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CoBpeMeHHbIE TEXHOJIOTUM MAIIUHOCTPOCHUSI TPEOYIOT CO3JaHHMS HOBBIX MAaTepHaJIoOB,
KOTOpBIE IIO3BOJIAT MCIIOJIb30BaTh TEXHUKY HOBOI'O IIOKOJEHMS B DKCTPEMAJIbHBIX YCIOBHUSX, B TOM
YyHuclie B TaKWUX, IJl€ NPUMEHEHUE TPAJULUOHHBIX MaTEepUaOB HEBO3MOXKHO. l[lepcrieKTMBHBIMU
MaTepuaiamMM JUisi aBUAKOCMHMYECKON IPOMBIIUIEHHOCTH W MAIUMHOCTPOEHUS B LEJIOM SIBISIOTCS
METaJUIOMaTpUYHbIE KOMIIO3UIIMOHHBIE MaTepraibl ¢ MAX-(ha3Ho# KepaMUKOH, TOCKOJIBKY HU3JIEIHs
U3 TaKUX MaTepHaJiOB COYETAIOT B ce0e MIACTUYHOCTh, TEIUIO- U AJIEKTPOIPOBOJHOCTh METAJIIA, IPU
3TOM COXpaHsAs IPOYHOCTh KepaMukH. OJHAKO CO3/1aHUE U3AEIUN U3 KOMIIO3UTOB C COJEPKAHUEM
MAX-(a3 aBnsieTcs HenpocToil 3a1auei, MOCKOJIbKY ITPH BHICOKOTEMIIEpATypHON 00paboTKe, a TaKkKe
IIpU MHTEHCHBHOM MeXaHH4eCcKoM BoznehcTBUM MAX-(daza MOXeT pa3pymiaTbCs WIM XUMHUYECKU
pasjaraTeCsi Ha JApYTHE COEAUHEHMs, 4YTO IPUBOAUT K IIOTEPE OKCIUIYyaTalMOHHBIX CBOMCTB
kommo3sura [1].

CoBpeMEHHBIE aJIUTUBHBIE TEXHOJOTMH, TAKUE KAaK CEJEKTUBHOE JIAa3€pHOE CIUIABICHHE
(SLM) u nsnekrpoHHo-iydeBoe cruiaBieHue (EBM) moapasymeBaroT HarpeBaHue Marepuajia Ipu
(GopMHpOBAHUU M3AEIHHA, B CBS3U C 3TUM MCIIOJIb30BaHHE Komno3utoB ¢ MAX-dasamu B 3THX
TEXHOJIOTUSX orpaHuueHo. Llenpio manHON paboThl OBUIO MCCIIEAOBATH BOJIOIHIO (Ha30BOTO COCTAaBA
npu SLM KOMITO3UIIMOHHBIX MarepuaioB cucteMbl Ti-Al-C, conepiamux B UCXOJHOM COCTOSIHUU
MAX-da3y, u yoenutbcs, 4To HE MPOMCXOAUT ee pasnokeHus. Taxxe 3amadeil ObLIO aTTecTOBaTh
CTPYKTYpY MOJIy4aeMbIX 00pa310B Ha HAJIMYUE MAaKpOAePEKTOB B IPOIIECCce MevaTu.

B kauecTBe HCXOAHBIX MaTEpPHUAJIOB MCIOIb30BAINCH IOPOIIKH, CHUHTE3UPOBAHHBIE U3
MeXaHOAaKTUBHUPOBaHHBIX cMecel Ti-Al-C Ha ocHOBe TUTaHa ¢ PAa3IMYHBIM MAaCCOBBIM COOTHOILICHHEM
KOMIIOHEHTOB. bBbUIO yCcTaHOBIIEHO, YTO mocie Cxuranus B cmecsx dopmupyercs daza TizAlC,
KOTOpasl HE YKJIa/IbIBaeTCs B CTaHJApTHBIE HpezacTaBieHus o MAX-da3zax, B KoTopbix aToMoB C Ha
OJIMH MeEHbINe, yeM TuTaHa [2]. WMccnenoBanus momnepedHsix num@oB mokazanu, uro ¢aza TizAlC
UMeEeT BBITAHYTYIO (opMy, xapakTepHyro 11t MAX-da3.

[Tocne cenekTUBHOTrO JIa3epHOr0 CIUIABJIEHUS CUHTE3MPOBAHHBIX MOPOIIKOB (pa30BbI COCTaB
IOPOAYKTOB H3MeHsieTcs, onHako MAX-da3y ynaercs coxpaHuTb. OHa HaOdrofaeTcss Kak IO
pe3ynbTataM peHTreHO(}a30BOro aHanM3a, TaKk M IPH MCCIEAOBAHUU CTPYKTYpPbl MOINEPEUHBIX
nungoB. [lomumo MAX-da3el mosnydeHHble 00pa3ibl colEepkKaT MHTEPMETAITUAHBIE COESTUHEHMS,
TakuM  00pa3oM, B  pe3ylbTaTe CeJEKTUBHOIO  JIa3epHOr0  CIUIaBJIeHUs  (opMmupyercs
KOMIIO3UIIMOHHBIM MaTepuana ¢ MHTEPMETAIUAHON MaTpHUIEH M KepaMUYECKUMHU BKIIOYEHHUSIMH W3
MAX-¢a3sbl.
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Modern engineering technologies require the creation of new materials that will allow the
technique of new generation in extreme conditions, including those where the use of traditional
materials is impossible. Prospective materials for the air-space industry and mechanical engineering
are generally metallic composite materials with ceramics, since products from such materials combine
the plasticity, heat and electrical conductivity of the metal, while the strength of ceramics. However,
the creation of products from composites with a MAX-phase ceramics is a difficult task, since with
high-temperature treatment as well as intensive mechanical effects, MAX-phase can be collapsed or
chemically declared to other compounds, which leads to the loss of the operational properties of the
composite [1].

Modern additive technologies, such as selective laser melting (SLM) and electron-beam
melting (EBM), involves the heating of the material during the formation of products. In connection
with this, the use of composites with MAX-phases in these technologies is limited. The purpose of
this work was to investigate the evolution of the phase composition at SLM composite materials of the
Ti-Al-C system, containing the MAX-phase in the initial state, and make sure that its decomposition
does not occur. The task was to investigate the structure of the resulting samples for the presence of
macrodfects during the printing process.

Powders synthesized from the mechanically activated titanium-based mixtures of Ti-Al-C
system with a different mass ratio of components were used as starting materials. It was found that
after burning in mixtures, the Ti3AlC phase 1s formed, which does not fit into standard representations
of the MAX-phases in which carbon atoms one less than titanium [2]. Studies of cross-sections have
shown that the Ti3AlC phase has an elongated form, distinctive for the MAX-phases.

After SLM of synthesized powders, the phase composition of products changes, however the
MAX-phase are saved. It i1s observed both by the results of X-ray phase analysis and in the study of
the structure of cross-sections. In addition to the MAX-phase, the resulting samples contain
intermetallic compounds, thus, as a result of SLM, a composite material with an intermetalline matrix
and ceramic MAX-phase inclusions are form.
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