMexaHigHO
axtuBoBane crmikanusg (MAC) 1a iH.

Cepen pi3HHX METOJIB OTPUMAaHHS MaTepiajiB
Ha ocHOBi MAX-da3 omHuM i3 E€KOHOMIYHO
epextuBauM € wMeron CBC. Y unpomy wmeroni
BUKOPHCTOBYIOTh ~ BHXINHI  CyMiln, TeMIeparypu
TOPiHHS SKHUX MEPEBHUIIYIOTh TEMIICPaTypH IIIaBICHHS
KIHIEBUX HPOJYKTIB, OJEP)KYBaHHX y piakodasHOMY
craHi [3-5].

Metoto nmaHoi pobOTH €  BCTAaHOBJCHHS
OCHOBHHX 3aKOHOMIpHOCTEH (opMyBaHHA (a30BOTO
CKJIay TOPOIIKOBHX KOMIIO3UTIB Tumy MAX-das3, a
TaKoXX BHABIICHHS HOTPIMHHUX CIIONYK B CIUIaBax Ha
ocHoBi cucteM Ti-Al-C ta Ti-Si-C.

Marepianu i MeToaU J0CTITKEHHS

B skocti BuXigHMX MaTepiagiB B poOOTi
BHKOPHCTOBYBAJIHM CyMillli OPOIIKIB TipHAY THUTaHY,
AITIOMIHIIO,  HAIIBIPOBIAHUKOBOTO  KPEMHII0O  Ta
TEXHIYHOTO  Byrjemoo.  Mopdomoris — BHXIIHHX
TTOPOIIKiB HaBe/leHa Ha puc. 1.

Puc. 1. Mopdoutorist BuXiJHUX HOPOLIKIB TriApuIy TUTaHy (a), anoMiHito (0), Byriuerto (B), KpeMHito (T)
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CymmneHu#  cTeHn oOmagHanuii CuHTes 1
ymteHeHHsT Ti3AIC ta TizSiC, Oynmm mpoBemeHi y
BIJIMOBITHOCTI 3 HACTYIHOIO METOAMKOIO. 3MIITyBaIA
peareHTH B MoJsipHOMY cmiBBigHOomeHHI Ti-Al-C Ta
Ti-Si-C — 3:2:1 B 3MmimyB4i THIy «m'ssHa Oo0dKay
OPOTSATOM 2 TOXWH. I3 OTPHMMaHMX HOPOLIKOBHX
cymimeit mig tuckom 400 MIla npecyBanu mociinHi
3pa3Kky, SIKi B MOJAJBIIOMY IiJJIaBATUCS CITIKAHHIO Y
BakyyMi npu Temneparypax 1150, 1300 Ta 1400 °C 3
130TepMI4HOI0 BUTPUMKOIO 60 XB.

MikpocTpyKTypa BHXIJHHX TIOPOLIKIB  Ta
CIeUeHNX 3pa3KiB JOCHIIKyBallaCh Ha ONTHYHOMY
mikpockormi  XJL-17AT Ta Ha  CKaHyHUOMY
enekTpoHHOMy Mikpockori JEOL Superprobe 733.
dazoBuil  CcKJag ~ BH3HAYaBCS  3a  JIOIIOMOIOIO
PEHTreHIBChKOTO aHaiizy Ha mudpakromerpi JIPOH-
3M y siadinsTpoBanomy B CoKo BumpomiHeHi B
niana3oHi kyTiB 20+1300 3 HOKPOKOBUM CKaHYBaHHSIM.
3pazok mig yac gudparyBaHHs 00epTaBCsS HAaBKOJIO
cBoel oci. [Tomyk BiAMOBiAHOCTI TUQPaKIIHHUX JIiHIHA
BigomuM 3'eqHanusaM B cucteMax Ti-Al-C Tta Ti-Si-C
BimOyBaBCS 3 BHUKOpHUCTaHHAM Oasm manux PDF-2.
VYTOYHEHHSI CTPYKTYp NpOBEIeHO MeToxoM PiTBenbaa
3a JOMOMOT 00 KoMIutekcy mporpam PowderCellBase.

Pe3ysbTaTu J0CaiIKeHb Ta IX 00roBOpeHHs

B pesyapraTi TEpMIUYHOrO CHHTE3y CILIaBiB
BIIOYBAETHCS MOMITHHM OO0 €MHHIA pICT BUXITHHX
MIPECOBOK. 3pa3Ky IIiCIIsl TEPMIYHOTO CHHTE3Y SIBIAIOTH
cO0OF0 JIOCTaTHLO MIIHI I'y0YacTi KOHTJIOMEPATH, IO
HaragyloTh 32 30BHINIHIM BHIJIAJIOM 3pa3Kd, IIO
otpumytoTh MeTogamu CBC.

AHami3 PEHTICHIBCHKOTO CIEKTpa CIEYCHOI
cymimi  Ti-Al-C, cHHTe30BaHMX 0OpU  PI3HHX
Temmneparypax (puc. 2) IMoOKa3aJiid, L0 OCHOBHOIO
(azoro cneuenoi mpu 1150 °C (puc. 2, a) cymimi €
KapOix THTaHy 3 KyOiYHOIO KPUCTaIIYHOIO PEILIITKOIO.
VY dazoBomy ckiazi criaBy iJeHTH]IKYIOTCS TaKOXK
notpiiina cionyka Ti;AlC Ta inTepmeramin TizAl.

[Tigsumenns Temneparypu cuaresy 10 1300 °C
NPU3BOJUTh JO CYTTEBOTO  30UJIBLICHHS  BMICTY
notpiiinoi  cnonmykun T, AIC  Ta  BiamoBigHOTO
3MEHILeHHs BMicTy Kapbiny tutany TiC (puc. 2, 6), a
micnst cunate3y npu 1400 °C 6a3oBoro (azoro criaBy
crae norpiiiHa ciosryka TizAlC; (puc. 2, B).

Judpakuiiina kKapTHHA CHHTE30BaHOi CyMilIi
TiH»-Si-C, cmewenoi mpum 1150°C  (puc. 3, a)
mpencTaBieHa KyOiuHUM KapOizom TuTany TiC,
intepmeraminamu TisSis 1 TisSis, a Takok BHSBIEHI
pedraexkcn MNOTPIHHUX 3’€qHAHB THUTAHOKPEMHIEBOTO
kapoiny Ti3SiC.

[Tpu 30inbplIeHH] TeMIlepaTypu CIIiKaHHS JI0
1300 °C (puc. 3, 6) crexiomerpis kap6iny Turany TiC
JIEII0  TOPYIIYEThCS,  BIAMIYAETBCS  30LTBIICHHS
TUTAHOKPEMHIEBOTO  KapOimy. 3  MiABHIICHHAM
Temriepatypu  cmikauaa  go 1400 °C  (pwuc. 3, B)
IHTCHCHBHICTD TiHIM KapOimy turany TiC 3Ha9HO
3HIKYEeThesa, OCHOBHOIO (a3oto criedeHoi npu 1400 °C
cyMimti € TutaHOKpeMHieBui kapoix TizSiCo.

KEPAMIKA: nayka i >Kutta

I'pagiuanii pesynbraT yTOYHEHHS cucrteM Ti-
Al-C ra Ti-Si-C metonom PiTBenbaa mpeacraBieHo Ha
puc.4, nme 300paxkeHi  eKCHOEpHUMEHTAlIbHA  Ta
TeopeTHdyHa Au(paKTOrpaMH, pi3HUIEBUHA Npodias Ta
pO3paxoBaHi MOJOKEHHS MAKCUMYMIB ITiKiB.

VYHacHIIOK MOCHIIDKEHHS METOAOM PiTBennaa
MiATBEP/KEHO  peHTreHorpadiuHi 1 JiTeparypHi
BIJOMOCTI, 3TigHO 3 sikuMH y cucremax Ti-Al-C
(puc. 5,a) Ta Ti-Si-C (puc.5,0) npu 30iIbIICHHI
TEMIEepaTypu CHUHTE3y BiIOyBaeThcs 30UIBIICHHS
norpiiHux crionyk Ti3AlC2 rta Ti3SiC2 BixnosigHO Ta
3MEHIICHHS IHTEHCUBHOCTI JiHiH kapOiny Turany TiC.

B poborax [5-7] 3ampomoHOBaHi MOJei
CHUHTE3y MOTpiifHHX cnoimyk B cucremi Ti-Al-C. 3
ypaxyBaHHsSM HaBEJCHUX BUILE PE3yJbTaTiB Ta JAaHUX
JTA nanoi cuctemu 3 [6], BiZoMi MOZEJIi MOKYTh OyTH
Moau(iKOBaHI 70 BapiaHTy MOIENI, sKa OIMHCYEThCS
HacTymHUMU peakitismu (1)+(8):

TiH, (s) — Ti (s) + Hy (1)
Al (s) — Al (1) )
3Ti (s) + Al (I) = TisAl (s) 3)
4A1 (1) + 3C = ALC; (5) @)
ALC; (s) + 3Ti (s) = 3TiC (s) + 4Al (1) (5)
ALC; + TisAl - 3TiC +5A1(1) (6)
TisAl (s) + C (s) = ThAIC (s) + TiC (s) )
ThAIC (s) + TiC (s) — Ti3AlC; (s) (8)
TisAl (s) + 2C — TiAIC; (5) ©9)

Jie iHJeKc (S) BIANOBiae TBEPJAOMY CTaHy PEUOBUHH, a
innexc (1) — BiAMOBiqHOMY PO3ILIABY.

3riHO 3alpOTOHOBAHOI MOJETI Ha MOYAaTKOBil
CTanii HarpiBaHHS BHXINHOI IIMXTH IIOYAHAIOYH 3
~400 °C BigOyBa€eThCsl BHIUICHHS aTOMApHOTO BOJTHIO
3 KPUCTAJIIYHOI TpaTKH Tinpuay tutany (peakuis (1)), a
MIPH TEMIepaTypi BHINE TOYKH IDIABICHHS aJOMIHIIO
(660 °C) mounHa€eTHCS TUIABJICHHS AIOMIHIO (peaxiis
(2)), B pe3ynbTaTi 4Oro BeJIMKAa KUIBKICTH aTomiB Al
JuyHIyIOTh yTBOpIOlOun (azu intepmetaniny TizAl
(peaxutis (3)).

IIpn mnigBumenni temneparypu 1o 1150 °C
3TiIHO 3 pe3yiabTaTaMH  PEHTTE€HOCIIEKTPAILHOTO
aHamizy (puc.2,a) B CKIaii MaTepialy 3’sSBISIOTHCS
¢azu Ti,AIC Ta TiC. OnmHak, TepMOAWHAMIYHA OIiHKA
mpsimoi peakuii cuHTe’y TiC 3 THTaHy Ta BYTIEIIO
BKa3ye, 10 MPOXOKEHHS TaKOl PeaKIlii MOKINBE IPH
CYTTE€BO OLIBII BUCOKHX TeMmIieparypax (He HWXKYe
1600 °C) [7], Tomy nnst popmyBanHsT KapOinHUX (a3
TUTaHy TIpM BIJHOCHO HHU3BKUX TeMIleparypax
HEeoOXiTHO ICHyBaHHS OibII JIETKOIUTaBKUX
poMiXKHUX (a3. ABTopH podoTH [7] mpumycThim, mo
mpu Temneparypax ~660+800 °C MoxvBe iCHyBaHHS
nmpoMmikHOi ~ MeracrabinmbHoi  dasm  AlLC;,  mo
CHUHTE3YETBCS 3a peakiieio (4), Ta 3a HAIBHOCTI SKOI
MOXJIFBE (OpMyBaHHS KapOiliB THTaHy 3a BiTHOCHO
HU3bKHX Temmepatyp (peakumii (5) Ta (6)). Takum
yuHOM, mnOTpiiiHa cnonyka TiAIC, Moxe Oytu
OTpHMaHa B pe3yJybTaTi B3aemoii inTepmeraniny TizAl
3 ByraeneM (peakiiis (7)).

Termmmomacoo6MiHHi ponecn
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Puc. 2. ®parmenTn peHTreHorpam craBiB cuctemu Ti-Al-C micns TepMidHOTO CHHTE3Y
npu 1150 (a), 1300 (6) Ta 1400 °C (B)
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Puc. 3. ®parmentu peHtreHorpam cruiaBiB cucteMu Ti-Si-C micis TepMIiYHOTO CHHTE3Y
mipu 1150 (a), 1300 (6) Ta 1400 °C (B)
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Puc. 4. Teopernunnii (BepxHiil) eKCIIEpUMEHTAIBHUH (CepeHIN) Ta PI3HUII MIXK EKCIIEPUMEHTAIBHUM 1 TEOPETHYHUM
(amxH.) npodinamu qudpaxrorpamu cucrem: Ti-Al-C mpu 1150 (a), 1300 (6) Ta 1400 °C (8) Ta Ti-Si-C npu 1150 (1),
1300 (m) Ta 1400 °C (e) B obnacri 20 = 40-100°
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TiC Ti;Al

TiL,AIC Ti,AlC,

a

TiC  TiSi, TisSi,

Ti,SiC,

o

Puc. 5. Bincotkose 3HaueHHs (a3 po3paxoBaHe MeToI0M PiTBenbaa, yrBopeHux B cuctemax Ti-Al-C (a) ta Ti-Si-C (0)

3 WIIBUINEHHSAM TeMIlEpaTypud CHHTE3y JIO
1400 °C MoxnmBa B3a€EMOJiSl TOTPIHHOI CIIOJyKH
Ti,AIC 3 xapb6imom Turany TiC Ta iHTepMeTamimy
TizAl 3 Byrnenem (peaxuii (8) ta (9)). B pesynprari
MPOXOKEHHS TaKWX pPeakmid OCHOBHOKO (ha3oro
CIUIaBy CcTae BXe TmoTpiiiHa cmoiayka Ti3AlC,,
HasBHICTb SKOi B CIUTaBi, CHHTe30BaHOMY Tipu 1400 °C,
HIATBEPIKYETHCS TAaHUMH CIIEKTPOCKOIIiT (pHc. 2, B) Ta
YTOUHEHHSIM  CTPYKTypu  MetonoMmi  PitBenbna
(puc. 5, a).

Hna cUcTeMHI Ti-Si-C (hopmyBaHHs
TUTaHOKPEMHI€BOTo KapOigy MpoTikae B ABa €TaIlu:
Yyepe3 CTa/il0 YTBOPEHHS EBTEKTOIAHOTO pO3IUIaBY
TiSi,-Si 1 3a paxyHOK B3aemomii kKapOigy THUTaHy 3
TiSi,.

ITocnimoBHICTP OCHOBHUX CTamid XIMIYHMX
MEePETBOPEHD OMUCYIOTHCS HACTYITHUMH PEaKIiSIMH:

Til, = Ti + H, (10)
Ti+C = TiC (11)
Ti + 2Si = TiSi, (12)
STi + 3Si = TisSis (13)
STi + 4Si = TisSis (14)
TisSis + 10TiC + 2Si = 5Ti;SiCs (15)
TiSi, + 2TiC = Ti;SiC, + Si (16)

3rigHo miteparypHux naHux [8], Ha nepurii
cTanii BiIOYBA€TbCS BHUJIICHHS aTOMAapHOTO BOJHIO
(peakuist (10)), Ha Apyrid cTanii CHHTE3y TUTaH pearye
3 ByIJIELleM 3 YTBOpeHHsAM KapOigy turtany TiC mo
peaknii 11. Peakmist (11) 3amyuae Bech akTUBHMH
Byrimenp B cucreMi. Jlami BigOyBaeThCsS — cTafis
CUWIIMUAOYTBOPEHHSI, MPH YOMY BHOIp INUIIXY, IO
SAKOMY TIifie 1eil mporiec, BU3HAYAa€ThCS KOHIICHTPAIIi€I0
BUTPHOTO KpeMHil0. B ymoBax HaJiHMIIKy KpeMHiI0
Oyne ¢opMmyBaTHCA MEPEBAKHO CHIIIIHI 3 HHU3BKUM
BMicToM TutaHy - TiSi, (peakuis 12), a B ymoBax
HecTaul KpeMmHilo OyJe YTBOPIOBAaTHCS CHIIIIHUI 3
BHCOKUM BMicTOM THTaHy - TisSiz Ta TisSis (peakiis
13, 14).

YrBopenus Ti3SiC, gepes TisSi; BinOyBaeTscs B
pesynprari peakmii (15), sk BkazaHoO B poOOTI
[9]. TisSiC, Takox MOXe  YTBOPIOBAaTHCS B

Termmmomacoo6MiHHi ponecn

pe3yibTari peakuii Mix kap6igom Tturany i TiSi 3
BHUIUICHHSIM BUTBHOTO KpewmHito (peaktis (16)). Leit
nponiec OyB mocniypkeHui panime HagyTkinum Ta iH.
[10].

BucHoBku

1. Tloka3aHuii BIUIMB TeMIlEpaTypyd TEPMIdyHOTO
cunresy crmiaBiB cuctem Ti-Al-C Tta Ti-Si-C Ha
(a3oBuii ckia MaTepiaiiB.

2. BcraHOBnEHO, MO TMicis CHHTE3y IpH
1150 °C ocHoBHOIO (dazoro craBy cucremu Ti-Al-C e
KapOin Tturany. Y  ¢a3oBoMy cCKIagl  CIUIaBy
IIeHTU(IKYIOTBCS TaKOX MoTpiifHa cromyka Ti,AIC Ta
intepmeranin  TizAl.  IligBumenas  Temmeparypu
cuaresy a0 1300 °C mnpusBOOUTH [0 CYTTEBOTO
30unblIeHHs BMicTy motpiiHoi cnonyku Ti,AIC Ta
BIIIIOBITHOTO 3MEHINCHHsI BMicTy KapOimy Turany TiC,
a micns cunTe3y npu 1400 °C 6a3zoBoro (azoro criaBy
crae norpiiiHa criosryka TizAlC.

3. Ipu Temmeparypi cunresy 1150 °C cruiaBy
cucremu Ti-Si-C gudpaxiiitna kapTUHa TpeacTaBIcHA
KyOiuHUM KapOioM THTaHy 1 JEIKOK KITBKiCTIO
iaTepmeraniniB TisSis 1 TisSis. Takox imeHTH)IKy€eTBCS
TUTaHOKpeMHieBui  KapOim  Ti3SiC,.  30imbIieHHS
temrnepatypu crikanasg go 1300 °C npusBoauTh 10
NopylleHHs1 cTrexiomerpii kap6imy tutany TiC Ta
30iIbIIEHHS KUIbKOCTI moTpiiHoi cnomyku TizSiCo.
[IpoBeneHi eKCIEPUMEHTH IOKa3ylOTh, IO IiCIs
cunresy npu 1400 °C B mpomykTax, KpiM OCHOBHOL
tazm - Ti3SiCy, MOXyTh OyTH TpucyTHI Aomimku TiC
ta TisSi3 BMICT SKHX 3aJIC)KHUTH BiJ CKIAAy BUXITHOI
LIUXTH.

4. Metonom PitBenbaa MiATBEPIKECHO
penTreHorpadivHi i JTepaTypHi BiJOMOCTI, 3TiHO 3
skumu y cucremax Ti-Al-C ta Ti-Si-C npu 30ib1eHH]
TEMIepaTypu CHUHTE3Y BiJOyBA€ThCsA  30UIBIICHHS
notpiiiaux cronyk Ti3AlC, Ta Ti3SiC, BiamosigHO Ta
3MEHILCHHS IHTeHCUBHOCTI JIiHIH Kap6ixy Tntany TiC.

5. 3amponionoBana  MoaM(ikoBaHa ~ MOJENb
TEpMIYHOTO CHHTE3y HOTPiiiHMX croiyk B cucteMi Ti-
Al-C, mo BKIIOYa€ IUIABJIEHHS AaIIOMIHIIO Ta HOTro
B3a€EMOJII0 3 THTAHOM Ha HHU3BKOTEMIIEPATypHUX
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CTalisfAX Tpolecy, Ta (opMyBaHHS (a3u IHTEPMETATITY
TizAl, B  pesympraTi  B3aeMmomii  MPOMDKHOI
meractabimpHOi  ¢asm  AlCs 3 TuraHoM  abo
intepmeraninom TizAl, Ta cuHTE3 MOTPIHHUX CITOTYK
TibAIC Ta Ti3AIC; B  pe3yabraTi  B3aeMOJil
intepmetaniny TizAl 3 Byrnenem ta Ti,AlC 3 kapGigom
turany TiC.

6. Bcranosiaeno, mo s cucremu Ti-Si-C
(hopMyBaHHS THTAaHOKPEMHIEBOTO KapOimy IpOTIKae B
JIBa €Taly: 4Yepe3 CTa/il0 YTBOPEHHS EBTEKTOIMHOTO
posmtaBy TiSi>-Si 1 3a paxyHOK B3aemonii kapOimy
tutany 3 TiSi,.
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