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MIKPOCKOMIYHAKIHETUKANMEPUTEKTUYHOIO
NMEPETBOPEHHA B NNIFTATYPHUX CIMNJTABAX AL-W

Mema pobomu. /[ocrioumu ocobaus0cmi MiKpOCKONIYHOI KiHemuKy nepumexmuiHo20 nepemeopeHHsl 8 iicaimypHux
cnaasax cucmemu Al-W.

Memoou oocnioxncennn. Mikpockoniynuii ananiz spaskie na cgimaogomy (Jenaphot 2000 gpipmu Carl Zeiss) ma
pacmpogomy enekmpornomy (POM-106H1 ¢ipmu Selmi) mixpockonax, penmeeHocnekmpanbHuti MIKpOAHAI3
PO3N00LNY KOHYEeHmpayiil eleMeHmie Midic (hazo8umu CKIa0osumu, penmeenogazosuti ananiz (Ougpaxmomemp Rigaku
Ultima 1V).

Ompumani pesynomamu. I[loxazano, wo amomMHOMY PO3UUHEHHIO 80IbPPAMY 6 PIOKOMY ATIOMIHIIO nepedye
pebindepiecvke 30a2auenHs MIdC3ePeHHUX ZPAHUYL 80TbHPAMY AMOMAMU ATIOMIHIIO 3 YIMBOPEHHAM NPOMINCHOL

e-abo C - ¢hasu ma nacmynnum pagpminecom 601bGpamoso2o Kpucmary 6 piokii (azi. AHAI02IYHO POZHUHAIOMbC |
OeHOPUMHI KPUCMATU € - MA THUUX RPOMIJICHUX (A3, WO YMBOPUTUC NPU 83AEMOOIT 801bhpamy ma pioko2o antoMiHiI
1O KACKAOY NepUumeKmudHux peaKyii.

Haykoea noeusna. Memooom ananizy 10KAnIbHUX OUQY3ZIUHUX NOMOKI6 AmMOMI8 KOMHOHEHMI8 6CMAHOGIEHO

YmeopenHs pioko gaznoeo npowapky Ha epanuyi /W (abo C/W) 3a Oudy3itiHum MexaHizMoM NOKATbHO2O0
KOHMAKMHO20 NIAGNEHHS.

Ilocmanoexa 3agoanns. Memoro pobomu € ymoyHeHHs: (PeHOMEHOIOTHHOT Meopii NnepUMeKmuiH020 nepemeopeHH s
Memodom 00CniOdcerHs 0cobausocmeti MiKpoCKoniuHoi Kinemuxu 6 cnaaeax Al-W, ¢ saxux amominiil idiepae pois
NOBEPXHEBO-AKMUBHO20 €1CMEHNY.

Ilpaxmuuna yinnicme. Busenenns pioko ghasHux npouwaprie mixc &

ma W pasamu ymeoproe po3euneHy KaniiapHy cucmemy J0KAIbHUX Oughy3itinux nomoxie amomis Al, axi ckeposani
00 epanuyi 3 gonvgpamom. Lle niosuwiye weuoKicms nepumexmuyHo20 nepemeoperHs 601b@dpamy, NOKpaugye
MAKpPOCKONIYHY OOHOPIOHICMb JI2AMYPHO20 CHILABY, 3MEHULYE BUCOKOMEMNEPAMYPHE SUNAPOSYBAHHS WIIOMIHIIO 6
npoOCMOpI 8aKYYMHOI neui, SMEeHULYE eHep2emUyHi GUMPAmU Ha MeXHOJ02IYHUL nPoYec.

Knwuogi crosa: cnnasu Al-W, nepumexmuune nepemeopenHst, MiKpOCKONIYHA KIHEMuKd, papmine, 10KaIbHi

Oughy3itiHi LOMOK, KOHMAKMHeE NIAAGIeHHS.

IocTanoBka npoGieMu

[pu BUTOTOBIICHH] )KapOCTIHKNX METaJICBHX CIDIAaBiB Ha
ocHOBi cuctemu Ti-Al-W BUHHKArOTh TEXHONOT19HI TPYII-
HOIII, SIKi 00yMOBJIEH] BEJIMKOO Pi3HHUIICIO (hi3UIHHX BIIac-
THUBOCTEH KOMIIOHEHTIB CIDTaBiB (TA0II. 1).

Taomuus 1 — J{esxi Qi3udHi BIaCTHBOCTI KOMIIOHEHTIB

Brnactusicts W Al
[TMTOMA WIBHICTD, T/cM’ 19,25 | 2,699
Temneparypa miasieHHs, rpaa. C 3422 660
Temmneparypa kuminss, rpazx. C 5555 2518
Temonposinnicts (300 K), Br/(M*K) | 162,8 237

PizHuIs B TeMnepatypi ITaBieHAS CIPUIHUHSE iHTEH-
CHBHE BHIIapPOBYBAHHS JICTKOIUIABKOTO KOMITOHEHTY — Al
IIPU TEeMIIepaTypi PO3YMHEHHS BOIBPpPaMy B PiAKOMY
aMIOMiHi1 B BAKYYMHIH I1edi, a pi3HAI B ITATOMiH IITFHOCTI
KOMIIOHEHTIB PH3BOAUTb 10 IIBUJIKOI CEIMMEHTAi | BOJIb-
(paMoOBOi CKIIAJ0BOI IIMXTH HABITH IIPH ITOPOIIKOBOMY
METO/Ii IIPUTOTYBAHHS IIMXTOBUX OPUKETIB.
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3acTocyBaHHS MEXaHIYHOTO JIeryBaHHA [ 1 | Tex 1oB’ -
3aHO 3 BEJHKOKO 3aTPATO0 YaCOBHMX 1 EHEPreTUYHUX pe-
CypciB.

Taxum 9uHOM 1151 3a1100iTaHHS BUIIAPOBYBAHHS CIIiJT
BHUTOTOBJIATH JITaTypH, SKi B MOJATBIIOMY OyIyTh BBOIH-
THCS B PO3IUIAB ISl HAJAHHS CIDIaBY IIEBHUX BIaCTHBOC-
Tel.

AHAaJII3 OCTAHHIX J0CTITKEHb

3rimHo 3 miTeparypHUMH JaHUMU, cucteMa Al-W e Mao
TTOCTiIKEeHa, a MiKPOCKOITIYHA KiHETHKA CTPYKTypPOyTBO-
PEHHA B3araii He 1ociimkeHa. Tomy mpobiaema ToCiimKeH-
HS CTPYKTYPOYTBOpEHHS B ciutaBax Al-W € akTyaibHORO.

3araabHi BizoMocTi mpo TepMoAMHAMIYHY
cucremy Al-W

B ¢pynnamenranpHiii pobori [2] B cucremi Al-W mnoka-
3aHo icHyBaHHs crionyk Al , W, ALW, AL W, ALW, AL W,
AL W, i yTBOPIOIOTBCS 10 TIEPUTEKTUMHUX PEAKIIISAX IPH
Temrmepatypax awk4ae 697, 870, 1327, 1344, 1420, 1650 °C,
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BinmoBigHO. [eHe3nc mpomikHUX (a3 A13W, A17W3 BCTa-
HoBeHuH npuoamsHo. Cromyku AL W, AL W, AL W 3a3-
HAIOTh €BTEKTOIMHOTO PO3Maay MPH TeMIepaTypi HIHKUIE
1300 °C, 1317 °C, 1335 °C Bignosiano. [1pu TemnepaTypi
Hmxge 660,5 °© C Mae Micie MEpUTEKTUIHA PEAKIIis
L+Al W — (Al).

B po6ori [2] BcTaHOBIIEHO, 110 TPOMIiXKHI (pa3u MArOTh
He (hiIKCOBaHMM CKJIal, @ BUSBIIIOTH ITOMITHI 00J1acTi TOMo-

reHHocTi (puc. 1).

TemnepaTypHO-KOHIIEHTpALli{HI 1HTEpBaJd TOMOTEH-
HOCTI IPOMDKHHKX (ha3 Ta iX piBHOBa)KHI KOHIIEHTpaii B
BIATIOBIZTHUX TpH(ha3HUX PIBHOBAraX MEPUTEKTHIHOIO THITY
HaBeIEHO B Ta0IIL. 2.

3adixcoBaHO TakoX TpH TpU(a3HI piBHOBArd €BTEK-
TOIHOTO THITY — Ta0J1. 3.

Weight Percent Tungsten
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Puc. 1. diarpama ¢a3zoBux piBHOBar B cuctemi Al-W [2]

Taomuus 2 — [epurekTiyHi piBHOBaru B cucremi Al-W

PiBHOBaXkHA ..
) TemnepaTypHuil iHTEpBaN .
®daza Innexc KOHLEHTpaLlls, . . Tpucazna piBHOBara
craburpHOCTI (hasu, °C
Mmac.% W
ALW 0 71,7 1652-1336 L+ (W) oALW
AlW; n 73,3 1422-1318 L+ ALW—ALW,
Al Wo; € 66,7 1345-1302 L+ ALLW3-Al;Wys
AW € 62,7 1327-600* L+ Al;;WyAW
AlsW ) 57,3 871-600* L+ AyWeALW
A112W Y 36 697-600* L+ A15W<—>A112W

Ipumimka. *— HudicHa memnepamypua epanuys 00CIiONCceHHs Pa3z06oi diaspamu.

Taomuusa 3 — EBrexroinni piBHOBaru B cucremi Al-W [3]

.. . PiBHoBaxxna
EBrexToinna piBHOBara o
Temmnepatypa, °C
A17W3<—>W + Al77W23 1318
Al77W234—>W+A1(8) 1302
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Marepiayiu i MeTognKa 0CTiKeHb

JI71s1 IMUXTOBKY CIIaBiB BUKOPHUCTOBYBAIH aJTFOMiHIH
nopomkoBuit ACH 4 (Bmict Al 98,6 %, xpynHicTh
20-40 mxm) Ta Bonb(hpam noporukoswii [1B 1 99,9 %. B okpe-
MUX eKCIIepUMEHTaX 3aCTOCOBYBAIIM antoMiHiil AB aymrmko-
BUIA Ta BONB(pam JTUCcTOBHUIA. [TOpOIIKi KOMIIOHEHTIB 3MiIITy-
BaIA B €KCIICHTPUYHOMY 3MIIIyBa4i, KOMITAKTYBAaJIA Ha
TigpaBIigHOMY Tipeci. OTprMaHi OpUKETH ITepeTNTaBILUTH B
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nabopaTopHii BakyyMHiii enekrpoayrosii meui BAIT-1M
(moryxHicTb 1yrut 7 KBA) 3 HeBUTpaTHUM BOJIB(GPAMOBHM
eJIeKTposioM. TpuMau eeKTpomy, CTIHKM Ta JIBEpIi Iedi
MaJT{ BOJISTHE OXOJIOKEHHS 3 He3aJIeKHOIO IT0aYeto BOMIH.
PoGounii mpocTip medi Tpudi Bimkauysamu 10 Tucky 1072 I1a
3 HACTYITHOIO TIPOJTYBKOIO OYHMILIEHIM apTOHOM, ITIiCIISl YOTO
JUTSI BUIAIEHHS 3 aTMOC(EpH aproHy 3aJIMIIKOBUX Ta30BHX
JIOMIIIIOK 3aCTOCOBYBAJIM T'eTep 3 PO3ILIaBY I'y0UaToro TH-
TaHy. [ I1aBKy MpoBOAMIIH HA BOIOOXOJIO/DKYBAHOMY Mi THO-
MY TIOJTi B HATTi BIMUTIHIIPUYHIX YOBHHUKAX.

[TigroroBKy 3pa3skiB 111 MeTaIOrpadhiTHOTO JOCIiJHKEH-
HS TIPOBOJIMIIM HA IILTihyBaIEHO-TIONI pyBaIbHOMY 00J1a -
HauHi ¢ipmu Buehler (Himeuunna). MikpocTpyKTypy
CIUIaBIB JOCIIKYBaJIM HA CBITJIOBOMY Mikpockomi Jenaphot
2000 ¢ipmu Carl Zeiss.

EsteKTpOoHHO-MiKpOCKOIIIYHI TOCIi IPKEHHS IPOBOIHIIH
Ha pacTpOBOMY EJIEKTPOHHOMY Mikpockori POM-1061
¢ipmu Selmi (YkpaiHa) 3 eHeproauciepciiHuM peHTreHiB-
CBKUM MikpoaHaizaropoM IJAP. JIns miaBuIieHHs TOY-
HOCTI BH3HAUEHHS XIMIYHOTO CKJIa/Jly BUKOPHCTOBYBAJIH
JTOJJATKOBY KaJliOPOBKY CHCTEMHU €HEPTOIHUCIICPCIHHOTO
criekrpomerpa 1o eranonam 100 % amrominiro i 100 % Bob-
hpamy.

Pentrenodazosuii anai3 CIuaBiB MpoBOIM HA 2 O / O
madpaxromerpi Rigaku Ultima IV, o npartioas B pexumi

l.¥vou wD=161mm

darfin Mpagka CWcTeMa PaseepTka Buaeokadan Bua 2

6esnepepBHOro ckanyanus mpu 30 kB, 30 MA; IIBUAKICTE
ckaHyBaHHsA 2 rpaj/ xB; niarma3od 30—100 rpam.

Pe3ysbTaTi AocaiqKeHD Ta iX 00r0BOpeHHs

HocmimkyBanu crmasu Al-W 3 muxToBuM ckiaaaom 12
Ta 30 Mac. % W. IIponec rmiaBku NpoBOAUIN HE A0 IOBHO-
TO BUPIBHIOBaHHS KOHIIEHTPAIIi] 110 BCbOMY 00’ €MY 3JI1B-
Ka, a IepepyuBaIH MicIsl TPHKPATHOT'O ITPOXOKEHHS YT H
10 BCHOMY JA3epKairy po3iuiaBy. IlomepenHi ekcriepumMen-
TH ITOKa3aJIH, 1110 TAKUH PEXIM IUIaBKU 3a0€31euyBaB Ipo-
XOKEHHS 2—3 NEPUTEKTUYHHUX NIEPETBOPEHDb BUCOKOTEM-
nepaTypHoOi YaCTHHY ITEPUTEKTUIHOTO KaCKay.

OCKIJIBKH pO3IUIaB B Iepediry IUIaBKN YTPUMYBAIN Y
BOJIOOXOJIO/DKYBAaHOMY MiTHOMY YOBHHKY, TO II0 TIEpEpPi3y
37IMBKY BCTQHOBITIOBABCS [IEBHUI TEMITEPATypHHH IPAIi€HT,
a caMme TeMIeparypa JOHHOI 30HHM Oyila MeHIIe, HiK Ha
I3epkaiti po3ruiasy. Le 00yMOBHIIO TEBHY Pi3HHUIIFO MiKpO-
CTPYKTYp 1 (pa30BOTO CKIAy.

MiKpocTpyKTypa Ta PO3MOIiJI KOHIEHTPAIii KOMIIO-
HEHTIB MiX (pa3aMM HIDKHIX IIapiB CIUIaBy HA TPaHUII 3
MacHBHOIO TUTACTHHOIO BOJIb(paMy MokazaHa Ha puc. 2.
da3zaMu Ha OCHOBI aJTIOMIHIIO € TEMHI 00JIACTi 1 HABIAKH,
CBITITi 001acTi — )a3u Ha OCHOBI BONb(pamy.

Po3nozin koHIeHTpalliif KOMIIOHEHTIB MiX (a3aMu Ha-
BEJICHO B Ta0. 4.

=101 x|

[Z] = 123 |m| oo =] =0+

[T 0]
r1r2f—3"4||Fncus =0.51

Puc. 2. MikpocTpykTypa Ta (Ga3oBHil CKIaJ HWKHIX IIapiB 3IUBKY. PacTpoBa eNeKTpOHHA MIKPOCKOITisS

Taouuus 4 — Po3nozinn KOHIEHTpamii MiXK CTPYKTYPHAMH CKIIanoBuMu, W, % ar.

NoNe touku / 1 2 3 4 6 7
eneMeHT / daza
Al 0 80,123 78,558 80,777 80,128 80,993 80,413
w 100 19,827 21,442 19,223 19,872 19,007 19,587
daza AW A14W A14W A14W A14W A14W A14W
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Sk cBiguuTh pHc. 2 Ta Tabi. 4 Ha TOBEPXHI PO3/ALTY KpH-
CTaJITy BONB(paMy 3 PIAKAM AITIOMIHIEM YTBOPIOIOTHCS
ICHAPUTHU IHTEpMETAIiTHOT (Qa3u A14W o peaxiii
Al +W —AIl,W. Pigxuii amominifl mocTymae B peakiiiny
30HY IO MPOMIXKKaM MIiX TiJIKaMH JCHIPHUTY. Aye Ha
BiIMiHY BiJl K)TACHYHHX JICHIPUTIB, SIKi BPOCTAIOTh B PO3II-
JIaB KPasMH T'iJIOHOK, picT nenaputis Al, W okarizopanuit
B [TOBEPXHi KOHTAKTY 3 BONb(ppaMoM. TakuM YMHOM JeH -
PUT BUIIPECOBYE cebe B piako Ga3Hy 30HY. [To Mipi mpocy-
BaHHsI IGHJPHTY SIK IIJIOT0, MOYKHA CIIOCTEpiraTu )parMes-
Tallio Horo riiok, ae ¢popMa orpaHk pparMeHTiB He 3a-
JISKHUTH BiJ BiJCTaHi Ta Bix (GpoHTY neperBopenHs. Lle 3

Taomauus 5 — Pe3ynsratn peHTreH0]a30BoOro anaizy

ypaxyBaHHSIM AaHUX TaOl. 4 JONaTKOBO CBIMYHTH ITPO
HE3MiHHICTb ()a30BOT0 CKIIay MPOIYKTiB (pasoBoro nepe-
TBOPEHHSI B I1iH{ 30Hi.

PesynsraTi peHTreHoda30Boro aHami3y MopomKoBo-
ro BapianTy crutaBy Al-12 % (mac.) W micis nepmioi craii
MIEPUTEKTHYHOTO IIEPETBOPEHHS HABEIEHO B Ta0I. 5—7.

CriBBiTHOIIEHHS (ha30BUX CKJIA/IOBHX 32 PE3YIIBTaTaMu
PpeHTreR0(a30BOro aHasi3y CTaHOBHTH (%0); Al—66,0; Al W—34.

MikpocTpyKTypa Ta po3IOoALT KOHIEHTPALII] CTPYKTYp-
HMX CKJIaJIOBUX OBEPXHEBUX 1IapiB crutaBy Al — 12 % (mac.)
W NpUHIMIIOBO BiPi3HAETHCS Bil TAKMX CAMHX XapakTe-
PHCTHK IPHIOHHUX IIapiB — puc. 3.

Ne 2- theta (deg) d (ang.) (CII)Islt(.ifl:g) Int. W (deg) Phase name
1 22.80(3) 3.897(5) 37.0(11) 0.53(7) Aluminum Tungsten(1,1,-1)
2 26.79(9) 3.325(11) 21.3(18) 1.03) Aluminum Tungsten(0,4,1)
3 30.68(9) 2.912(8) 11.9(14) 0.8(3) Aluminum Tungsten(0,6,0)
4 34.85(10) 2.572(7) 4.9(8) 0.6(3) Aluminum Tungsten(2,0,0)
5 38.625(6) 2.3291(4) 123(3) 0.159(9) Aluminium(1,1,1)
6 40.53(3) 2.2240(16) 65(4) 0.57(9) Aluminum Tungsten(2,4,0)
7 42.15(8) 2.142(4) 40(4) 1.2(3) Aluminum Tungsten(2,4,-1)
8 44.866(5) 2.0185(2) 108.2(19) 0.189(10) ?&g;gﬁg?g%o) Aluminum
9 46.6075 1.94709 3.19239 0.302302 Aluminum Tungsten(2,2,-2)
10 | 47.9861 1.89433 1.87426 0.304267 Aluminum Tungsten(2,6,-1)
11 | 523649 1.74575 2.21976 0.310706 Aluminum Tungsten(2,6,1)
12 | 53.5812 1.70896 3.21704 0.312541 Aluminum Tungsten(3,1,-1)
13 | 54.6354 1.67845 3.14621 0.314146 Aluminum Tungsten(2,8,0)
14 | 555274 1.65358 4.1636 0.315513 Aluminum Tungsten(3,3,-1)
15 58.47(10) 1.577(2) 6.5(15) 0.5(2) Aluminum Tungsten(2,4,2), Unknown
16 | 59.9062 1.54275 4.68196 0.322331 Aluminum Tungsten(3,5,0)
17 | 62.0957 1.49351 4.01943 0.325788 Aluminum Tungsten(3,3,1)
18 64.01(2) 1.4533(4) 3.7(6) 0.17(6) Aluminum Tungsten(1,11,1)
19 | 65.223(13) 1.4293(2) 38.4(13) 0.23(2) ?ifg:‘;ﬁg(gzz)o) Aluminum
20 | 73.29(17) 1.291(3) 18.3(15) 1.6(6) Aluminum Tungsten(4,0,-1)
21 | 78.350(7) 1.21939(10) 41.6(12) 0.209(19) ?iiggl‘l‘(“f(ga)l) Aluminum
22 | 82.51(3) 1.1681(3) 13.8(8) 0.27(5) Aluminium(2,2,2)
23 | 86.97(3) 1.1193(3) 8.1(8) 0.54(18) Aluminum Tungsten(3,11,1)
24 | 99.16(2) 1.01177(19) 8.3(8) 0.24(6) Aluminium(4,0,0), Unknown
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Tadauus 6 — [Tapamerpu KprCTaNiYHUX PELIiTOK (pa30BHX CKIanoBuX craBy Al-12 % (mac.) W micns nepmroi crazii
MIEPUTEKTUIHOTO IEPETBOPEHHS

Phase Alpha Beta Gamma V(A"3)
name a(A) b (A) c(A) (deg) (deg) (deg)

Al 4,04746 4,04746 4,04746 90,000 90,000 90,000 66,305
Al4W 5,254(2) 17,752(9) 5,222(2) 90,000 100,223 90,000 479,3

Puc. 3. IIponukHenns aromiB Al o rpanunsM 3eper W (6ina ¢asa) 3 yrBopeHHsM cipoi TBepaoi ¢as3u (a); HOCIiToBHICT (a30BHUX
obnacreit B pagy W — Al,,W,3 — ALW — ALLW — Al (6)

Cynstan 3 prc. 3a, BIepe0iry BUTpUMKA BUX1IHOT IIIHX-
TH IIpU TeMIIepaTypi moBepxHi posmrasy 1300 +£10 °C, Bu-
HUKa€ iHTeHcuBHA u(y3ist atomiB Al 1o Mi>k3epeHHIM Tpa-
HULEIM W 3 yTBOpEeHHAM NpoMikHOI € - dasu. IIpo inTeH-
CHBHICTB 3€pHOTPaHUYIHOL TN(Y3ii CBIAYUTE TOH (PaKT, o
BOHA OXOILTIOE JIEKINTbKa PSAIIB 3epeH BoIb(hpaMy Ha Tpa-
HUIII 3 piakoro (azoro. Taky BUCOKY mudy3iitHy pyXOMiCTh
MO)KHa TIOSICHUTH THM, IO TEMIIepaTypa CIUIaBy IepeBH-
IIye TeMIepaTypy IDIaBICHHS alfOMiHi0 OLTBII, HiX Ha
600 °C.

[IpuBepTac yBary, o YMciIeHi BUMipIOBAHHS KOHIICHT-
paii Al B 30Hax, ITI0 BiATIOBITAFOTh PiaKil (a3i Ha TpaHUII 3
TBEpINMH, HE3MIHHO 1moKa3yroTs 100 % Al, mo cBigunts
TIPO BiJCYTHICTh PSIMOTO PO3YMHEHHS BOIB(PpaMy B piIKo-
My aJIFOMiHii BHACITIIOK MaJIOi XiMi9HOT aKTHUBHOCTI aTOMIB
W 3a romonorianoi Temniepatypu 7= 1300°C=0,38 T/ W.

Ha rpanunmi pigkoro ainroMiHIIO 3 TPOMIXKHOIO (a30r0
BimOyBaeThCs (PparMeHTaIlisl KPUCTAIIB IPOMIXKHOI (pa3w —
puc. 3a. ITociToBHICTH (pa30BUX MEPEXOiB IMOKa3aHa HA
puc. 36. ATOMH aTIOMiHI0 JU(YHIYIOTH [0 MiXK3epEHHUM
TpaHUIAM IPOMDKHIX (a3 i pa3oM 3 piIKUM aJTIOMiHIEM
CIIPUYUHSIOTH KaCKaJI IIEPUTEKTHYHNX TIePETBOPEHB 32 CXe-
moro W+ Al->AlL W, + Al 5AlLW + Al 5ALW.

MiKpoCTpyKTypa peaKiiitHoi 30HH TOBEPXHEBUX IIAPiB
XapaKTePU3YETHCS BAYKITHBOIO OCOOIUBICTIO — HASIBHICTIO
pioko ¢a3zHOi MOIOCH Ha TPaHUII 3 BOJIb(pamom

(na puc. 36 omiveHa stk 100 % Al). Lle ve € TpimmHa Ha § /W
iHTepdeiici, ToMmy mo npodinmi 000X MikpopenbediB Ha
BiMOBIqHUX AUIsIHKaX § - Ta W- (a3 He cniBnaaarots. Lle

MOXKE CBIIUHTH, IO piaKo(das3Ha Mmoroca yrBOpuiacs B pe-
3YIIBTATi KOHTAKTHOTO TUTaBJIeHHs. AJie TaKy TiloTe3y Tpe-
0a TOBECTH HA OCHOBI HE3aJIS)KHOTO aHAJi3Y, HAIIPHUKIIA
METOJIOM aHali3y JIOKAJIbHUX AU(y31iHIX MOTOKIB, IO
BHUHHKAIOTH B (PA30BHX CKIIJI0OBUX B HEPIBHOBAKHUX yMO-
Bax [3].

[IpoananizyeMo MIiKpOCKOITI YHY KiHETHKY (ha30BHUX ITe-
PETBOPEHB IPH IBOX XapaKTEPHUX TeMIepaTypax (puc. 4).

Al Wy

Puc. 4. Cxema minsaku $a3osoi miarpamu Al-W
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1. Ilpw narpiBi mMXTH 10 TemnepaTypu 7, almoMiHik
TUIABUTHCA 1 Ha inTepdelici L, /W mounHaeTbes nudysis
aTOMIB aJIIOMIHIIO B KpHucTaniuny ¢azy W. Sk cBirunTh
puc. 3a, HaOLIBII IHTEHCUBHO AJIFOMIHIH JU(YH/Tye 1O 1e-
(beKTHIM 30HaM — MIXK3EpEHHHM T'PaHHIIM 1 CyOrpaHu-
1M (puc. Sa). Ha niarpami (puc. 4) neit nporec BigoOpa-
KAETHCS PyXOM (DIrypaTUBHOI TOYKH IO i30TepMi 7. B BiZ
ToukH 3 KoHneHTpauiero 100 % W Biiso. [1pu npomy crio-
YaTKy YTBOPIOETHCS TBEPAMI PO3UUH (W)SS aTOMIB aJIFOMI-
HiIO B KPUCTATIYHIH PENIiTIi BOIb(Ppamy, a Mpu Iepexoi
(birypaTHBHOI TOUKH Yepe3 JIIHII0 TPaHIIHOI PO3YNHHOCTI
amoMiHiro (Touka 3'") B iBodasny (& + W) oOnactb BUHH-
KaloTh TEPMOJMHAMIYHI YMOBH ISl 3aPODKEHHS 1 POCTY
npoMixkHOL € - ¢asu (puc. 56). TepMonrMHAMIYHUM CTH-
MYJIOM TIporiecy 1udy3ii € HepiBHICTh JIOKAIEHUX PiBHO-
Ba)KHHMX KOHIIEHTpaLii aJIOMiHIIO B € - (ha3i Ha iHTepdei-
cax L,/ (touxa 3" na puc. 4)i/W (touxa 3V): ¢, > ¢,y .

[Npu nonaneoMy HacH4YeHHi € - (ha3u aTroMiHiEM Qiry-
paTHUBHA TOYKA NEPEXOMUTH Yepe3 JIiHII0 rPaHMYHOI PO3-
YUHHOCTI anroMiHiro (Touka 3™) i momamae B aBodasHy
¢+ Lobmacts. Lle 03Havae, 10 B pe3y/Ib6TaTi IEpEeCHIEHHS
¢ - a3 aTomamu anmomiHiro Ha iHTepdeiici & /W yTBo-
proeThes pinka ¢aza, TOOTO MaeMo JIOKaJbHE KOHTAKTHE
IUTABJICHHS (PHC. 56), IO 1 TOTPiOHO OYI10 TOBECTH.

/AJte TIOBHICTIO PO3IUIABUTHCS € - (Da3a HEe BCTUTAE, TOMY
1110, SIK TUTBKY iHTepdeiic € /W miaraBiseTses, TOOTO mmo-
PYIIYETHCS MEXaHITHHUH 3B’ SI30K MiXK ¢ - 1 W- pazamu, crm
KaIlJIIPHOTO THCKY BUTHCKYIOTh 3JIUIIKH € - TPOLIAPKY 3
KIIMHOBHU/THUX IIPOMIXKKIB Mk W- 3epHaM1 B HABKOJTUIITHIH
PO3IUIaB, 10 YTBOPIOE ACHIPUTHI KPUCTANITH paiallbHO
Opi€eHTOBaHI JI0 ITOBEPXHi BOIB(PPaMOBOTo (POHTY, SIK 1€ 1
crioctepiraeTbes Ha puc. 2, 3 Ta Se.

Ha noBOMY iHTep(etici L/W 3HOBY 3apOmKYIOThCA i
POCTYTh POIIAPKH € - (ha3H, 3HOBY I IIPABIIAETHCS IHTEP-
¢eiic £/W (puc. 52) i mporiec MOBTOPrOeThesl. Tak modu-
HA€ TIPAIIOBATH CBOEPI THAN TEPMOIMHAMITHAHN TPHUTEP.

B 1poMy BUSIBIISE€THCS IEBHA aHAJIOTIS 3 POOOTOIO TEp-
MOIUHAMIYHOTO TPHUTepa B Iepediry NepUTEKTHIHOTO T1e-
perBopenns B ciutaBax Fe-C [4], ne nepiomudaHicTs podoTn
Tpurrepa Oyna 3a¢ikcoBaHa Ha MeTanorpadpivHoMy uTidi
Y BUIISITI KOHIIEHTPAYHIX TIPOIIAPKIB TOFipHBOI (Y ) i Ipo-
ITYKTiB PO3MaIy piaKoi (asm.

[pwu aHami31 IPHYUHO-HACTI IKOBUX 3B SI3KiB, IO TIPH-
BOISITH 10 KOHTAKTHOTO TUIaBieHHS Ha &/W iHTepdetici
HEeOoOXiHO BpaxOBYBaTH iCHYBaHHSI MeTacTaOlIbHOI JBO-
(asnoi pisHoBary pu 7= T, B KOHIEHTpaLiHHOMY iHTep-
BajJi MiX TOYKamMu MeracTtabinpHUX W- TiKBimycCy

( c¢(3T11)) iW —cominycy (c| (3TV)) . Taka mokanbHa
piBHOBara MOXke peasi3yBaTUCS SKIIO MO KiHETHIHAM TPH-
YHHAM IIBUAKICTH AnQy3iifHOi mocTtaBku aTtoMiB Al Ha
¢ /W iHTepdeiic Oyne nepeBHUIyBaTH MIBUIKICTh 3aCBOEH-
HS IIAX aTOMIB Ha TOOYIOBY KPUCTAJIYHOI € - PEIIiTKH.
B nromy Bumanky tepmmii posunn (W) _Gyne mepecudy-
Barwrcs atomamu Al 1, ko irypaTiBHA TOUKa 3MiCTUTECS
niime Touku 3Vy Bodasny (W) + L obnacts, Ha &/W
iHTepdetici BUHUKHE piaKo(ha3HMii IPOMIAPOK 3 JIOKATFHOO
PIBHOBa)KHOIO KOHIICHTPAITIERO C; 17 .
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Puc. 5. MikpockorivyHa KiHEeTHKa MEPUTECKTHYHOTO MEPETBO-

penns ipu T = T (a—2) Ta T = T, (0-arc). ToHKi CTpinodku

MOKAa3yIOTh HANPSAM JIOKATbHUX TU(Y3IHHUX TOTOKIB aTOMIB
KOMITOHEHTIB B IaHil (a3i

Aute utst meranizartii i€l anpTepHaTHBY HOTPiOHI Tomat-
KOBI eKCIIEpUMEHTATBHI TOCTi [PKSHHS.

2. Ipoanamnizyemo Terep mporecu (pa30BUX IEPETBO-
PEHb TIpH i30TepMiuHii Butpumi ipu 7'= T, (puc. 4 Ta 5),
sAIKa BUOpaHa TaK, 1o i30TepMa 7, IEpETHHAE TEMIIEPATYp-
HO-KOHIIeHTpalliitHy oonacTts crabinbHOCTI € - da3m.

ITpn mepecnyenni TBepaoro pozuunny (W) aromamu
Al ¢pirypaTriBHa TOUKA IEPEXOIUTH Yepes3 JIHIF0 TPaHUIHOI
pozunHHOCTI amominiro y (W)_- dasi (Touka 2*) i nonanae
B BohasHy G + (W)  obnacts. Lle cTuMyIioe yTBOpeHHs
Ha MDXX3EpEeHHUX TPAHUILIX BONb(paMy IIPOIIapKiB HOBOT

€ - dbasu (puc. 4 1 5a) 3 10KaTBHOIO PIBHOBAYKHOIO KOHIICH-
Tpamieto . [lomanpima nudy3is axroMiHiro 3MiITye Qirypa-
THUBHY TOUKY BIIiBO IT0 IBO(a3Hii 001IacTi giarpamu i, KOmu
BOHA TIEPETUHAE JIHII0 MAKCUMAIIFHOI PO3YNHHOCTI alTto-

Minito B € - ¢asi (touka 2'"), Bona nomajae B [odasHy

(e+ £ )oobnacts. Ha intepdeiici C /W 3apomkyeThes i 3po-
CTa€ MPOIIAPOK HOBOI & - (ha3u 3 JIOKAIHHOIO PIBHOBAXK-



CTPYKTYPOYTBOPEHHS. OMIP PYNHYBAHHIO TA ®13/KO-MEXAHIYHI BIACTUBOCTI

HOIO KOHIIEHTPALIEIO ¢,y — PHC. 56. B 11ilt nBodazHiii 00-
macti W- paza Bxxe € MeTacTabiTbHO0. Pa3oM 3 TiM BONb-
(paM 3HAXONMUTLCA B METACTaOUIbHIN piBHOBa3i L <>(W)_

3 JIOKaJIbHUMH PIBHOBaXKHUMU KOHLEHTpPALIAMHU ha3 ¢,y 1

¢, BiNOBiAHO (puc. 4). Lli 1B 00CTaBUHU CTUMYIIIOIOTh

nepetsopenns (W) _ B crabinbhi pasu (W) — ¢ Ta/abo
(W), — L.

[pu nonaneoMy 30UTBIIEHHT KOHIIEHTPALIIT aTIOMiHIO
¢irypaTHBHa TOYKa 3MIIyeThCs JiBinre Touku 2™ B 1BO-
¢a3ny L + ¢ obnacts. Lle ctumyitoe yTBOpeHHS piakoi
(ha3u 3 JTOKAIBHOO PIBHOBAXHOIO KOHLIEHTPALIEIO Cy; .

Takum 4rHOM B 000X pO3IISTHYTHX BHIIaKaX Ha iHTEp-
deiici W/npomixaa daza (£ abo &) mig Ii€ro JOKaIbHOro
J(y31HHOTO ITOTOKY atoMiB Al peasti3yeThbes JIOKaJIbHE KOH-
TaKTHE IUIABJICHHSI.

B pesynbrari Bce 3epHO OTOUYETHCS PiANHOIO 1 BUTHC-
KYETBCS y PiIKy (ha3y CHiIaMH KaIliJIipHOTO TOBEPXHEBOT'O
Hariary. Taky parMeHTamnito MomiKpHCTaIiYHOI (a3u 3a
noriomororo edexty Pebinzepa iHoai Ha3UBaIOTH padTiH-
TOM (rafting).

@parmeHTaris TBEpIOi a3y Ta nojabIIe il pO3UMHEH-
HS B piAKOMY aJIFOMiHi1 BinOyBaeThes y 2 eranu. Crioyarky
BiJI TBEPAOT0 MOHOJIITY BiJIOKPEMITIOIOTHCS 3epHa (200 iX
koHIoMepatn). [lorim B pesynbrari 1udysii amoMiHio 1Mo
cyO3epeHHNM TpaHHIIM 3epHO (parMeHTye Ha OKpeMmi
cy03epHa, Mibk(a3Ha HOBEpXHsI 0araTopa3oBo 301IBIIYETh-
csl, IO TPUCKOPIOE TPOLEC PO3UMHEHHS BOJIb(ppamy B
CKJIa 1l MPOMIXKHUX (ha3 Ha HOro OCHOBI.

BucHoBku

1. 3naiineHo, mo 6e3nocepeTHe PO3YMHEHHS aTOMiB
Bob(ppamy B pigkomy amomisii mpu 7= 1300 °C BigcyTHE
a00 rpaHNYHO MaJie BHACHIIOK MOl TOMOJIOTiYHOI TeM-
nepatypu Bonsppamy (7=1300°C= 0,38 T W).

2. Tlepmmm eTanom peaxiiii piIKoro aroMiHit0 3 TIOBEPX-
HEFO MO KPUCTAIITHOT O BOJIb(PpaMy € iHTeHCHBHA AUQY3isd
aTOMIB aJFOMiHIIO TI0 MK3epEHHUM TPAHUIM Ta CyOrpa-
HUISIM 3 HACTYITHUM YTBOPEHHSM MPOIIAPKIB ITPOMIXKHOT

¢dazu — ¢ (mpu 7 < 1300 °C) abo & (mpu 7> 1300 °C).
Bucoka xiMiyHa aKTMBHICTH ITOSICHIOETHCSI BUCOKOIO T'OMO-

JIOTIYHOI0 TeMmIepaTyporo amoMinio (7 = 1300 °C =
=1,97T -Al).

3. YTBOpEHHS B mpoMixkHii (a3i (& abo C ) aBOX iHTEp-

deiiciB (/L Ta /W abo C/LTa /W) cnpuyuHse Bu-

HUKHEHHS PI3HUX JIOKAJIbHUX PIBHOBAYKHUX KOHIIEHTPALIIH
aTOMiB KOMITOHEHTIB B JlaHii (ha3i Ha pi3HUX iHTEpdelicax.
I'panienTn KOHIEHTpALlil BUCTYITAIOTh SIK TEPMOANHAMIYHA
py1IiiiHa cuita JTOKaIBHUX AU(Y31HHIX OTOKIB ATOMIB aJIo-
MIHIFO BiJT PiJIKOTO aJTFOMIHIFO Yepe3 IPOMKHY a3y 10 BOb-
¢dpamy, a aToMiB BOIb(ppamMy — B 3BOPOTHOMY HaIIpSIMKY.

4. Ilepecuuenns anmoMiHieM ¢ - ¢a3u Ha &/W iHTEp-

¢etici (mpu 7T< 1300 °C) cnpuuuHsie nosiBy piaxoi $hasu, a
€ - pasuna &/W intepeiici (mpu 7> 1300 °C) —3apon-
KEHH 1 picT ¢ - (ha3u i popMyBaHHS HOBOTO iHTEp(eHCy
¢ /W, Ha sIKOMY 3HOBY NOUYHMHAETHCSI KOHTAKTHE TIJIaBJICH-
HSL

5. Ilicns KOHTAKTHOTO TUIABJICHHS Ha iHTepdeiici L/W
3HOBY 3apOIKYEThCSl POMiKHA (hasza i cucrema IoBTO-
pIOE TMepIIni NUKJI epeTBOpeHb. BuHMKae cBOEpiTHAMN
TEpMOIMHAMIYHHUH TPHUTEP.

6. IlosiBa piIKOTO TNPOIIAPKY MOPYIIYE MEXaHIYHHH
3B 30K MK 3€pHAMH 1 CHJIM KaIllJIIPHOTO IOBEPXHEBOTO
HATATY BUTHCKYIOTH OKpEMi 3epHa i cy03epHa B piaky dhasy.
Taka ¢parmenTaniss abo padTiHr 301IbIIye TOBEPXHIO
L/W 1 ipuCKOpIO€ pO3YHHEHHS BOIb(PpaMy depes JIaHITHo-
KOK NEePUTEKTHYHHX IEePETBOPEHb 3a CXEMOIO
W+Al— AL W_ + Al - Al WAl — AL W + Al

Crucok iteparypu

1. Ouyang Yifang. Mechanical alloying of A-W binary alloy /
Ouyang Yifang, Zhong Xiaping, Wu Weiming. // J. Chinese
Nonferrous Metals. — 2019. — 9 (1). — P. 69-72.

2. JlmarpaMMBI COCTOSIHHSI JBOMHBIX METANIMUECKHX CHCTEM:
cnpaBoynuk / mon. pen. H. I1. Jlskumiesa. — M. : MammHO-
crpoenue, 1996. - T. 1. - 992 c.

3. Phase equilibria and phase transformation / V. I. Mazur —
Kyiv : Polytechnica, 2020. — 120 p.

4. Mazyp B. 1. O KOHTaKTHOM IUIABJIEHUH NIPU MEPUTEKTH-
yeckoit kpucrammsanuu / Masyp B. U. / Hosi marepianu
B MeTanyprii Ta mammHoOynyBaHHi. — 2018. — Ne 1. —
C.49-51.

Ooeporcarno 30.12.2020

Masyp B. 1. Mukpockonnyeckasi KHHETHKA NEPUTEKTUYECKOI0 NPeBPALLECHNUs B JIMTATYPHbIX ciuiaBax Al-W

llejlbpaﬁombl. HUccneoosamsv ocobennocmu MquOCKOHM’i@CKOﬁ KUHemuKu nepumeKkmu4ecKoco npespaulerusl 6

aueamypHuix cnaasax Al-W.

Memoouwl uccneoosanus. Muxkpockonuweckuti anaius: ceemosoil mukpockon Jenaphot 2000 (Carl Zeiss),
pacmpoguiii 3nekmponHbiil Mukpockon PEM-106 U (Selmi, Ykpauna) ¢ penmeenocnekmpanbHbiM MUKPOAHATUZAMOPOM
€ 9Hepzemu4eckoll oucnepcuetl, penmeenopazosulii anaius. ougppakmomemp Rigaku Ultima IV,

Ilonyuennvie pesynomamol. [lokazano, 4mo amomHOMY pACMEOPEHUN) B0abHPaAMA 8 HCUOKOM ANIOMUHUU
npeduiecmeyem pebuHOepo8ckoe 0002aueHUe MeXHC3EPEHHBIX SPDAHUY 60TbPPAMA AMOMAMU ATIOMUHUSA ¢ 06PA3068aHIEM

npomesicymounou €- wiu G- ¢asvl, konmaxmuoe niasienue na &/W unmepgeiice u nocredyrowuil pagpmune

801bHPAMOB020 KpUCMANLA 8 HCUOKOU aze. AHANO2UYHO pACMBOPAIOMCA U OeHOPUMHbIE KPUCMALLLL € - U OPY2UX
NPOMeAHCYMOYHBIX (ha3, Komopsie 00paA308AIUCH NPU B3AUMOOCUCNBUU BOTbPPAMA C HCUOKUM ATFIOMUHUEM 1O KACKAOY

nepumexkmu4ecKux peam;uﬁ.
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Hayunas nosusna. Memooom ananusa 10KambHbx OUG@Y3UOHHBIX ROMOKOE AMOMOE KOMNOHEHMOS Y CMAHOBILEHO
obpazosanue xcudkopasnoi npocaoiku na epanuye £/W (umu C/W) no oupgysuonnomy mexanusmy 10KambHo20
KOHMAKMHO20 NIAGLeHUS.

Ilocmanoeka 3a0anus. Llenvio pabomel ecmv ymounenue eHOMEHOI0SUHECKOU Meopul NePUmeKmuiecko2o
npespaujeHuss MemoooM UCCLe008aHUSL OCODEHHOCHE MUKPOCKONUYECKOU KuHemuku ¢ cniagax Al-W, ¢ komopuix
QNIOMUHUL U2paem poib NOSEPXHOCHMHO-AKMUBHO20 dNEMEHMA.

Ilpakmuueckan yennocmo. llosienenue dcuoxkoghasnvlx npocioex mexicdy & u W- gpazamu obpasyem pazeumyro
KANUIIAPHYIO CUCTNEMY JOKALbHBIX OUP@Y3UOHHBIX NOMOKO0E8 AMOMO8 ANOMUHUS, HANPAGIEHHbIX K SPAHUYAM C
80NIbPPaAMom. Dmo yckopsiem Nepumekmuyeckoe npespaujenue 0abPpama, nosvluaem MaKpoCKONUYECKyIo
0OHOPOOHOCHIb ULAMYPHO20 CHIABA, YMEHbUIAEN CKOPOCMb CeOUMEHMAYUU 60IbMOPAMA, YMEHbULACH CKOPOCHTb
BbICOKOMEMNEPAMYPHO20 UCHAPEHUSL AIOMUHUS, YMEHbUIAEeN dHepeemuyecKkie 3ampamsl Ha MexXHOI02UHeCKUl
npoyecc.

Knrwuesvie cnosa: cnnasvl Al-W, nepumexmuueckoe npespaujerue, MUKPOCKORUYECKAS, KUHEMUKA, Pagmune,
JIOKabHble OUhy3uoHHble NOMOKU, KOHMAKMHOE NAAGIEHUE.

Mazur V. Microscopic kinetics of peritectic transformation in Al-W ligature alloys

Purpose of work. The investigation of the microscopic features of peritectic transformation in ligature A1-W alloys.

Research methods. The microscopic analysis: light microscope Jenaphot 2000 (Carl Zeiss); SEM: POM-1061
(Selmi, Ukraine), X-ray phase analysis: Rigaku Ultima IV (Japan).

The main results. Before the atomic dissolution of Tungsten, Rebinder s enrichment of inter-grain boundaries of W
with Al occurs. It leads to the formation of an intermediate €- or C - phase, contact melting on the /W interface and
subsequent rafting of Tungsten crystals in the liquid phase. The dendrite crystals of the intermediate phases dissolve
similarly during peritectic reactions.

Scientific novelty of work. By analyzing local diffusion flows of Al atoms, the formation of liquid-phase interlayer
on &/W boundary was established.

The statement of the research problem. The purpose of this work is to refine the phenomenological theory of
peritectic transformation by the studying of the features of microscopic kinetics of peritectic transformation in AI-W
alloys in which Al plays the role of a surface-active chemical element.

Practical value of the work. The detected liquid-phase inter-layers between the & and W form a developed
capillary system of local diffusion of Al atoms flows directed to W- boundaries. This increases the rate of peritectic
transformation of W, improve the macroscopic uniformity of the alloy, reduces high-temperature evaporation of Al,
reduces energy costs of technological process.

Key words: Al-W alloys, peritectic transformation, microscopic kinetics, rafting, local diffusion flows, contact
melting.
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