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Hccnenopansl TeMmepaTypHble B BPEMEHHbIC 3aBHCHMOCTH BSI3KOCTH PacmiaBoB AlyY,
Alg7Y3, AlysYs B TemmeparypHOM mHTEpBaie 0T nuksuayca 0 1300°C. OGuapyxkenst
HEOOpaTHMbIE M3MECHEHMSA BA3KOCTH IpH HeOOIBINMX IEPEerpeBax BBINIC TEMICPATYpHI
JAHKBHAYyCa, OOyCIOBICHHBIE pacmafoM HEPABHOBECHOTO MHMKPOHEOIHOPOIHOTO
COCTOSHHS pacIUIaBOB, YHACIEAOBAHHOTO OT MHOro(a3HOro TBEpHOro ofpasua.
[Moxkaszano, uro B crimase Alg;Y; yBenmaenue ckopoctu oxnaxaeaus ot 100 rpag/mus a0
~ 100 rpaz/c, mpUBOAUT K HEPEXOy OT MIACTHHYATEIX K cEPOIUTHBIM (OpMaM pocTta
sBTekTHKM., B cmmasax AlgY| u AlysYs, MONYIEHHBIX 33aKajgKOMl B BOAY, YBEIHYCHUC
BPEMEHH BBIACPXKKH NPU 33JaHHOH TeMmepaType PAacIiaBa IPHBOAHMT K H3MENbYCHHIO
[IEPBHYHBIX KPHCTAJLIOB.

bunapnas cucrema Al-Y mnpencraBnser WHTEpeC Kak OJHAa W3 0a30BBIX NPU TIOMYUICHHU
MHOTOKOMITOHEHTHBIX aMOpP(HBIX CIDIABOB Ha ocHOBe amomupus (80-90 at.% Al) B coueranuu ¢
TICPEXOAHBIMH M PEAKO3EMENBHBEIMM METAJUIaMH, HPOYHOCTh, IUIACTHYIHOCTB, COMPOTHBIICHHUE
KOPPO3MM KOTOPBIX BBEINIE CBOMCTB MX KpHcTammudeckux ananoros [1]. Temmeparypmo-spemeHHas
06paboTka pacniaBoB (T.€. HaIPaBICHHOE BO3NCHCTBHE HA HX CTPYKTYPY) C YY€TOM BO3MOJKHBIX
CTPYKTYPHBIX NPEBPAMICHUME U PETaKCAllMOHHBIX TIPOIECCOB B HHX, [IO3BOJSET YIPABIATH
DPAKTUYECKUMHE CBOMCTBaMu cmnaBoB [2]. M3BecTHO, 9TO IOCHE mIaBliCHHS paciuiaBbl, 0COOEHHO
MHOTOKOMIIOHCHTHBIC, SBIISIOTCS MHKPOHEOXHOPOAHBIMM [3] M, B psAe CiIyd4acB, HEPABHOBCCHBIMU
[4,5]. HepaBHOBeCHOE COCTOSHME pacIUlaBa HOCIE IUIABICHHS MOXKET OBITE 00yCIIOBICHO
HeoOpaTHMBIMH TPOLIECCAMH PACTBOPECHHS HEOZHOPOAHOCTEH, YHACIECHOBAHHBIX OT HCXOXHBIX
TBEPABIX 00pa3nos [4].

B macrosimelt pabore HM3y4eHBl TEMIEPAaTyPHBIE M BPEMEHHBIC 3aBHCHMOCTH BS3KOCTH
pacmnasos Al-Y ¢ comepskarmeM UTTpuA 1, 3, 5 a1.%, a TakKe HCCIEIOBAHO BIMSHHC TEMIIEPATYPHI
MAKCHMAJIbHOrO HArpeBa M  BPECMCHH H30TEPMHYECKOH BBIACP)KKH Ha  (DOpMHPOBAaHHE
MHKPOCTPYKTYPHI CIIUTKOB.

M3mepenus BA3KOCTH MNPOBOAMIH HA aBTOMATH3HPOBAHHOH YCTaHOBKE [6] MeTOmOM
3aTYXaoIUX KPyTHIBHEIX KoneOammit [7]. OOmas cpemHexBaspaTnyuHas OWHKOKA M3MEPEHHS V HE
npesbimaet 4% npu ommOKe €OUHMYHOTO HM3MepeHus He Gomee 2,5 %. Ilepen mposeneHmeMm
U3MEpPEHUH CIUIaBBl ICPEIUIAB/IAIA HEMNOCPENCTBEHHO B BHCKO3MMETPEe B TedeHme | daca npu
temnepatype Ha 300-400°C mpepplmaroel nX TeMIepaTypsl miaBaeHud. M3Meperus npoBoIuId B
arMoc(epe BBICOKOYMCTOrO TeHs B IMIMHAPHIECKHX TUTIX w3 Al,O; BHyTpeHHHM auaMeTpoM 16
MM u BeicOTOM 40 MM. C HEnpi0 MCKIIOYCHHS HEKOHTPONHPYEMOTO BIMSHUSA O0pasyrolieHcs Ha
MOBEPXHOCTH CIUIABA OKCHAHOW IJIEHKH B THTedb moBepX ofpasuma momemamn kpeimky u3 AlOs,
BBINOJIHAIOILYI0 pOJNB BTOPOM TOPLEBOM NOBEPXHOCTH. KOHCTpYKIMS KpEINIKM IIO3BOJSIA €H
cBOOOZHO OBHraThCs BAONL BEPTHKAIBHONW OCH THIJIA U IIPH COBEPIIEHHH KPYTHIbHBIX KONCOAHWH
BpanaThCsl BMECTE C HUM.

Ha nonurepMax BI3KOCTH BCEX KCCICAOBAaHHBIX DaciIaBOB HAOMIOZAETCS THCTEPE3HUC:
3HAYEHUS V, MOJYYCHHBIC B PEXHMME CTYNECHIATOTO HArPEBa ¢ M30TCPMHUYCCKHMMH BEIICPKKAMHE Ha
Kaxpor Temmeparype 20 MHHYT, BHIIE 3HAaYCHWH, MOIYYCHHBIX MPH TOCICAYIOMEM OXJIAXKICHUH.
Temneparypa Hadana ruCTEPE3UCa MOBBIAETCSA ¢ YBEIHHYEHUEM COACPXaHus Y B Crnase (cM. puc.l).
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3HaYeHMs BS3KOCTH M XapaKTep 3aBHCHMOCTH V(t), TMOIYYCHHBIE B pEKHME Harpesa, XOpPOLIO
BOCIIPOM3BOAATCS IPH TIOBTOPHOM Harpese oOpasia.

Bce BpeMeHHBIE 3aBHCHMOCTH IIOyYEHBI ITOCIIE HArPEBa OT KOMHATHOH TEMIIEPATyPhl H UMEIOT
HEMOHOTOHHBIH xapakTep (puc.2). PaBHOBecme B pacmiaBax YCTAaHABIMBACTCA B TCUCHHUE
JIUTENBHOTO BPEMEHH (T), KOTOPOE YMCHBIIACTCS C YBENMYCHHEM TEMIIEPATypsl paciiasa. B
9acTHOCTH, i coctaBa AlyY mpu 730°C 1, cocraBnser ~ 150 MUHYT, CYLIECTBEHHO YMEHBIIAETCS
npu 900°C u cocrapusiet ~ 40 munyt. C yBenvuenueM cogepxkanns Y B PaciuIaBe T, yBEIHIHBACTCS:
g coctasa AlgsYs mpu 870°C 1, cocrasmser ~ 200 munyr, upu 1070°C ~ 120 munyr. Cregyer
OTMETHTB, 9T0 g cocTtasa AlgsYs nmocne moctixerus temuepatypu 870°C B Tedenue ~ 60 MuHYT
TIPOMICXOAUT AOILIABICHUC TBEPAOH (asbl.
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Puc.2. BpeMeHHbIE 3aBUCHMOCTH BSA3KOCTH PACILIABOB:
AlgY, opu 730°C (1) 1 900°C (2) (a); AlysYs npu 870°C (1) u 1070°C (2) (0)
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Ha ocHOBaHHME XapakTepa BPEMCHHBIX 3aBHCHMOCTEH V, OBLIM mOITy<deHBI TBEPABIE OOpasmpl
AlgY 1, Alo;Y3, AlysYs mpu ckopoctsix oxnaxaeans 20-100 rpag/mun B yeranoske BTA-983 nocne ux
TEPMHYECKOrO aHAIK3a U 3aKaIKkol B BOLy. CKOPOCTb OXJIAXACHHU [IPU 3aKANKE B BOAY COCTABILUIA ~
100 rpam/c. OxnmaxkmeHue npoBoaMiM Iocne Beiaepikex 5, 30, 60, 120 muHYT DpH 33JaHHOH
temneparype (730, 800, 870°C). O6pasupl mis 3aKkajky B BOAY 3amaWBald B BaKyyMHDOBaHHBIE
KBapILEBBIC aMITYJIBI (OCTATOYHOE AABICHUC 10 MM.PT.CT.).

Penrrenoda3oBslif aHANNH3 KPUCTALIHYECKHX 00pa3ios, MMONyYeHHBIX U3 paciuiaBos Al-Y Bcex
WCCIICIOBAaHHBIX COCTABOB, yKasbiBaeT Ha Hammawme (a3 Al u ALY. Ilpm m3Mmenenum cocraBa ©X
COOTHOMICHHUE MEHSIETCS B COOTBETCTBUH C PABHOBECHOH uarpaMMoli cocTosHus [8].

Ha rtepmorpammax JITA o6pasnos AlyY;, HONXYyHMEHHBIX NPH OXJIAKICHHH CO ckopocTeio 100
rpag/MuH 3aQUKCHPOBAHBI [BAa IHKA TCIJIOBBIACICHHS, YTO COOTBETCTBYET auarpaMme (Ga3oBBIX
pasroBecuil [8]. Bee oOpasusl AlyY, mONMydeHHBIE IPU OXMaXAECHUH CO cKOopocThio 100 rpan/mun,
HE3aBUCHMO OT BPEMEHH H30TEPMHUICCKOH BEIIEPKKHU IIPH 33 JAHHON TEMIIEpaType, KPUCTALIN3YIOTCH
[0 OJHOTHITHOMY MEXAHH3MY B IBE CTAJMK. KPHCTAUIM3ANMS HAUMHAETCS ¢ 00pa3oBaHHS M pOCTa
[NEPBUYHBIX KPHCTAILIOB Al, 4eMy COOTBETCTBYCT IEPBBIH ITHK HA TEPMOTpaMMe OXJIakaeHn:s. Bropoi
DMK Ha TEPMOTPaMME OXJIKACHUSA COOTBETCTBYET KPUCTAIUIM3ALMM 3BTEKTHKH, COCTABJIAIOIIMME
KOTOPO#, COrmacHo peHTrenoha’zoBoMy aHamu3y, sBtioTcs (aser Al u Al;Y. DBTeKTHKA B TAHHOM
CIyYac HMEET HOPMAJIBHYIO STICUCTYIO CTPYKTYPY. IIpu yBenmnaeauu CKOpOCTH OXJIAK/ACHHUS PACIIaBa
AleY| B pesynpTaTe 3aKkankH o0OpasnoB BOAY, CIHTOK INOCHE 5-M MHHYTHOH H30TCPMHYCCKOH
BBLICPYKKH, OTIHIAETCS OT CIUTKOB ¢ Gombumam Bpemenem Beiepxkkn (30, 60, 120 munyr) mpu 730°C
Gonee KPyrHON CTPYKTYPO# IepBHIHBIX kpucTamios Al (puc.3).

a) B) 1)

Puc.3. MukpocTpykTyps! ciutkoB AlgY | mocre 5-u (a,6), 30 (8,r) u 60 (n,e)
MuHyT Bbiaepxku mpu 730°C ¢ mocnenyromeit 3aKamkoit B BOLY

CauTok 3BTEKTHYECKOTO cocTaBa Aly;Y; KpHCTAIN3yeTCd ¢ OAHUM SIBHO BBIPAKEHHBIM ITHKOM
termosbiiencaus. [pu 3axanke obpasuos AlyY; B BoAy HAOMIONACTCS MEPEXON OT MIACTHHYATHIX
(mpu cxopoctu oxnaxaerus 100 rpap/mun, cm. puc.4a) k cheponuTHEIM (OpMaM pocTa 3BTEKTHKH
(npu ckopoctn oxnaxaenusa ~ 100 rpan/c, puc.46,8). B ctpykrype mocne 30-MUHYT BBIICPAKKH IPH
oxmaxpenun ot 730°C mabmomaercs mpoMexyTodsas cgeponHTononobHas cTpykTypa (puc.46),
torga kak nocie 60-u MHHYT B CTPYKType NPUCYTCTBYIOT C(EPOIMTHI € PaJuaibHO-IYYHCTBIM
CEeKTOpUANbHBIM CTpoeHHeM (puc.4s). Habmonaemoe pasmwdne B MHKPOCTPYKTYypax oOyCIIOBIEHO,
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TIO-BHAMMOMY, Pa3lMYHBIMU MEPEOXTAKACHUIMH pacmiasos nocne 30-u u 60-u MUHYT BBIAECPIKKH,
9TO CBA3AHO C pa3IHIWeM COCTOSHHE PpacIulaBOB MEPEA  KPHCTA/UTH3ANMCH. Y BEIUYCHHE
nepeoxyiaxaeHus mocie 60-u MuHYT 00yCIIOBIEHO YBEIMYEHUEM CTENECHH OAHOPOAHOCTH paciiasa B
PE3yNbTATE MIUTESIBEHON H30TEPMHYECKON BEIIEPIKKH.

Jns coctaBa AlgsYs 3aKaika B BOLY TAKXKE ITO3BOJIMIA 3a()UKCHPOBATE MU3MCHCHHS B CTPYKTYPE
paciiaBa ¢ TEYCHHEM BpPEMEHM H30TEpMHYCCKOM BBIACPKKM IIPH 33aJaHHOM Temmeparype,
00y CITOBIIEHHEIE ITOBEIICHUEM CTETICHH OMHOPOJHOCTH PaciuiaBa.

a) 6) B)

Puc.4. Mukpoctpykrypst ciiaBa AlgrYs, oxnaxaennsie ot 730°C
niocsie 120 munyr (a), Voxn=100 rpan/muH;
30 munyT (6) (3axkanka B BOAY);
60 munyT (B) (3aKanKa B BOAY)

IMonyueHnplc B pe3ynbTaTe KPUCTANIM3ANMH PACIIABOB, HATPETHIX N0 DPasHBIX Temmepatyp (oT
muksugyca 1o 1000°C) m oxmaxmesssie ¢ pasHo# ckopoctsio (0T 100 rpag/mum go 100 rpap/c)
CTpYKTyphl OmHapHOM cucTemMbl Al-Y, COOTBETCTBYIOT IO (Ja30BOMy COCTaBY pPaBHOBECHOM
muarpamme cocrosauii [2]. He cMotps Ha TO, 9TO (pa30BBIH COCTAB CIIUTKOB OCTAETCS HEM3MEHHEIM,
Mopdoorus (GOPMUPYIOIUXCS 3BTEKTHICCKUX CTPYKTYP 3aBHUCHT OT CKOPOCTH OXJIAKIACHUS H
OIIpeACIIETCA CTPYKTYPOH ICPEOXIAKACHHOH KUAKOCTH,

[Mo-BumMOMy, HEPaBHOBECHOE MMKPOHEOZHOPONHOE COCTOSHHE pPacIiaBOB OOYCIOBICHO
HAIM9MEM B HHX @OCJIE IUIABJICHHS MHUKPOTPYNITHPOBOK AaTOMOB Ha OCHOBE TYIOIUIABKOIO
xumuyeckoro coemuacHus Al;Y. PaspyimeHue HEpaBHOBECHOTO COCTOSHUS PACIUIABOB ITO ACHCTBHCM
TEMIEpaTyphbl ¥ BPEMEHH BBIICPIKKH OTPAXKACTCA HA HEOOPaTHMOM M3MEHCHHUH BSI3KOCTH PACILIABOB H
(hOpMHUpOBaHHUHE MUKDOCTPYKTYP CILIABOB.

Takum 00pa3oM, TMOJIYUCHHBIE PE3yIbTATHl IIOKA3BIBAIOT BO3MOXKHOCTH HAIPABICHHOTO
BO3AeiCTBUs HA (DOPMUPOBAHHE MHKPOCTPYKTYPHI CILIABOB.

PaGora BrmonacHa rpu GuHarCOBOMH noaxepxke rpanra POOU Ne 08-03-90415-Ykp_a.
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On viscosity peculiarities of the Al-(Ni/Y) (up to 5 at.% Ni/Y) and the
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Recently most attention has been concentrated on the
Al-based (80 at. % —90 at. % ) alloys with transition
and rare-earth metals used as admixtures [1]. Increas-
ing stability of physicalmechanical characteristics may
be reached by optimizing technological regimes, i. e. ,
temperature and exposure time of the melt. Structural-
sensitive properties (in particular, viscosity) of the Al-
Ni-REM system of the melts have been investigated to
only a small extent.

The subject of the present work is investigation of tem-
perature, time and concentration dependences of kine-
matic viscosity (v) of the Al-Ni and Al-Y binary sys-
tem, with second element content being less than
5 at. %, as well as studying the polytherms and time de-
pendences v of the Alg; NigYs, AlgNigLa,, AlgNigCeq,
Al NigYs, AlgNigCo,Gd,Th, u AlgNicCo,Gd, Y, lig-
uid alloys over the range of liquidus up to 1300 C.

The samples under study were melt in an arc furnace
in the atmosphere of purified argon after preliminary
vacuum pumping of the working chamber up to 10 —
5 mm of the mercury column. The initial components
for melting the alloys were the elements with the content
of the basic metal: aluminium 99. 99; lanthanum
99.99; yitrium 99. 8; cerium 99.9; gadolinium 99.9;
terbium 99. 9; electrolitical nickel 99. 96 and cobalt
99.96 wt. % .

Measuring the kinematic viscosity (v) of the liquid
alloys was carried out by the method of damped torsional
vibrations of the cylindrical crucible with the melt [2 ].
The determination of the logarithmic decrement (§) and
period of vibrations of the suspended system of viscosim-
eter (7) was carried out by the optical method using
helium-neon laser and a precision photosensor.

Calculating the viscosity with the help of numerical
methods, equation [ 3] was solved;

Corresponding author: V. 1. Lad'yanov, S.G. Menshikova, V. V. Maslov

f(») =Re(L) + Lim(L) _21(—‘:—_‘:—2> 0 (1)

where I-the inertia moment of the suspended system, §,
u 7,-the decremeter of damping and period of vibratious
of the suspended system without a sample, Re(L) u Im
(L)-real and imaginary parts of the friction function L
[2].

From equation (1) viscosity cannot be expressed ex-
plicitly, which complicates the error estimation in its
calculation. To calculate the error, a relative change of
viscosity caused by the error of each experimentally de-
termined value, while other parameters were un-
changed , was determined. In particular, a mean square
error in the calculation of the temperature dependence
of viscosity due to the change of § uw 7, is
calculated by

() =[(% + (B4 17 (2)

where (

)MH( )
14

cosity on changing 6 m 7 within their errors. A total
mean square error in the viscosity calculation was esti-

A-are relative deviations of vis-

mated according to the formula:
A
(*>z—[( )7‘ (Tv)injvz (3>

where n are a]l the values in calculation equation (1)
and friction function: the moment of inertia of the sus-
pended system, mass, radius and height of the sample.
The total mean square error in the measurement of v
does not exceed 4% with the error in a single measure-
ment being not higher than 2.5%.

Prior to measuring the alloys were re-melted directly
in the viscosimeter for not less than 1 h at the tempera-
tures by 300 — 400 °C increasing their temperatures of
melting. All the measurements were carried out in the

atmosphere of high purity helium. Cylindrical Al,O,

E-mail ; las@ pti. udm. ru; svetlmensh@ mail. ru; maslov@ imp. kiev. ua
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crusibles with an inner diameter of 16 mm and height of
40 mm were used. To eliminate the effect of the oxide
film formed on the alloy surface, an Al,O; cover was
placed above the sample, which was used as a second
face surface. The construction of the cover allowed it to
move freely along the vertical crucible axis and rotate
during torsional vibrations together with it. The temper-
ature in the viscosimeter furnace was determined with
the W-Rh(5% ) - W-Rh(20% ) thermocouple with the
precision of £10 C and it was maintained on the same
level with the help of a high-precision temperature con-
trol (HTR) with the precision of +0.5 C.

The polyterms of viscosity of liquid aluminium do not
differ features. As the temperature changes the viscosity
of aluminium is changed, too, according to the Arrhe-
nius equation [2];

E
v=A -exp(k—;, (4)

where A is a constant value, K is the energy of the vis-
cous flow activation, R is the molar gas constant, T is
the absolute temperature.

Time dependences of v of the melts of the Al-Ni sys-
tem are generally devoid of peculiarities and the equilib-
rium in the melis established rather quickly (5 -
10 min). The viscosity minimum has been observed in
the concentration curve and the curves of equal overhea-
ting close to of the eutectic composition
( ~2.7 at. % ). Also the viscosity maximum has been
observed in the concentration curve close to 1.5 at. %.
For alloys with the contents from 2.5 up to 5 at. % Ni
the break has been observed on temperature depend-
ences of viscosity. The break is accompanied by change
of value of energy of activation of viscous flow.

When the melts of the Al-Y system are heated nonm-
onotone irreversible changing of viscosity is observed. If
they are further cooled hysteresis is found in the
polytherms of viscosity. In case if the melts are held for

a long time at high temperatures being liquid the nonm-
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onotone changing of viscosity is also revealed. As the
melt temperature increases the time of the viscosity sta-
bility (the relaxation time) decreases. Viscosity tem-
perature and time dependences, obtained for Al
Ni, Y, AlgNiz(La/Ce)q, AlgNigCo,Gd,(Y/Th), are
of the same character. In the concentration curve of the
Al-Y the viscosity minimum has been observed close to
of the eutectic composition ( ~3 at. %Y).

Apparently, nonmonotonic concentration dependence
of viscosity of the Al-Y and AL-Ni melts is caused by
competing influence of various types of composite near
ordering at change of composition.

Taking into account a model of microinhomogeneous
liquid structure the viscosity changing of the Al-Y and
Al Nig Y5, AlgNig(La/Ce)4, AlgNigCo,Gd,(Y/Th),
melts with time is caused by the microheterogeneous
state decay which, in its turn, is determined by the
presence of atomic groups based aluminides containing
REM (Y). Non-monotonicity of time dependences of
the melis viscosity is due evidently, to non-uniform dis-
solution and dispersion of that non-equilibrium micro-
groups.
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