V MexayHapoaHasi HayqYHO-TIpaKTHIecKask KOH(epeHIIs
«/IHHOBaNMOHHBIE TEXHOJIOTHUH ¥ SKOHOMHUKA B MAITHHOCTPOCHUI»

JaJbHEHUIINM pa3pyLIeHHeM [0 TpaHuLe pa3fera. Paspymenue Ipor30III0 HECKOIBKO BhIIIE IPAHHLIBI pa3-
Jieria, 3a CYeT Yero Ha MOBEPXHOCTH TOJI0KKH COXPaHHJICS TOHKHI CJION HalbUIEHHOI'O MaTepHaia, COMu3-
MEPHUMBIi C BBICOTOH JIBYX- TpeX JIe()OPMUPOBAHHBIX YACTHII.

30HBI TPOYHOTO COCAMHEHUS] MaTepHala MOKPHITHs U OCHOBBI ¢ YO coCTaBIISIOT OOJIBIIYIO 4acTh
IPaHULIBI, YTO, CKOPEE BCEro, CBSI3aHO ¢ MHTEHCH(MKALUEH XUMHYECKOrO0 B3aWMOJCHCTBUS HAIBUIIEMBIX
YaCTHUII X MaTepHalia IMOUIOKKH 3a CYET BBIXOJA HA MIOBEPXHOCTD MOAJIOXKKH OOJBIIET0 KOIHMYeCTBa Ae(heK-
ToB. He MeHee BaxXHBIM U1l JOPMHUPOBAHHS OYArOB CXBATHIBAHUS SIBJISACTCS HAIMYHE BEPILIHH ILIEPOXOBATO-
CTH Ha 00pabOTaHHOW YJIBTPa3BYKOBBIM MHCTPYMEHTOM IOBEPXHOCTH OCHOBBI. BBICTYIBI LIEpOXOBATOCTH
IPY OCaKICHUH PACIUIABIICHHBIX YaCTHI] HArPeBalOTCs B OONbLICH CTENeHH M (aKTHUECKU CBApHBAIOTCS C
KPUCTAIUTU3YIOIIUMIICS YacTHUIaMH, (OpMUpYs Odaru CXBaThIBaHUSA. DTO MOATBEpxkIaeT (ororpadus mos-
JIOKKHW B 00JIaCTH OTPBIBA MOKPHITHSA 110 TpaHuIle paznena (puc. 30). Kak yxe oTMedanoch BBIIIE, HOPSIIOK
PACIIOJIOKEHHS 04aroB CXBAaThIBAHUS COOTBETCTBYET PACIIONI0KEHUIO BEICTYIIOB IIEPOXOBATOCTH.

Ha Bo3pacTanne aare3noHHOM MPOYHOCTH, B CITy4yae MOATOTOBKH MoBepxHOCTH YDO, Hapsmy ¢ yBeIH-
YCHHEM IUIOMIaJIA O4YaroB CXBATbIBaHUA BJIMACT U HAJIMYUEC HAIPSIKCHHOI'O COCTOSHUA MOIJIOXKKH. Hpe)lBapM—
TENIbHOE CO3/IaHME Ha MOBEPXHOCTH CKUMAIOIIMX HANpPSHKEHHH crocoOcTByeT 3(PdEeKTUBHON KOMIEHCAIMN
PACTATUBAOIIMX HANPSHKCHUHA MOKPBITHS. ITHM M MOXET OBITh OOBSICHEHO TO, YTO Ha OOJBIIICH IUIONIau 00-
paslia pa3pyLIeHHe IIPOUCXONT HE TI0 IPaHHLE Pa3/iea MOKPhITHE — OCHOBA, @ HECKOJIBKO BBIILE.

Ha ocHOBe 1ONMy4eHHBIX Pe3yJIbTATOB HCCICIOBAHHS MOXKHO KOHCTaTHPOBATh, YIbTPa3ByKoBas (u-
HULIHAs 00paboTKa MOBEPXHOCTH JaeT BOBMOXKHOCTH (POPMHPOBATH HA TPaHULE pas3feia IIa3MEeHHOE Mo-
KPBITHE-OCHOBA a/Ir¢3HOHHYIO CBSI3b M JIOCTHUTaTh YPOBHS IPOYHOCTH CLEIUICHHS, JOCTATOYHYIO UL pele-
HUS IPAKTHYECKHUX 3a1a9.
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Titanium-based cathodes, which nowadays are used for obtaining coatings made with vacuum-arc
and magnetron methods, have a complex elemental composition. According to recent studies, complication
of the cathode composition is necessary because multicomponent nitride coatings based on titanium with
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adding of nonmetallic elements (carbon, boron, silicon) have nanocrystalline structure and as that possess
outstanding hardness and durability parameters [1,2].

Earlier we have obtained and investigated dense cathode materials Ti-Si sintered of powder mixtures of
titanium and titanium silicide [3]. These cathodes contained 10- 25 at.% of silicon which is the most used com-
position for cathodes. In present paper the results of investigation of cathode materials made with sintering of
powder mixtures of titanium and titanium carbide with total content of carbon up to 30 at.% are presented.

Powder mixtures were prepared with different titanium powders: TPP-8 with fraction size less than
160 pm and TPS with fraction size less than 40 um. Powder of titanium carbide has a fraction size about 2
um. Morphology of original powders is shown on Fig.1.

x4000 2um ——
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Fig. 1.Morphology of original powders: a) TPP-8 titanium; b) TPS titanium; c) TiC

Three different compositions were investigated: 10 at.% of carbon (12,5 vol.% of TiC), 20 at.% of
carbon (27,7 vol.% of TiC) and 30 at.% of carbon (46,3 vol.% of TiC). The powders were pressed to get
cylindrical samples with diameter and height of about 10 mm and with initial porosity from 22 to 32 % de-
pending on carbide containment in powder mixture. Then the samples were sintered in the vacuum furnace
at 1300°C with variation of time from 30 to 240 minutes. Porosity before and after sintering was calculated
according to mass and volume measurements of samples. Theoretical density values of titanium (4,51
gr/cm’®) and titanium carbide (4,92 gr/cm®) were taken from reference book [4].

Shrinkage of samples after sintering was observed in every sample at any concentration of carbon.
Shrinkage in compositions with TPS is more intensive. Final porosity is achieved after 120 minutes and ac-
counts 5% for compositions with 10 and 20 at.% of C, and 10% for compositions with 30 at.% of C (Fig.
2a). In compositions with TPP-8, the more TiC sample contains, the higher porosity is (Fig. 2b), which is
about 1,5 times higher than porosity of samples with the same concentration of C but with TPS titanium.

Dependency of porosity on duration of sintering can be precisely described with power function (cor-
relation coefficient is more than 0,99) (1).
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Fig. 2.Dependency of porosity on sintering durationat 1300°C for powder mixtures Ti + TiC
with different carbon concentration
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This correlation dependency corresponds to Ivensen V.A. [5] kinetic equation (2)
V=Vy(gmzr+1)"/m )

V — volume of pores after time 7; V', — initial volume of pores; ¢ and m — kinetic parameters (g — constant
characterizing the relative speed of pores volume shrinkage at the beginning of isothermal exposure; m — con-
stant characterizing relative speed of imperfection reduction and shrinkage of pores volume during a time).

According to X-ray diffraction analysis all sintered samples have only two phases: a-Ti and TiC (Fig.
3). Lattice parameters of titanium equal the tabulated values for a-Ti. Calculated lattice parameter of tita-
nium carbide in samples after long sintering (240 min) equals 0,4301 nm. This figure is considerably less
than lattice parameter of stoichiometric TiC (0,4326 nm). Obtained lattice parameter corresponds to non-
stoichiometric TiC with formula TiC, s according to work [6]. Thereby stoichiometric titanium carbide be-
comes a non-stoichiometric one after long high-temperature sintering due to rearrangement of titanium and
carbon between the phases. According to G. Samsonov, this process translates the system in more stable
thermodynamically state [7].

Ta
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Fig. 3. X-ray picture of sintered Ti+TiC material

Representative microstructures of sintered composites are shown on Fig. 4. On these microsections
we can see light grains of carbide against dark background. These are TiC grains on titanium matrix. In
composites made of TPP-8 we can see lamellar structure of titanium matrix (Fig. 4 c,d) which is very com-
mon for different titanium alloys.

Average grain sizes were measured with random secants method (Tab. 1). It was shown that the grain
size increases two times after changing the duration of sintering from 30 to 240 minutes, and does not
changes considerably after increasing of carbon containment from 10 to 20 at.%. Analyzing these results we
can say that the reason of grain size increasing lies not in the process of coalescence of interconnecting par-
ticles, but in the processes of dissolution and precipitation.

Fig. 4. Microstructure of sintered (1300°C, 240 min) composites Ti + TiC with different carbon
concentration and titanium powder dispersity: a) 10% C, TPS; b) 20% C, TPS; ¢) 10%, TPP-§;
d) 20%, TPP-8
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Table 1

Average size of titanium carbide size in samples TPS+TiC with different carbon containment
and sintering duration

C containment, Volume containment TiC,vol.% Sintering duration, Average grain size,
at.% min um
10 12,5 30 7,4+3,0
10 12,5 240 12,4445
20 27,7 30 6,2+2,5
20 27,7 240 11,7449
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I'unponuaamirgeckre MyQTHI (THAPOMY(DTHI) IHPOKO MPUMEHSIOTCS B MPUBOAAX PA3IMYHBIX MAIIHH.
Haubonee BocTpeOOBaHbI 3TH KOHCTPYKIMH B TOPHOAOOBIBAIOIIEH MPOMBIIUICHHOCTH. J{ake cCOBpeMeHHbIe
OTIBITHBIE Pa3paboTKH, TakKe Kak Teoxof [ 1], HeBO3MOXKHO mpeAcTaBuTh 6e3 ruapoMy¢T. [Ipn nx ncnons3oBa-
HHH [IPUBOJI TPUOOPETAET LEJIbIH Psi/I MOJOXKHUTEIBHBIX CBOWCTB, N3 KOTOPBIX HAKOOJIEEe BAXKHBIMH SIBJISIFOTCS:

— IUTABHBIN pa3roH MalIKH 10 pabodeil CKOPOCTH;

— TIpeIoXpaHEHHUE MPUBOJHOTO ABUTATENs U MEXaHHUCCKOW TPAHCMUCCUU OT HEAOMYCTHUMBIX Iepe-
TPY30K IPH PE3KOM TOPMOKCHUU H MYCKE;

— CTa0WIBLHOCTh W aBTOMATHYHOCTH cpabaThIBAHUS MTPH 33JJAHHOM 3HAYCHUU TPEICTHHOTO MOMEHTA
M CaMOBOCCTAHABIMBAEMOCTh PabOUEro pexrMa Mpu yCTpaHEeHHH reperpysku [2, 3].

CyIIeCTBEHHBIM HEJOCTATKOM THAPOMY(T SBIISACTCS TOTEPS YHEPTUU HA YCTAHOBHUBIIEMCS PEKHME
W3-3a HAJMYUS CKOJIBXKCHHUS S, T.€. OTCTABAaHWS YaCTOTHI BPALICHUS TYPOMHHOTO KOJIECa Ny OT YacTOTHI Ha-
COCHOTO n. DTa BEMYMHA MOKA3BIBACT JOJIO MOTEPh MOITHOCTH, HAYIINX HA HArPeB pa0dOvel KUJAKOCTH U
netaneit ruapomydTel. Hanmdre ckoibkeHUs 00yCIOBICHO TEM, YTO HMUPKYISIHUS >KUAKOCTH, OOecreqn-
Balollast Iepeavdy dHEPTUU 0T HACOCHOTO Kojieca K TYpOMHHOMY, IPEKPAIacTCs PaHbIIe, YeM CPaBHIIOTCS
YTJIOBEIE CKOPOCTU HACOCHOTO M TYPOMHHOTO KoJieca.

Ha3zBaHHBII HETOCTATOK MOXKHO YCTPaHUTh, IPUMEHUB YCTPOicTBO On0kupoBKH (YB), 3aMbIkatoriee
BEJYIIMIA ¥ BEIOMBII BaJIBI ITOCIIE TOCTHYKEHUS ITOCIICHAM OIPEICIICHHON YII0BO# CKOpocTH [4].

OCHOBHBIMHU HEJTOCTATKaAMH OOJBITUHCTBA CYIIECTBYIOMIX Y b MOXHO CUHTATh:

—  CJIO)KHOCTh KOHCTPYKIIUH;
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