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O.M. Pumap

HOPIBHAHHA TEPMOJANHAMIYHUX OIIHOK CUCTEMMH Ni-Al HA
MNOYATKOBHUX ETAIIAX 3APOAKOYTBOPEHHSA

Y pobomi npeocmasneni pezyromamu ¢heHOMEHON02TUHO20 MOOENIOBAHHS HAABHOCMI AOO
8i0cymHocmi KOHMakmuo2o niaenenus y cucmemi Ni-Al memooom Calphad. [lobyoosano
KOHYEHMPAyitiHi  3a1edCcHoCmi  mepmoounamiunoeo nomenyiany 1iooca. Ilobyoosani
MemacmabinvHi (hazosi diazpamu OJisi piOK020 ma meepooco HiKelb-ANIOMIHIEBO20 PO3YUHY Y
NPUNYWjeHHi, wo Ha paHHix cmaodiax ci iHwi inmepmemanioni ¢asu npueniveni. Ha ocnosi
npasuia napaienbHux OOMUYHUX 3HAUOEHI CIUMYIU 3aPOOKOYMBOPEHHS IHMepMemanioHux
¢as i3 piokoco poszuuny. Illpu yvomy esazxcanocb, wo iHmepmemaniou SUHUKAIOMb 34
MEXAHI3MOM BUOLIEHHS i3 PIOKO2O POZYUHY.

KumrouoBi ciaoBa: Calphad, meracrabinpHa (a3zoBa miarpama, KOHTAKTHE IIJIaBJICHHS,
CTHMYJT 3apOJIKOYTBOPESHHSI, IPABIIIO IMAPATICITHLHUX JOTHIHUX

Beryn

Ha cporonuimHii AeHb cHCTEMa HIKEIb-aJIOMIHIA 3HaWUIa Hampodysd MIHPOKE
3actocyBaHHs Ipu jpociipkeHHl spuma CBC (CamonomuproBaHUil BUCOKOTEMIEPATYpHUI
cUHTe3). BcTaHoBNIEHO, 0 METO/IMKA MPUTOTYBaHHS IUIIBOK (IIBUJAKICTH aTOMIB y MOTOLI
HalWJIeHHs, TyCTHHA IIOTOKY, TeMmIeparypa MiIKIaJKH), a TakoX IepioJ 1 TOBIIMHA
MYyJIbTUIIAPIB BIUIMBAIOTh HA IIBUJIKICTh PO3MOBCIOKEHHS (DPOHTY TOPIHHS, TEMIIEPATYpy Ta
dazoBuit ckian. [lpu 13oTepMIYHUX PEAKIIAX Yy II CHUCTEMI HAaW4aCTIIIE CIOCTEPIraeThes
MOCHIZIOBHICTh ~ YTBOPEHHS  PIBHOBaXHUX (a3 13 30UIBLIEHHSM  YacTKU  HIKENII0
(ALNi ... Ni,Al).

3Haroun Temmeparypy (pOHTY TOpiHHA 1 HOro MIBHJAKICTb, MH MOXEMO 3HaWTH
BIJIIIOBIHE 3aCTOCYBAHHS IJIIBOK y TiM 4M 1HIIIM ramxy3i IPpOMHCIOBOCTI.

Hocnimxyroun cucreMy Ni-Al meromom Calphad mMu nomitunm, 1o BUKOPUCTAaHHS
PI3HHX CTaTe¥l Uil TEPMOAMHAMIYHOT OIIHKMA JAHOI CUCTEMH A€ 30BCIM PI3HI pe3yJbTaTH:
3rimHo JKepen [1-3], Mu MOKeMO crocTepiraTi SBUIE KOHTAKTHOTO IIJIABJICHHS B CHCTEMI
HIKEJIb-aJIFOMIHIM HaBITh MpU KIMHATHUX TeMIlepaTypax, a 3a pe3yiabTaTamMu Jpkepena [4]
BOHO BiicyTHE. OKCHUJHI IUTIBKM Ha MOBEPXHI HIKEIIO Ta aJIOMIHIIO BIICYTHI. Pi3HuMug y
pe3ynpTaTax IOoJsIrae He y MaTeMaTHuyHId MOJENI, sIka ONHMCYE TEPMOJMHAMIKY IpoLecy
(BOHM OJJHAKOBI), a y MIIFOHOYHUX JaHMX, SIK1 BHOCATH BKJIAJl y Ha/UIMIIKOBY eHeprito ['1006ca
[5, 6] (sika moB’s13aHa 13 ypaxyBaHHSAM HElEaTbHOCT1 KPUCTAIIUHOT IPaTKH).

Hame nocnimpkeHHs 3yMOBJEHE TUM, IO Ha JaHOMY €Tali He3po3yMulo, SKUM
TEPMOJIMHAMIYHUM JIaHUM MOXHA BIPUTH 1 BHUKOPUCTOBYBAaTH iX JJIs TOJAJIbLINX
TEPMOJIMHAMIUYHUX OLIHOK O1HapHOi cuctemMu Ni-Al, a siIKi MU MOBHUHHI BIAKUHYTU Ha paHHIX
CTa/ligX AOCTIIKEHb.

Onuc MoeIbHUX PO3PAXYHKIB:

MounekynspHo-nuHamiyHUMH  JtociipkeHHsiMu - @. Bbapaca 1 O. Ilonitano [7] Oymo
BCTAHOBJICHO, IO JOJaBaHHS HIKEIIO /IO YHUCTOTO QIIOMIHIIO TOHIKYE TEMIIepaTypy
IJIaBJIEHHS OCTaHHbBOTO.

3riHO 3 TepMOJWMHAMIYHUMHU JaHUMH [l] TemmepaTypa IUIaBIC€HHS TaKOTO PO3YUHY
npuosm3Ho piBHa 700 K, Tomi sk urcTuit amtoMiniil mnaButbes npu 933 K. BpaxoByroun 1ieit
¢dakT, MM MOXXEMO NPUITYCTUTH, 110 HABITh HAa CTaJili MPUTOTYBaHHS IUIIBOK 3a PI3HUMHU
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METO/JMKaMH Ha KOHTAKT1 HIKEIb-aJIIOMIHIEBOI Mapu ICHYE PIIKUNA MPOILIAPOK, 13 SIKOTO

MOXKYTb 0CaJPKYBaTHUCS 1HIII IHTEPMETaIIAN.

[[lo6 mepeBipuTH BaliAHICTh OTPUMAHUX KpUBHX eHepriii ['160ca Ta meTacTabUIbBHUX
(dazoBux mgiarpam Oyn0 BHKOpPHCTaHO TporpamHe 3abe3nedeHHst Pandat, Ta BiamoBinHi

TepMoauHaMIYHI 1aHi [3, 4].

IlopiBHSIHHSA pe3yabTaTiB TepMOAMHAMIYHMX olliHOK cucTeMu Ni-Al:
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CTeXIOMEeTpu4HOi  (a3u _—

Cromparounch Ha JaHl, TpeacraBiieHl y crarti [1], mum moOyayBanu 3aJIeKHOCTI

TEPMOJIMHAMIYHOTO TOTEHI[ia]ly BiJl KOHIIEHTpalil HIKEIo (IUB.

puc. 1) nmns Beix

iHTepMeTamiaaux ¢a3. MoxkHa mo0OayuTu, MO0 KpuBa mis pimkoro po3uuHy npu 800 K
MIPOXOJIUTh HIXKYE 3a KPUBY TBEpPAOrO0 PO3UYMHY Yy MEBHOMY IHTEpBaji KOHLIEHTpALii.
ba3yrounce Ha pe3ynprarax OTpUMaHUX y CTarTl [5], MOXKHAa MOOAYWTH, IO KOHTAKTHE
riaBieHHa BinOyBaeTrbest mpu 700 K B iHTepBani koHueHTpamii 6mu3bkid no 0.3 c ni

(KOHIIEHTpAITIS HIKEITIO).

Enxepria MNbbca (Q#/mons)
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Kopucryrounch nanumu, siKi MpeACTaBiI€Hl y CTarTi [2], MM MHOMITHIH, IO SBUILE
KOHTaKTHOT'O IJIaBJICHHSI TAKOXK MOJKHA cIlocTepiraTH (AMB. pHC. 2), aje MpH TeMIeparypi,
ska piBHa 625 K, mo Ha 75 K Hux4Ye Bix pe3yinbTaTy OTPUMAHOTO Y MOMEPEIHIN CTaTTi.

3rimHo jmaHuX crarTi [3] MeracTtabuibHE KOHTAaKTHE IUTaBJICHHS (AMB. puc. 3) MOKHA
CHOCTepiraTy HaBITh MPU KIMHATHIN TeMIepaTypi.
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Puc.4. 3anexnicts noteHmiany ['i60ca (Ha
OJIMH MOJIb) BiJl KOHLIEHTpALlii HIKEI0 Npu
ot [+ L] Y] oS Qe a7 1] (1] 800 K_

KoHueHTpauia Hikenwo

BigmoBimHo mo nmaHmx JoKepena [4] sBUIA KOHTAKTHOTO TUIABJICHHS B3araji HeE
CIIOCTEPIra€ThCsi, MPO IO CBIAYUTH MPOXOPKEHHS KPUBOI PLAKOTO PO3YMHY HAJl KPUBOIO
TBEpAOro po3uuHy npu remmneparypax Buuux 900 K (nus. puc. 4).

Po3paxyHok meractadiibHuX ¢a30BUX Aiarpam:
BuxopucTtoByroun npaBuiio CijibHOI JOTHYHOT,

0g,(c,) _ 985(cy)

2

oc,, ocy
(1)
aga(ca) — gﬂ(cﬂ)_ga(ca)
oc,, Cp—C,

Oynu moOynoBaHI MeTacTaOUThbHI(HA PAaHHIX CTaaiAX BCl iHTEpMeTamiaHl (ga3u KIHETUYHO
MpUrHiyeHi) ¢azosi aiarpamu:
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Puc. 7. MeracrabuibHa (a3oBa niarpama Ni-Al 3a ymMOBU IpUTHIYEHHS BCIX
iHTepMeTaniiHuX (a3 (oTpuMaHa 3rifHO JaHuX [3]).
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Puc. 8. MeracrabuibHa (a3oBa niarpama Ni-Al 3a yMOBU IpUTHIYEHHS BCIX
iHTepMeTaniiHuX (a3 (oTpuMaHa 3rifHO JaHuX [4]).

Po3paxyHok cTUMY.1iB 3ap0OIKOYTBOPEHHS HACTYIHOI (pa3u:

Ha namy aymKy, MajoiMOBIPHO CIOCTEpIraTh KOHTAKTHE IJIABJIEHHS MpPU KIMHATHIN
temreparypl. Toai sk npu Temneparypax Onuspkux 10 700 K sBHIEe KOHTaKTHOTO
IUIaBJIEHHS Moke BiaOyBaTuch. Y pesynbrarax @. bapaca 1 O. I[onitano [7] Oyno nmoMideHo
3HIKEHHS TEMITepaTypH TUIABJICHHS ATFOMIHIIO TIPU JI0aBaHH1 0 HhOTO Hikenmto. Hamu Oyro
BUpIILIEHO NEPEeBIpUTH sKa Jpyra ¢(aza MOBUMHHA BUHHUKHYTH 13 HIKEJIb-aJIIOMIHIEBOTO
PO34HHY, MicJs HOBHOTO BUYEPIAHHS AJIFOMIHIIO (KU KOMIOHEHT Oy/e BUUEPIIaHUM, a IKUI
Hi, 3aJI©KUTh B IMOYATKOBOi cTexiomerpii). BukopucroByrounm pesynbTaTH, OTpUMaHi 13
mxepen [1, 2], MU 3HalIUIM CTUMYJIM 3apOJIKOYTBOPEHHS JJIsl BCIX IHTepMeTaliiHuX ¢a3 13
PIIKOTO PO3YUHY.
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Puc. 9. Crumynu 3aponkoyrsopenHs (/x/mons) Bin Temneparypu K.

3rifHO OTPUMaHUX JaHUX, CTUMYJI 3apOJAKOYTBOpEHHs Halouibmuii g dasu NiAl npu
temmneparypi nopsanky 725 K (3rimno manux [1], auB. puc. 9A), 1 temneparypi nopsaky 650 K
(3rimHo manux [2], auB. puc. 9b). L1 pe3ynpTaTi KOPENIOIOTH 13 Pe3yJIbTaTaMH JIOCTIKCHHS
[5]. V crarti [7] 13 MONEKYISIPHO-TUHAMIYHOTO JOCHIUKEHHS JaHOi CHUCTEMHU TaKOX
croctepiraeTbecsi yrBopeHHs ¢aszu NiAl Ha HIKeIeBid MiIKIaA 13 piAKoro 4u amop@HOro
PO3YHHY.

BucHoBku

BuxopucTtoByroun AaHi KOKHOTO Jpkepena Oynu moOynoBaHi mMeTacTaOulbHI (a3oBi
niarpamu B cuctemi Ni-Al. ['pyHTylouMCh Ha TinoTe31 MPO MOMKIUBICTH KOHTAKTHOI'O
iaBieHHs B cuctemi Ni-Al MU mpoBeiu MOPIBHSUIbHI TEPMOJMHAMIYHI OLIHKU. 3TiAHO
mwkepen [1, 2], y gaHiii cHCTeM1 MOKHA CIIOCTEPIraTy SIBUIE KOHTAKTHOTO TUTABJICHHS IMPHU
700 ta 625 K BiAnoBigHO.

3rigHo [3], piakui HiKeIb-aTIOMIHIEBUN PO3YMH MOKE ICHYBaTH HaBITh MPU KIMHATHUX
TeMIieparypax.

BiamoBinHo 1o [4] siBuIE KOHTAKTHOTO TUIABJICHHS B3arajii He BimOyBaeThcs. [lpum
LbOMY IUIaBJICHHS aJIIOMIHII0 po3nodyrHaeThes npu 933 K, npo 110 CBIAUNTE MEPETUH KPUBUX
PIAKOTO 1 TBEPOTO PO3YHHY 32 JAHOT TEMIIEpPaTypH.

Taka cyTTeBa pi3HHMIS MK pe3yJabTaTamu, Kl JaioTh Jukepena [1-3] ta [4] BukiaukaHa
THUM, IO BCl TEPMOJMHAMIYHI JaH1 «ITATAHSIUC» i NOTPiMHY (a3zoBy miarpamy [4], Tomi
K JIaH1 IePIIUX TPHOX JKEpeNl «IiAransaucsa» mig 6iHapHy aiarpamy crany Ni-Al.

Crnuparourch Ha jxepena [1, 2] Ha OCHOBI IpaBuWiia HapajelibHUX JOTUYHUX OyiH
3HAMACHI CTUMYJIM 3apOJKOYTBOPEHHS HACTYNMHOI ¢a3u 3 PIIKOTO HIKEIb-aIIOMIHIEBOTO
PO3YHHY.

Pesynbrary, ski Oynu OTpuMaHi Ha OCHOBI IIUX JIKEPEJ JOCUTh HEMOTaHO CIIBIAJA0Th.
3rifHO LUX JAHUX, 13 PIIKOrO pO34uHy Apyror Mae 3’sButucsa ¢aza NiAl. Sxmo usg ¢aza
Oyne KIHETHYHO TPUTHIYCHOI0, TO Apyroto hasow mae 3’sButucs Gpasa AL NI, | gxmo i na

¢daza Oyne MpUTHIYEHOIO, TO APYrol0 Ma€ BHHUKHYTH ¢aza Ni; Al naxwe, JIPYro Mae
BUHUKHYTH (a3za ALNE

IMoasiku
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ABTop BasuHuil npodecopy ['ycaky A.M. 3a mocTaHOBKY 3a/1a4l, KOHCYJIbTAIl 1] Yyac
il po3B’s13aHHS Ta OOrOBOPEHHS PE3yJIbTaTIB.
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Annoranusi. O.M. Poimap. Cpaenenue mepmoouHamuieckux oyeHoxk cucmemol Ni-
Al na pannux cmaouax 3apooviueobpaszoeanusn. B pabome npedcmasieHvl pe3yibmamol
Ghenomenono2uyecKo20 MOOETUPOBAHUS HAIUYUS UTU OMCYMCMEUS KOHMAKMHO20 NIA6IeHUS
6 cucmeme Ni-Al memooom Calphad. [locmpoenvi 3aeucumocmu mepmoOUHAMUYECKO2O
nomenyuana 1'ubbca om KoHyeHmpayuu 00HO20 U3 KOMHOHEHmog cucmemvl. [locmpoennvle
MemacmadunbHvle azosvie OUazpammol Osl HCUOKO20 U MEEPO020 HUKENb-ANIOMUHUEBO20
pacmeopa 6 npeonoLOHCEHUU, YMO HA PAHHUX CIAOUSX 8CE OCMANbHble UHIMEPMEMALIUOHbIe
¢asel nooasnenvl. Ha ocHose npasuna napanienvmbiX KacamelbHbIX HAUOEHbl CMUMYJbl
3apoovieodpa308anus UHMEPMEMALIUOHbIX a3 u3 #cuokoeo pacmeopa. Ilpu smom
CUUMANoch, 4mo UHMEPMemaniuobl B03HUKAIOM NO MEXAHU3MY B6blOeleHUsl U3 HCUOKO2O
pacmeopa.
KiroueBbie ciaoBa: Calphad, meracrabunbHas Qa3oBas auarpaMma, KOHTaKTHOE
TUTABJICHHUE, CTHMYJT 3apOIBIIIICO0pa30BaHNs, IPABHIIIO IMAPAIIICIIBHBIX KacaTeIbHBIX.

Summary. O. M. Rymar. Comparison of the thermodunamic assesstments of the Ni-
Al system at the initial stage of nucleation. The paper presents the comparative results of the
phenomenological modeling of the presence or absence of contact melting in the Ni-Al system
using the Calphad method. Curves of the Gibbs thermodynamic potential versus nickel
concentration were constructed.

Today the nickel-aluminum system has found a remarkably wide application in the
study of SHS phenomena. It was found that the method of preparation of thin films (flow
velocity, its density, temperature of substrate) thickness of the multilayers and their period
affects on velocity of the front combustion, temperature and phase composition. At isothermal
reactions in this system the order of formation equilibrium phases with increase in the share
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of nickel are often observed (Al,Ni ... Ni,Al). Knowing the order of phase formation we can

predict the physical properties of thin films. Investigating of the Ni-Al system by Calphad
method it was observed that the use of different articles from thermodynamic evaluation of
this system gives quite different results: according to sources [1], [2], [3], we can observe the
phenomenon of contact melting even at room temperature, and on the results of the source [4]
it is absent. It is considered that the oxide film on the surface of nickel and aluminum are
absent. The difference in results is not in the mathematical model that describes the
thermodynamics of the process (they are the same), but in adjustable the data that contribute
excess to the Gibbs energy (which is associated with account imperfection of lattice).

By the molecular-dynamic research of the F. Baras and O. Politano it was found that
the addition of nickel to pure aluminum reduces the melting point of the latter. According to
the thermodynamic data [1] the melting temperature of the solution is approximately equal to
700 K, while pure aluminum melts at 933 K. According to this fact, we can assume that even
at the stage of preparation of thin films by different methods liquid layer can exists from the
beginning on the contact of nickel-aluminum pair.

Using data from each source a metastable phase diagrams were built for the
comparison with each other. Based on the parallel tangents rules, the driving forces of
intermetallic compounds nucleation from liquid nickel-aluminum solution were found. It was
assumed that the intermetallic compounds appear by the mechanism of precipitation from the
liquid solution.

Keywords: Calphad, metastable phase diagram, contact melting, driving force of the
nucleation, parallel tangents rule.
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