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SBTeKTHKa     V 

3BTEKTHKA HA PYBE>KE TblCflHEJIETMM 

tO.H.Tapan 

HaMMOHajibHan MeTaxinyprkwecKafl AKafleMkin 

r.flHenponeTpoBCK, YkpanHa 

riepBan HayHHO-TexHMHecKa« KOHCpepeHuiMfl no Teopkin n 

TexHonoran aBTeicTHMecKnx cnnaBOB cocToanacb B flHenponeTpoBCKe B 

1979rofly 

OsepeAHaa, naTaa KOHCpepeHi^mi no SBTeKTMnecKHM cnnaBaM 

npoBOflHTca flHenponeipoBCKOM SBTeKTMHecKofi WKOJIOM B 2000-M rofly., 

T.e. B nocneßHeM rofly saBepwaioLAerocfl XX BeKa. 

flawe B caMOM o6meM BMAe TpyflHO oxapaicTepn30BaTb TOT 

nporpecc B HayHHOM no3HaHWH Mwpa n 6a3npyioLneMCH Ha HeM pa3BMTHn 

o6unecTBeHHoro npon3BOACTBa, KOTOpbiw 6bm flOCTumyT B flBa/maTOM 

BeKe. Ba>KHeMUJne HayHHO-TexHMMecKMe CBepiueHmi 3Toro BeKa v\ npe>Kfle 

Bcero KOMnbiOTepHaa peBonioi^Mfl coBpeMeHHOc™ Hepa3pbiBH0 CBH3aHbi 

c pa3BMTneM MaTepnanoBefleHMfl, B nacTHOCTM, c M3yweHneM pocTa 

KpucTanjioB B pacnnaBax. H3BecTHO, CKonb nnoflOTBOpHbiMW OKa3ajiwcb 

MccneflOBaHna HanpaßneHHOü OAHo4>a3Hoü KpncTarmM3amw. 

Pe3ynbTaTbi STMX MCcneAOBaHMH nocny>KMni<i OCHOBOM npn pa3pa6oTKe 

TeOpUM M TeXHOJlOrWM 30HHOrO paCpMHMpOBaHMfl, MeTOAOB BbipaiUMBaHMn 

6e3AecpeKTHbix KpucTannoB H, B KOHeMHOM cneTe, o6ycjiOBmin pa3BHTne 

coBpeMeHHofi 3^eKTp0HMKM n 6a3iipyiomMXCfl Ha new OTpacneü HOBOü 

TeXHMKH. 

Pa3BMTne TeopMM cnnaBOB B 3aBepiuaiomeMCfl CTOJieTMM BHecno 

BecoMbiM BKnaA n B M3yHeHne MHorocpa3HOM KpucTannnsaqnM, B TOM 

MMcne Ancj3Cpy3MOHHoro pacnaAa pacnnaBOB c o6pa30BaHkieM SBTOKTHK - 

TOHKOAM<p(pepeH14MpOBaHHblX MHorocpa3Hbix CTpyiaypHbix 

COCTaBHAlOIHMX cnnaBOB. 

©Eutectica-V 



3BTeKTHKa     V 

Cno>KHafl apxwTeKTOHMKa 3BTeicTMK flnmenbHoe epeiviH 

3aTpyflHana co3flaHne afleKBaTHOfi MOflenw SBTeKTMHecKoro 3epHa. 

TnyßoKo M BcecTopoHHe Bonpocbi reHe3nca M Mopcponoron 

3BTeKTMMecKoro 3epHa 6bmn pa3pa6oTaHbi BO BTOPOM nonoBMHe BeKa 

yKpawHCKow ivieTannorpacpMMecKOM WKOJIOM, ocHOBaHHoPi B 

flHenponeipoBCKe K.n.ByHMHbiM. H3yneHne nyryHOB w nefleßypMTHbix 

CTanefi, cunyMMHOB n fliopaneü, 3BTeKTWHecKnx cnnaBOB Ha ocHOBe 

cepeöpa,    Mean,    wraHa,    qnHKa,    cBMHMa,    neiporpacpMHecKnx    n 

OpraHMHeCKMX CHCTeM BblflBlu™ 06lHHe 3aKOHOMepHOCTH cpopMMpoBaHMa 

3BTeKTMK. 

. OSoßmaa pe3yxibTaTbi STMX oBuunpHbix MccneflOBaHUM, 

KD.H.TapaH M B.H.Ma3yp pa3pa60Tann o6myio KOHqenqnio 

SBTeKTMHecKoro npeßpameHMH B cnnaBax, KOTopaa M3no>KeHa B 

ocHOBononaraioii^eM MOHorpacpnn "CTpyiaypa SBTeKTusecKnx cnnaBOB" 

(MocKBa, M3fl-BO "MeTannyprwa", 1978) M nocTOHHHO nononHHeTCfl 

HOBbiMM MaTepnariaMM, ocBemaeMbiMM B HaysHO-TexHunecKofi 

nepMOflMKe, B Tpy,qax KOHCpepeHqufi M CMMno3wyMOB. 

Mo>KHO   KOHCTaTMpOBaTb,   MTO   6yHMHCKOW   HayHHOM   WKOJIOW   BO 

BTopoü nonoBMHe XX BeKa npoM^eH nyTb OT nepBOHanaxibHO ainpoKO 

pacnpocTpaHeHHoro BOcnpmiTna 3BTeicrMKM KaK MejiKOKpucTannnMecKOw 

MexaHnnecKOM CMecu cpa3 flo afleKBaTHbix npeflcrraBneHMM, 

KBanncpMi4iipyK)iJHMx p,Bomy\o SBTeKTMKy KaK npoflyicr napHoro 

KOonepaTHBHoro pocTa fleHflpMTOB, B xofle KOToporo B03HMKatOT KpynHbie 

TOHKOflncpcpepeHmipoBaHHbie 3epHa, nacTO MMeHyeMbie SBTeicTMHecKHMM 

KOJIOHMflMM. 

K co>KaneHM(o, npeflCTaBneHMH 06 SBTeKTMKax, KaK 0 

MexaHHHecKMx Me/iKOKpMCTannMMecKMX CMecax cpa3 w B HacTOflii^ee 

BpeMfl pacnpocTpaHeHbi B MOHorpacpunecKofi M B yneßHofi nmepaType. 

HanpuMep, MuHMCTepcTBOM o6pa30BaHMn POCCHMCKOM Oeflepai^MM 

peKOMeHflOBaH        fl/ia CTyflemoB MetaruiypruHecKux M 

©Eutectica-V 
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MaujMHOCTpoMTenbHbix By30B yneSHMK no MaTepnanoBefleHnio, 

BbinymeHHbiM M3flaTenbCTB0M MUCHC B 1999 rofly. YneßHUK HanwcaH 

Me>KqyHapoflHbiM KonneicrMBOM aBTopoB B codaBe flByx POCCMMCKMX 

(K).n.ConHL|eB, E.H.npnxMH) M nonbCKoro (O.BoüTKyH) npocfreccopoB w 

TpaiayeT SBTeKTMKy KaK MexaHMMecKyio MenKOKpucTajinnMecKyK) CMecb. 

Me>Kfly TeM, BepHoe noHUMaHwe MexaHM3Ma M KUHBTHKH 

SBTeicrnMecKoro CTpyKTypoo6pa30BaHnn no3BorweT He ToxibKO BHocwb 

BKnafl B flanbHeCiLuee pa3BHTne Teopnn cnnaBOB, HO M AoßwBaTbca 

BecoMbix pe3ynbTaTOB B co3flaHnu M npaimmecKOM ncnonb30BaHnu 

HOBbix cnnaBOB SBTeKTunecKoro Tuna. npwviepOM TOMy cnyxcaT 

MHoroMwcneHHbie TeopeTHMecKne M npaKTMHecKMe n3biCKaHnn, 

i/i3no>KeHHbie nccneflOBaTenflMW pa3jiMHHbix HayHHbix LUKOH Ha 

HacTonmefi KOHCpepeHLjMM. 

npHBeTCTBya yMaCTHMKOB KOHCpepeHqMM OT HMeHU 

OpraHM3aMMOHHoro KOMmeia a Bbipawaio Haflex<fly, HTO flucKyccua no 

MHorMM y3noBbiM BonpocaM Teopnn M npaiaMKn sBTeianHecKoro 

npeBpaLqeHMfl noABefleT uTom npowfleHHOMy B XX CTOneTMM, HaivieTMT 

nepcneKTMBHbie HanpaBJieHMfl AanbHeMwwx nccneflOBaHMM M TaKMM 

o6pa30M BHeceT CBOü BiuiaA B pa3BMTne o6u\ei\ Teopwn MHorocpa3HOü 

KpncTannn3aMMM. 

©Eutectica-V 
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EUTECTIC ALLOYS OF THE Cr-Nt>-C SYSTEM 

0. /. Dovbenko, A. A. Bondar, T. Ya. Velikanova, 

N. I. Tsyganenko, M. P. Burka, O. O. Bilous, and L V. Artyukh 

1. M. Frantsevich Institute for Problems of Materials Science 

Kyiv, Ukraine 

In earlier investigations of the Cr-Nb-C system the isothermal 

sections at 1050 [68Fed] and 1350 °C [65Ras] were constructed. The 

data on melt range of the system are not known. 

Crystal data for the phases involved by the present work are 

given in Table 1. The phase diagrams of the binary systems were used 

according to Massalski's handbook [90Mas]. For the temperatures of 

invariant equilibria in the Cr-C system the data of [87Yer] were preferred. 

Table 1. Crystal structure for phases involved by the present work. 

Phase Pearson 

symbol 

Space 

group 

Prototype 

(Cr) oil Im 3 m W 

Cr23C6 CF116 Fm3m Cr23C6 

YNbzC hP3 Pß^mmc sFe2N 

Nbd.x cF8 Fm 3 m NaCI 

^(ßNbCrj) hP12 Pßs/mmc MgZn2 

^2(ßNbCr2) cF24 Fd 3/77 MgCu2 

The Cr-Nb-C alloys were prepared in an arc furnace with a non- 

consumable tungsten electrode on a water-cooled cooper hearth in a 

©Eutectica-V 
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gettered argon atmosphere. The composition of the alloys studied are 

presented in Fig. 1. The initial materials were: electrolytic chromium 

refined by annealing in hydrogen (-99.9 mass % Cr), small bar niobium 

(99,7 mass % Nb), and atomic graphite ( 0.05 mass % ash, 0.023 

mass%S). 

As-cast alloys and alloys annealed at subsolidus temperatures 

(for 30 min at about 15-40°C just below solidus, followed by quenching) 

were investigated by metallography, powder X-ray diffraction, and 

electron probe microanalysis; Phase transformation temperatures were 

determined by the Pirani-Alterthum method and differential thermal 

analysis. 

The phase (NbC) forms equilibria with all other ones, except for 

(Nb), and in the all three two-phase regions with congruently melting 

phase there are the folds of maximal temperatures on the ruled solidus 

surfaces, corresponding to quasi-binary eutectics. 

The phase diagram in the vicinity of quasi-binary eutectic 

(Cr)+{NbC) were examined in detail (Fig. 1). The tie line corresponding to 
(NbC)+(Cr7C!)+(CraC6 

Cr23Ce (q>) 
1612 

e 1579 

at. % 

©Eutectica-V 



SBieKTMKa     V 

Fig. 1. The phase diagram of the Cr-Nb-C system in the vicinity of 

quasi-binary    eutectic    (Cr)+(NbC).    Circles    show    the 

composition of examined alloys, 

this quasi-binary eutectic is located in the section Cr96Nb2-NbCo.9. 

The alloys based on eutectic (Cr)+(NbC) should be of interest in 

practice as "in situ" composite with chromium matrix and fine structure. 

The measurement of high-temperature Vickers hardness up to 1000°C 

brings in evidence of high level mechanical properties. Up to 500°C the 

values were about 4500-5000 MPa. The hardness slowly droped higher 

600°C, reaching 3000 MPa at 800°C and 1000 MPa at 1000°C. 

65Ras:   H.   Rassaerts,    F.    Benesovsky,   H.   Novotny,   Planseeber. 

Pulvermet., 3 (1965) 199. 

68Fed: T.F. Fedorov, N.M. Popova, L.V. Gorshkova et al., Poroshkovaya 

Metallurgiya, 3(1968)42. 

87Yer: V.N. Yeremenko, T.Ya. Velikanova, A.A. Bondar, Poroshkovaya 

Metallurgiya, 5 (1987) 70; Soviet Powder Metal. Metal Ceram., 

26(1987)409. 

90Mas: T.V. Massalski, P.R. Subramanian, H. Okomoto, L. Kasprzak 

(eds.), Binary Alloy Phase Diagrams (2-nd ed.), ASM 

International Materials Park, Ohio (USA), 1990, 3 vols. 

© O. I. Dovbenko, A. A. Bondar, T. Ya. Velikanova, N. I. Tsyganenko, M. P. Burka, O. O. 
Bilous, and L V. Artyukh, 2000 
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3BTeKTMKa      V 

ON THE CORRECTNESS SOME BINARY DIAGRAMS WITH NON- 

VARIANT EQUILIBRIUM 

V. Mazur 

National metallurgical Academy of Ukraine 

Dnepropetrovsk, Ukraine 

Historically phase equilibrium diagrams have begun to be 

created as the diagram of meltability. According to used technique of the 

thermal analysis on a plane c-T rendered a position of critical points 

found on experimental curve of cooling of alloy. Thus at cooling of alloy 

the geometrical place of the most high-temperature point appropriate to 

the beginning of solidification, was determined as a liquidus line. A 

geometrical place of point appropriate to the end of solidification - as a 

solidus line etc. Received areas on the diagrams of meltability were 

indicated as areas of existence of the quite certain phases. 

Rough development of geometrical thermodynamics which has 

followed after works of J.Gibbs has resulted that the diagrams of 

meltability began convenient to treat as the phases equilibrium 

diagrams. It has made possible effectively to apply a Gibbs rule of 

phases, rule of pieces, has resulted in necessity to distinguish stable and 

metastable phases and phase equilibrium for the given system and so 

on. 

Such simple substitution of concepts has resulted in a serious 

consequence: the lines of a beginning and end of phase transition on the 

©Eutectica-V 
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diagram of meltability have begun to be identified with lines describing 

parameters phase equilibrium in the given system. 

For expired more, than 100 years a technique of construction 

of the phase diagrams were essentially advanced and the borders of 

phase areas on them really have began to describe the parameters of 

phase equilibrium. However interpretation of the diagrams phase 

equilibrium in a lot of cases is still at level of the diagrams of meltability. 

Let's give an example of this. The statement, that liquidus temperature is 

a temperature of beginnings of solidification of cooled melt is widely 

popularized not only in educational [1], but also in encyclopedic [2] 

literature. In other cases the liquidus temperature is defined as 

«theoretical temperature of solidification» [3] (see page 45). Meanwhile 

by definition the phase equilibrium and the phase transformation are 

mutually excluding concepts. At phase equilibrium there is no 

thermodynamic stimulus for phase transition, hence last one is 

theoretically impossible. Therefore in accordance to thermodynamics of 

equilibrium states the diagrams of phase equilibrium essentially can not 

be applied to the description of phase transitions kinetics. 

After development of thermodynamics of irreversible processes 

[4], generalising the concepts of classical thermodynamics and known 

laws of irreversible processes, it began possible strictly enough to prove 

an opportunity a technique of application of the phase equilibrium 

diagrams to the analysis not only tendency, but also some quantitative 

characteristics of phase transformations [5,6], 

The application of a principle local equilibrium for the analysis of 

evolution of system in a field of temperature gradient allows to define 

thermodynamic stimulus of transformation i.e. gradient of concentration 

12 
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in the given phases and not only to specify a tendency of process and to 

reveal its limiting part, but also to test a correctness of the given phase 

diagram as a whole. 

Let's illustrate it by discussion of three types of the diagrams 

phase equilibrium with non-variant eutectic, peritectic and ekstectic 

equilibrium-fig. 1. 

To cause three-phase transformation in given system it is 

necessary to remove it from non-variant equilibrium state. In other words 

the concrete alloy is necessary overcool below temperatures of 

equilibrium by value AT. 

Fig.1. The phase diagrams with eutectic (a), peritectic(b), and 

ekstectic (c) equilibrium. 

According   to   a   principle   local   equilibrium   of   irreversible 

processes in spite of the fact at change of temperature the equilibrium in 

©Eutectica-V 
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system as a whole is broken, in small volumes on interphase bound the 

local equilibrium of phases is quickly established. 

Hence in all three alloys overcooled by AT lower of non-variant 

equilibrium temperature the following local concentration of phases will 

be established: 

phase phase boundary concentration 

a a/ß Ci 

P .   ß/a C2 

a a/L c3 

ß ß/L c4 

L L/a C5 

L L/ß c6 

The concentration of a liquid phase far from front of phase 

transformation remains the same that was at tree-phase equilibrium, i.e. 

c7 The distinction of concentration on various phase bounds in the same 

phase will cause a concentration gradient del6K, being thermodynamic 

force stimulating diffusion flows of atoms of components and phase 

transitions. 

In a case of eutectic transformation in an alloy 1 before front of 

solidification of a- and ß-phases a liquid is simultaneously supercooled 

by atoms of A and B components by value of pieces 7-5 and 6-7 

accordingly, that stimulates simultaneous solidification of both eutectic a 

14 ©Eutectica-V 
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and ß- phases .During solidification of peritectic II and ekstectic III alloys 

the liquid phase before solidification fronts of both crystal phases 

appears supersaturated by component A by value 5-7 and 6-7 

accordingly, that should stimulate growth of both these phases. Actually, 

as is known, in both systems at overcooling AT the low-temperature a- 

phase grows, high-temperature ß- phase dissolves. However analysis by 

method of thermodynamics of irreversible processes shows that in 

peritectic and ekstectic systems diffusion flows in a liquid phase should 

interfere with dissolution high- temperature ß-phase. 

It is possible to try to explain this process by action diffusion flow 

in a solid ß-phase caused by distinction of its equilibrium concentration 

on bounds with a liquid (c4) and with oc-phase (c2).However in a peritectic 

case c4>c2 (stimulus for ß-phase growth), and in ekstectic system c4<c2 

(stimulus for ß-phase dissolution), nevertheless in both systems the ß- 

phase dissolves. 

It puts a question on a correctness of specified diagrams phase 

equilibrium. 

The application of a method of isothermal solidification of 

peritectic alloys has allowed to study influence of temperature of initial 

heating on the laws of phase transitions. 

As it shown in [7] in system Al-Si after insignificant overheating 

(830 °C) of melt above a point of liquidus typically peritectic 

transformation L-»L+ >K ->L+ CO realize. However after overheating 

900°C in interval of isothermal specified time 15-100 s the nuclation and 

growth of solid >K-phase occur but at the further increase of time 

  15 
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endurance the primary >K -crystals complete dissolve L+ >K -> L. It is 

significant to note that during dissolution of high-temperrature »-phase 

the low-temperature ©-phase is absent. Hence there can not be speech 

about peritectic transformation. 

The jumps of properties are disclosed on the polyterms of 

density and viscosity of the same liquid alloy at temperature 870-880°C 

[8,9] and that is treated as an attribute of structural reorganization of a 

liquid phase. Therefore it is possible to assume that the distinction of 

phase transformation kinetics at various initial melt overheating is 

caused by distinction of initial liquid phase structure. 

Thus high-temperature »-phase can be in equilibrium with high- 

temperature liquid phase l_i while the low-temperature as-phase can be in 

equilibrium with low-temperature liquid phase L2. If during isothermal 

endurance at the presence of high-temperature »-phase the high- 

temperature liquid phase l_i turns to low-temperature liquid phase L2 the 

phase equilibrium is broken on the boundary as / L2 also aa-phase 

dissolves. 

Therefore both analysis of phase diagrams by irreversible 

processes by thermodynamics method and experimental data on the 

kinetics of phase transformation (for peritectic systems) allow express a 

doubt about correctness of diagrams with peritectic and ekstectic 

equilibrium. By all the phase equilibrium with changing liquid phases is 

reflected at each diagram. If it is so those two diagrams are incorrect 

because assume four-phase equilibrium <B<=>(O<=>LI<=> L2. Well known that 

it contradicts to Gibbs phase rule. Apparently here is pertinently to 

consider two diagrams imposed one on another - stable and metastable. 

As the temperature border of metastability is close to peritectic or 

16 
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ekstectic horizontals it is clearly that for high-temperature area the low- 

temperature part of diagrams is metastable and vice versa. 

Thus there is problem of graphic interpretation of equilibrium 

phase diagrams with structural transformation in liquid phase caused by 

change of temperature. In contrast to systems where the strutural 

transformation in liquid phase are caused by changes of concentration 

(with monotectic and sintectic equilibrium) and which are investigated 

full enough the problem of geometrical thermodynamic of peritectic and 

ekstectic equilibrium is put obviously for the first time. 
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OnPEflEÜEHHEKOHMEHTPAMMOHHO-TEMnEPATYPHblX 

nAPAMETPOB 3BTEKTHHECKOTO riPEBPAlHEHHfl 

L o a-AI + MgzfSixGeLx) B HETblPEXKOMIIOHEHTHOPl 

CHCTEME Al-Mg-Si-Ge 

O.M.5apa6auf, tO.B.MunbMahf, H.B.BOCKO6OüHUI^, H.n.Kopxoea", 

T.H.fleaKan3 

a) MHCTMTyT MeTannoc})M3MKM HAHY 

r. KweB, YKpanHa 

b) HHCTMTyT npoSneM MaTepwanoBefleHMfl HAHY 

r.KweB, YKpanHa 

BbinonHeHO SKcnepuMeHTanbHoe noCTpoeHne flwarpaMMbi 

nnaBKOCTn B a/uoMMHueBOM ymy neTBepHow fluarpaMMbi COCTOHHMH Al- 

Mg-Si-Ge. Oco6oe BHMMaHne y,qejieHO w3yHeHMio KOHqeHTpaqwoHHO- 

TeMnepaTypHoPi o6nacTM cnnaBOB, B KOTopbix nponcxofliiT 

cpopMMpoBaHMe 3BTeKTMMecK0fi CTpyicrypbi L <=> a-AI+Mg2(SixGei.x). 

MeTOflaMM TepMMqecKoro, fln<J)cpepeHMnajibHoro TepMnnecKoro w 

MeTannorpacpMMecKoro aHann3a 6binw M3yHeHbi cnnaBbi B 

KOHqeHTpaqnoHHOM Teipaaflpe Al-Mg-Si-Ge, cocTaBbi KOTopbix 

pacnoncwKeHbi Ha ceneHunx c OöLI^MM peöpoM Al-Mg H pa3niiMHbiM 

cooTHOUjeHMeM Si:Ge, paBHbiM 0.2, 1 n5. B Ka>KflOM H3 Tpex ceMeHuw 

6bina nodpoeHa JIMHMH MOHOBapiiaHTHoro SBTeicrMHecKoro 

npeBpameHna L <=> a-AI + Mg2(Si)(Ge1-x). Ha ocHOBaHMM nonyHeHHbix 

flaHHbix nodpoeHa noBepxHOCTb aBTeirmMecKoro npeBpameHH« B 

MeTbipexKOMnoHeHTHOM cucTeMe. 3Ta noBepxHOCTb npaKTunecKM 

nnHeMHa B ceneHnax, napannenbHbix pe6py Si-Ge, w npeflCTaBnaeT 

co6oM napa6ony B ceneHHax c 06114MM peßpoM AI-Mg. B nocneflHew 

cnysae cociaB aBTeianKM c NiaKCMManbHOw TeMnepaTypofi nnaBJieHna He 

coBnaflaeT co crexMOMeTpHHecKKiM pa3pe30M AI-Mg2(SixGe1.x) w cMeu^eH 

OTHOCHTenbHO Hero B CTopoHy MamneBoro yma fluarpaMMbi COCTOHHHH. 
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3BTeKTMKa     V 

ßrm Ka>xnoro m STMX ceneHHÜ 6binw onpeflejieHbt rpaHMijbi oßnac™ 

flByx(fca3Hbix npn <KpMCTanni<i3ai4MW a-Ai*Mgr2(SixGei.x>' cnjiaBOB. 3Ta 

oönacTb cwemeHa B cropoHy MamneBoro yma, HTO oöycnoBneHO 

3HaMmenbHO 6onbLuew, neM y KpeMHMfl n repiviaHM«, pacTBopMMOCTbio 

MarHMfl B arilOMMHMM. 

flBOMHaJI  3BTeKTMKa  HeTblpeXKOMnOHeHTHOM  CMCTeMbl Al-Mg-Si- 

Ge OTHOCMTca K orpaHeHHO-HeorpaHeHHOMy unaccy, pocT KOTopoü 

HaHMHaeTCfl c o6pa30BaHHH n flanbHeMiuero pocTa KpwcTannnKa 

MHTepMeiannnfla  Mg^SixGe!.,,).  3aTeM  M3  ero  BepuiviH  noflBnatoTCH 

OTpOCTKM       M       pa3BMBaeTCH      COÖCTBeHHO      SBTeKTMHeCKafl       KOJIOHMH. 

Mopeponorwa aBTeKTuseeKOM CTpyicrypbi 3aBwcnT OT cooTHOUjemifi Si:Ge 

M  M3MeHfleTCfl  OT HWCTO BOJ10KHMCTOM B TpOMHOM CMCTeMe Al-Mg-Ge flO 

nnacTMHHaTofi B cucTeMe Al-Mg-Si. 
: Tl0Ka3aH0, HTO TeMnepaTypa njiaBnenimr TpowHofi SBTeKTMKM 

AI+Mg2(SixGe1.x)+Mg5AI8 npaiawHecKM He MeHHeTca B saBwaiMoc™ OT 

cooTHOweHMH Si:Ge. OTCiOfla cneAyeT, HTO B KOwuieHTpamioHHOM 

TeTpasApe Al-Mg-Si-Ge B ceneHMflX c OöIUMM peöpoM Al-Mg M B 

rpaHMMHbix TpoMHbix cwcrreMax Al-Mg-Si n AI-Mg^Ge rwHMfl 

MOHOBapnaHTHoro sBTeKTMHecKoro npeBpaLMeHMJi MMeeT 6nn3Kne 

TeMnepaTypHO-KOHueHTpauiMOHHbie napaMeTpbi. TeMnepaTypa 

nriaBnew-ifl TPOMHOM SBTeKTMKM AI+Mg2(SixGei.x)+(SixGe1.x) 

He3HaMMTenbHO yMeHbwaeTCH BnnoTb RO cooTnomeHMH Si:Ge=1:1, a 

noTOM pe3KO CHM>KaeTcn c yBennneHneM KOHMempaMwi Ge flo 

TeMnepaTypw nnaBneHMfl TPOMHOM SBTeicrnKH AI+Mg2Si+Si (555°C). 

nonyMeHHbie pe3ynbTaTbi no3BonflioT onpeflenwTb B 

neTbipexKOMnoHeHTHoii CMcreMe Al-Mg-Si-Ge cocTaBbi flByxcpa3Hbix 

cnnaBOB, MMeiomux MaKCHManbHyio TeMnepaTypy n MMHMManbHbiü 

MHTepBan nnaBJiem-ifl, w ncnonb30BaTb MX KaK ocHOBy flnn pa3pa6oTKn 

HOBbix >KaponpOHHbix KOHCTpyKMMOHHbix MaTepwanoB. 

© O.M.Eapaöaw, K>.B.MunbMaH, MJB.BOCKOöOüHUK, H.P.Kop>Koea, T.H.JleeKaBi 2QO0r. 
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SBTeKTHKa      V 

TEMnEPATyPHO-KOHMEHTPAMMOHHblEOBJIACTM 

METAGTABMJlbHOCTH KAPBMAA M7C3 B CHCTEME Fe-C-Cr 

fl.KD. MoHoea 

HaL(MOHajibHafl MeTannyprnMecKaa aKafleMHfl YKpaMHbi, 

r.flHenponeTpoBCK, yKpanHa 

B nocneflHee BpeMH flocraTOHHo MHOTO BHHManwa yAe/ifleTca 

BnuflHMK) nepexoflOB MeTacTa6nnt>Hbix cpa3 B crabwribHoe cocroHHiie Ha 

KOHeHHyio crpyicrypy cnnaBOB. B STOM CBH3M npe,qcTaBrmeT HHTepec 

TpoMHan CMCTeMa Fe-C-Cr, Keropaa cny>KWT OCHOBOü arm 3HaMMTenbHOM 

nacTM copTaMeHTa 6enbix M3HOCOCTOMKMX HyryHOB. LUnpoKOMy 

ncnonb30BaHMio BbicoKOxpoMMCTbix HyryHOB M cnnaBOB cnocoöcTByeT 

KpncTannii3ai4Mfl SBTeicrMK Ha 6a3e flByx cneqnanbHbix xpOMUCTbix 

KapßnflOB: KyßMMecKoro Kap6n,qa M23C6 M TpuroHanbHoro KapöMfla M7C3. 

no3TOMy      onpefleneHne      neTKHx      rpaHnq TeMnepaTypHO- 

KOHqeHTpai^MOHHbix oönacTefi, B KOTopbix B03MO>KHa TpaHcqbopMaL(Mfl 

MeTacTaöwjibHbix npoMex<yTOHHbix cpa3 B cTaönnbHbie npeflCTaBrmeT 

npaKTHHecKMM MHTepec. 

CyujecTByeT 6o/ibiuoe KormnecTBO BapnaHTOB TpotöHoü 

flwarpaMMbi Fe-C-Cr, KOTopbie MO>KHO pa3,qenMTb Ha CTa6iinbHbie M 

MeTacra6nnbHbie. Ha pnc.1 npMBeaeHa cra6mibHa$i AnarpaMMa Fe-C-Cr 

[1], comacHO KOTopoii oönacTb KpMCTannn3ai4HM nepBMMHoro 

KyßMMecKoro Kap6n,qa flocruraeT oßnacTw KpncTanrw3ai4Hn aycTeWnTa. 

OflHaKo riMTaa crpyKTypa, ccpopMwpoBaHHaa npw TpaflMnwoHHbix 

CKopocTHX oxnax<fleHMfl, He cooTBeTCTByeT CTa6nnbH0M flwarpaMMe 

paBHOBecun. 

ripn 3TOM TpwroHanbHbiM Kap6nfl, a Taioke SBTeKTWKa Ha ero 

6a3e, cpopMwpyioTcn B cnnaBx TaKwx cocraBOB, B KOTopbix comacHO 

craönnbHOMy BapwaHTy flwarpaMMbi flonweH 6bm 6bi npw 

saTBepfleBaHMM BbiflenaTbca KyÖnnecKTM Kap6nfl. 

©Eutectica-V 
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3BTeKTMKa      V 

Cr7C* 

Pud  H30TepMMHecKayi npoeKi4nn CTaßmibHOü 

flviarpaMMbi Fe-C-Cr 

ilpwBOflMMbie   B   nuTepaType   MeTacTa6nnbHbie   BapwaHTbi   B 

3aBMCMMOCTM   OT   HajIMMMH   MJ1M   OTCyTCTBMfl   oßnacTH  >K+M23C6  Taiwe 

MoryT 6biTb nofleneHbi Ha ABe rpynnw. CoScTBeHHHbie MCcneflOBaHMa 

no3BonflK)T OTflaTb npeflnoHTeHwe MeTacTa6nnbHOMy Bapwam-y UJeBMyka 

J1.A.[2], comacHo KOToporviy Ha AwarpaMMe OTcyTCTByeT flByxcpa3Han 

o6nacTb >K+M23C6, B KOTopow nponcxoflHT KpncTanjiM3aqn5i crpyicrypHO 

CBOÖoflHbix KpMCTannoB Ky6nHecKoro KapSufla, a o6pa30BaHne 3BTeKTHKM 

Ha 6a3e TpuroHanbHoro Kap6wfla BO3MO>KHO fla>Ke npw OTcyTCTBMM 

>Kejie3a,T.e. B ABOMHOM cucreMe Cr-C. 

HarmHwe CTaSmibHoro v\ MeTacTaönribHoro BapnaHTOB 

fluarpaMMbi npeflonpeAenaeT Hankinne oßnacTeti, B KOTopbix ripn 

TepMnnecKOM   oßpaßoTKe   MHM   oxnaH^eHMM   nocne   3aTBepAeBaHMfl 
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3 B T e K T J4Ka      V 

npoMCxoAMT npn6nn>KeHMe K CTaowibHOMy paBHOBecnio KaK 

npoMe>KyTOMHOM cpa3bi, TSK M TBepfloro pacTBopa. CpaBHeHne 

M30TepMMMKCKOii npoeKqiw CTaÖMnbHOM cpa30BOM fluarpaMMbi c 

Bbi6paHHbiM MeTacTa6wnbHbiM BapwaHTOM no3BonsieT onpeflenmb 

oönacTM B03MO>KHbix nepexo,qoB MeTacTa6nnbHbix cpa3 B CTaSunbHbie. 

nocKonbKy BKnafl KapönflHbix cpa3, Beflyu^nx aBTeicrnHecKyio 

KpncTannn3ai4MK), B cpopMMpOBaHwe CTpyiaypbi M CBOMCTB cnnaBOB 

6onee BecoM, npomo3MpOBaHne oßnacTefi cpa30Boro nepexofla 

MeTacTa6mibHoro Kapötifla M7C3 B CTa6nnbHbiki Kap6n,q M23C6 

npeflCTaBxineT npekiMymecTBeHHbifi MHTepec. 

flo CMX nop Bee nccjieflOBaHUfl TaK Ha3bisaeMbix KapSuflHbix 

npeBpamehwfi, no,q KOTopbiMM apTopbi no,qpa3yMeBaioT nepexofl 

MeTacTa6nnbHbix 3BTeKTHMecKnx Kap6nflOB B CTaSmibHoe cocTOfiHue B 

CMdeMax Fe-C-Kap6nfloo6pa3yK3LU|Mfi aneMem", HOCHT   nn6o xapaKTep 

HeCKOnbKMX   eflMHMMHblX   pa3p03HeHHblX   nOJlMTepMMMeCKMX   "npoKonoB" 

flwarpaMM COCTOHHWH (T.e. paccMaTpwBatOTCH 2-3 OTflenbHbix cocraBa), 

nn6o CBOflnTca K nocTpoeHMK) "CTpyKTypHbix" fluarpaMM, BecbMa 

npn6nn>KeHHO xapaiaepki3yiomMX CTpyKTypoo6pa30BaHne npn 

3aTBepfleBaHMM c KOHKpeTHbiMM, Maine Bcero 6JIH3KMMM K 

npoMbiLuneHHbiM, CKOPOCTHMM oxnax<fleHkm. Me>Kfly TeM, oönacTM Bcex 

cpa30Bbix npeBpameHMM - M Kap6nflHbix, B nacTHOCTM, Bcer,qa wvteiOT 

neTKne TeMnepaTypHO-KOHMeHTpaqiiOHHbie rpaHnqbi Ha cpa30Bbix 

AnarpaMMax paBHOBecna. 

ComacHO [3] MeTacTa6mibHbie cpa3bi Moryr 6biTb no,qeneHb! Ha 

HOBbie (oTcyTCTBywu^ne Ha CTaßmibHOM fliiarpaMMe paBHOBecwa) M 

cpa3bi c orpaHMMeHHOM MeTacraonnbHOCTbK). nocneflHue (nMeioLqueca 

Ha CTa6mibH0fi flMarpaMMe) B onpefleneHHbix TeMnepaTypHO- 

KOHMeHTpaqnoHHbix oßnacTAX ABnaiOTCn CTaßunbHbiMM, HO B Tex 

oönacTfix, 3a cweT KOTopbix OHM pacainpaiOT npeflenbi CBOero 

cyLqecTBOBaHna, STM cpa3bi 0Ka3biBatOTcq MeTacTa6nnbHbiMn. HetpyflHO 
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3BieKTHKa      V 

BMfleTb, HTO orpaHnneHO MeTacTa6nnbHbie npoMe>KyTOMHbie cpa3bi MoryT 

BecTM ce6a ABOHKO npn TennoBOM o6pa6oTKe: npeBpam,flTbca B 

CTa6mibHbie MHM nonnocTbK> v\nw HacTWHHO. Bee 3aBWCHT OT TOTO, B 

KaKMX oßnacTax TPOMHOü cra6nnbH0M AnarpaMMbi o6pa3yeTca 

orpaHMHeHHO MeTacraßmibHaH cpa3a. ECJIM oHa 4>opMwpyeTCH B 

oönacTflx c MHWM TMnoM Kapßnfla, TO MX MO>KHO Ha3BaTb oonacTAMH 

FIOJIHOM MeTacTaSunbHOCTM, T.K. npw cooTBeTCTByioiii,tix ycnoBnax Bee 

100% MeTacTa6nnbHOfi KapÖMflHofi cf)a3bi npeBpamrca B craömibHyio. 

ECJIM MeTacTa6nnbHafl cpa3a 4>opMnpyeTcn B oßjiacrax c flByMH TunaMM 

Kap6nflOB, TO TonbKO Bnojwe onpefleneHHan nacTb orpaHnneHHO 

MeTacTaömibHoro KapßwAa OKaweTca cnocoÖHOM npeBpam,aTbCH B MHOM, 

CTaÖMJibHbiM Kapßufl npw TepMnnecKOM o6pa6oTKe. rioaTOMy TaKne 

o6nacTM MoryT 6biTb Ha3BaHbi o6jiacTflMw 4acTHHH0ü 

MeTacTaÖMJibHOCTM. flpyraa naerb 3Toro >Ke KapÖnfla flBJiaeTca 

CTa6njibH0Pi w He MoweT TpaHccpopMwpoBaTbCH B Kapßwfl MHoro Tuna npn 

BbicoKOTeMnepaTypHbix BbiAepxwax JIK>6OW creneHM AnMTenbHocTM. 

B cucTeMe Fe-C-Cr orpaHMMeHHO MeTacTa6mibH0fi 

npoMe>KyTOHHOM cpa3oPi ABrmeTCH Kap6nA M7C3. B 3aBncnM0CTM OT Toro, 

3a cneT KaKMX oßnacTeü - coAepwainiix no craömibHoii AwarpaMivie jwuib 

OAMH Tiin KapSnAa <M23C6), MJIH >Ke 06a BbicoKoxpoMMCTbix Kap6nAa (w 

M7C3 M M23C6) - Kap6nA M7C3 paciunpaeT oßnacTb CBoero 

cym,ecTBOBaHMfl, B03MO>KHa nw6o nonnas, nn6o MacTMHHan ero 

TpaHCCpopMaqnyi B CTa6mibHbm KapÖHA M23C6. 

06/iacTM, B KOTOpbix no CTaSunbHOMy Bapwam-y AwarpaMMbi 

Aon>KeH BbiAermTbCH TonbKO Kap6nA M23C6, a npu KpncTaruiM3ai4MM 

o6pa30Bancfl KapßnA M7C3l 6yAjrr oßnacTHMM nojiHoPi 

MeTacTa6njibHOCTM. TaKMMM oönacTaMM HBrmioTCfl: y+>K+M23C6; 

y+M23C6; a+M23C6; a+Y+M23C6; >K+a+M23C6; >K+M23C6 (pnc.2). 

OönacTM, B KOTopwx no CTaÖMJibHOü AHarpaMMe BO3MO>KHO 

cymecTBOBaHne    oßowx   TMHOB    KapÖMAOB,    a    npw   3aTBepAeBaHMM 
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SBTeKTMKa      V 

o6pa30Bancfl   TonbKO   Kapönfl   M7C3,   MO>KHO   OTHecru   K   oßnacTSM 

HaCTMMHOM    MeTaCTa6nnbH0CTbM.      B HMX    TpaHCCpOpMMpOBaTbCH      B 

m 
PMC.2 OßnacTM no/mow MeTacTa6nnbHOCTn Kap6nfla M7C3 
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SBTeKTHKa      V 

CTaSunbHbifi Ky6nHecKMM Kap6nfl 6y,qeT TonbKO sacrb Kap6n,qa M7C3, a 

flpyraa ero sacTb oCTaHe-rca TaKofi, IOKOII ccpopMnpOBanacb B 

pe3ynbTaie KpwcTannn3ai4MM. TaKWMH o6nacTHMM 6yAyT: M23C6+M7C3; 

>K+M23C6+M7C3; Y+M23C6+M7C3 /pwc.3/. KonwHecTBO npeBpam,eHHoro 

KapÖMfla MO>KeT 6biTb noflCHirraiHO B HMX no H30TepMMMecKHM ceneHMflM 

CTa6nnbHofi fluarpaMMbi flJia Kax<floro cnnaBa OTflenbHO. 

\ 

M23C6+MTC3 

\ 
\ 

PMC.3 06nacTM nacTUHHOM MeTacTa6nnbHOCTM KapÖMfla M7C3 
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SBTeKTMKa     V 

EHTAJlbnil 3MllUyBAHHfl B CriJlABAX nOTPIMHOI CUCTEMM 

Ge - Mn - Al B OBJIACTI KOHLJEHTPAUM, 3BArAMEHHX HA 

TEPMAHIM 

B.ßyöuHa, O.Benoöopodoea, T.3iHeeuH, nPouamea 

Kn'i'BCbKMü Ha^OHajibHMki yHiBepcmeT iMeHi Tapaca LLIeBweHKa 

M. KMTB, yKpa'i'Ha. 

flOCJliflXCeHHH       TepMOflMHaMiHHMX       BJiaCTMBOCTeM       nOTpiÜHMX 

anjoMiHi-eBMX cucieM 3 repMaHieM Ta 3d- MeTanaMM e Ba>KnnBHM y 

3B'fl3Ky 3 BMBHeHHAM npoL(eciB aMopcpi3aL4i'i nifl sac ujBWflKoro 

oxonofl>KeHHfl po3nnaBiB. 

B flaHifi po6oTi MeTOflOM BucoKOTeMnepaTypHoT i3onepn6oriNHoT 

KanopuMeTpiT [1] npn 1750 K Bnepixie flocniflweHO napqianbHi eHTanbniT 

3MiiuyBaHHn anioMiHiK) B noTpiwHM CHCTeMi Ge-Mn-Al flna cnnaßiB 

npoMeHeBMx nepepi3i'B i3 cTarwM cniBBiflHOiiieHHHM aTOMHMx qacroK 

repMaHiK) Ta NiatnraHy   xGe/xMn = 0.85/0.15 ,0.7/0.3 , 0.6/0.4 Ta 0.5/0.5 . 

flocniflM npoBOflmiHCH B aTMOccpepi aproHy. B po6oTi BMKOPMC- 

TOByBann repMamü MapKH rri3 - 1 (99.999%) , MaHraH eneicrponiTUHHHM 

(99.99%), aniOMiHifi cneiapanbHO MMCTOM. AK eTanoHHy penoBUHy 

BMKopucTOByBariM BonbdppaM loiacy A2 (99.96%). 

BcraHOBneHO,   1140   KOHi^eHTpaqiiiHa   3ane>KHicTb   napqianbHux 

eHTanbnifi aniOMiHiK) arm flocniflweHMx cnnaßiB  pi3Hnx npoMeHeBMx 

onucyeTbcn TaKMMM noniHOMaMM : 

flJiPi nepepi3y 3 xGe/xMn =0.85/0.15 

AHAi =(1- XA,)(-6,01 3521-20,1861 8XAI) (1) 

Ana nepepi3y 3 xGe /xMn =0.7/0.3 

AHA| =(1- xA,)(-11,86626-20,27033xA|+31,74412 xAI
2)        (2) 

flna nepepi3y 3 xGe/xMn =0.6/0.4 

AHA|=(1- xA,)(-16,42492-11,99031xA,+12,92627xA|2) (3) 

Arm nepepi3y 3 XGe/xMn =0.5/0.5 
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SBTeKTHKa      V 

AHA|=(1- XA|)(-19,98937-18,59239xAi+21,09367xAI2) (4) 

iHTerpanbHi eHTanbniT 3MiwyBaHHfl 6yno po3paxoBaHO i3 

napqianbHux flnn amoMiHiro 3a MeTOflOM flapKeHa B oönacri 

KOHqeHTpaqiM Bifl xAi = 0 AO XA! = 0.6. HeoSxiflHi f\m po3paxyHKy 

3HaweHHfl iHTerpanbHo! eHTanbniT 3MiwyBaHHH B noflBiPiHiPi cucreMi Ge- 

Mn 6yno B3HTO 3 po6oTH [2], B flocnifl>KyBaHiM oßnacTi KOHLjeHTpaLp Bei 

cnnaBM xapaicrepM3yK}TbCfi BJA'CMHHMM 3HaHeHHHMH iHTerpanbHux 

eHTajibnifi 3MiujyBaHHfl, HKi 3a a6conioTHHM 3HaneHHflM 3pocTaiOTb i3 

36iribiiieHHflM BMiciy MaHraHy (PHC). riOKa3aHO, mo Ana 6inbiiiocTi 

BMBHeHMX nepepi3iB 3 Xoe /XMO = const eK30TepMRHi TennoBi ecpeKTM 

cnnaBoyTBopeHHfl i3 flOflaBaHHAM aniOMiHiio nodynoBO 3MeHwyK>TbCH, 

npM HOMy 6ixibiii pi3Ke nafliHHfl cnocTepiraeTbcn npw xAi > 0.3. TaKa 

TepMOAMHaMiHHa noBeA'iHKa CBiAHHTb npo Te, mo OCHOBHMM BHecoK B 

TepMOAMHaiviiKy piAKMX cnnaßiß CMCTeMW Ge-Mn-Al B oSnacTi 

KOHLjeHTpaqm, 36ara«HeHMX Ha repMaHiw, BHoewTb B3aeM0Aia KOMnoHeHTiB 

B rpaHMMHifi noflBiMHiPt CMCTeMi Ge-Mn. 
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53,Ns8.-c.795. 

2.LUnanaK A.H.,Eeno6opoAOBa EA.BaTanwH T.H. TepMOAHHaMMHecKne 

CBOMCTBa   >KMAKMX   paCTBOpOB   CMCTeMbl   Ge   -   Mn   //H3B.   AH   CCCP. 

HeopraHMH. MaTepwanbi. - 1978.-14.-6.- c.992 - 996. 
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PHC. 3ane>KHicTb iHTerpanbHoT ema/ibni'i 3MiiuyBaHHH   Bifl       aTOMHoT 

sacTKn anioMiHiio B po3nnaBax noTpwHO'i cucreMM Ge - Mn - Al npw 

1750 K fl/w nepepi3y 3 xGe/XMn=const: 1 - 0.85/0.15;       2 - 0.7/0.3; 3 - 

0.6/0.4; 4-0.5/0.5. 

© BJJy6uHa, O.Bcnoöopodoea, T.3lHeeuu, Jl.PoMaHoea, 2000r. 
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SBieKTHKa     V 

CTPyKTyPH0-<PA30BblE COCTOflHHfl 3BTEKTH4ECKOI/1 

CHCTEMbl AJUOMWHHM - KPEMHHM 

B.<i>.Benoea,AM.Tpouß^,AM.r\ozopeno^, B.3.KucymK0b 

a) WIM HAHY. r.MaKeeBKa. -yKpawHa 

b) floHMUM.   r.floHei4K.   - yKpatiHa 

flwarpaMMa COCTOAHMM (AC) cucrreMbi Al - Si, M3BecTHaa n 

Hen3MeHHa« c Hanana XX BeKa, OTHOCMTCA K npocTbiM aBTeicrMHecKMM 

(Ta =■ 575 °C, Si3 = 11,7% ). npoMbiwjieHHbie cnnaBbi - cunyMMHbi 

flBJiaiOTCfi A03BTeKTMMecKMMW ( Simax = 12,0%), B MOflenbHbix cniiaBax 

KOHi4eHTpai4Mfi KpeMHMfl flOCTMraeT 20,0 - 30,0%. 

C noMombw HOBoro rpacpo-aHammiHecKoro MeTOfla nocrpoeHa 

nonnroHanbHan  flwarpaMMa   COCTOHHHH   (PlflC)   SBTeKTMHecKoro  Tuna 

CMCTeMbl aniOMMHMM-KpeMHMfi. 

Arm  nocTpoemifi  AC  ncnorib30BaHbi  MCcneflOBaHun  cpM3MKO- 

XMMMHeCKMX    M     CpM3MKO-MexaHMHeCKHX    CBOMCTB    MMCTblX    aniOMMHWfl, 

KpeMHMfl      M      MX     CnnaBOB      B     TBepflOM      H     WMflKOM      COCTOHHMHX 

(xapaKTepiiCTOHecKMe TeMnepaiypbi, KHHeMaTunecKafi BH3K0CTb, pa3Mep 

3epHa, njiacTMMHOCTb n npowHOCTb nojiMKpucTannoB). 

KpMTMHeCKMe TOHKH (°C) TBepflblX M >KMflKMX antOMMHMfi: 

Ai(350) -* A2(660) -> A3(750) -»• A,{900) -» A5(1050) -» A6(1200) -> A7(2300) M 

KpeMHMfl: 

Ki(350) -» K2(700) ->• K3(800)->  K4 (900) ->  Ks(1350) -> K6 (1420) -> K7 (1500) 

-> KB (1650)-> Kg (2600). 

Teopufl accoL|nnpoBaHHOM >KMAKOCTM no MOflenw rapMOHnnecKnx 

CTpyiayp (MTC-cpa3bi) AMCKpeTHbie 3HaHeHMa Ha nonirrepMax BA3KOCTM 

HMCToro aniOMMHMfl  B MHTepBane TeivinepaTyp nnaBneHmi (660°C) n 

30 
©Eutectica-V 



SBTeKTMKa      V 

KuneHMfl (2300°C) pacqivtaTpMBaeT KaK Me30MopcpH3M KnacrepoB 

KyÖMMeCKOM CMHrOHMM C pa3nHHHblM TMnOM ynaKOBKM T14K -*. Q14K -> flK 

nonn3flpuHecKMx M nojwroHanbHbix CTpyiayp, nepexofljui^MX B 

normroHanbHbie v\nv\ pa3ynopn,qoHeHHbie CTaTHCTMHecKne npw BbicoKwx 

neperpeBax Ha,q TeMnepaTypofi nnaBneHwa. CrpyiaypHbie npeBpameHWH 

B HMCTOM antOMMHMM OKa3blBaiOT BJIMflHHe Ha yCJIOBMfl 06pa30BaHI1fl M 

06/iaCTM  rOMOreHHOCTM  CHHMMMAOB  ajllOMMHMfl  BJlOTb f\0  3KBl<iaT0MH0r0 

cocTaßa.  ßpa  KpwcTajiJiimecKoro  KpeMHMfl  (flo  1350°C)  KpnTMMecKwe 

TOHKM       HBJIHIOTCH       CJieflCTBMeM       KOHMeHTpaqMOHHblX      CTpyKTypHblX 

npeBpameHMM    B    pe3yjibTaTe    o6pa30BaHna    MHTepMeTajiüMflOB.    B 

KpMTMHeCKOM      TOWKe      K5      npOMCXOflMT      TepMMHeCKOe      CTpyKTypHOe 

npeBpameHMe Tuna ri_|K -> OU|K, conpoBOKflaiomeecfl M3MeHeHMflMH 

Tuna xHMKinecKOM CBH3H OT KOBa^eHTHoPi K MeTannwnecKofi. npM 

nnaBJieHMM Mucroro KpeMHwa o6pa3yeTCH nojrwsflpuHecKafl MiflKocTb 

OI4K - crpyiaypbi, Koropaa coxpaHneTca flo KpMTKmecKcw TOMKM K7 

(1500°C) M nepexoflMT B nonnroHajibHyio OLJ(K->KMflKOCTb ,qo TOHKM K8 

(1650°C),      Korfla      o6pa3yeTCfl      pa3ynopnflOHeHHaa      TOTanbHaa 

CTaTMCTHMeCKafl      >KMflKOCTb.       M3J10Mbl       Ha       nOJIMTepMaX ,, BA3KOCTM 

cwnyMMHOB OTBenaiOT TeMnepaTypaM noniiTepM roMoreHHoc™ 

pacnnaBOB cmiMMMflOB anioMiiHkm. flra crmaBa AI+21,5 % Si, HanpuMep, 

o6pa3yiOL4erocfl Ha 6a3e cunnmifla anioMMHMfl AI3Si, oÖHapyweHbi 

MeTbipe npeBpaujeHMfl, HTO xopouio comacyeTca c riflC. 

nepBMHHan npoMe>KyTOHHafl cpa3a - CMjiMKoaniOMMHMM 

o6pa3yeTCfl Ha 6a3e MHTepNieTanjiMfla AI3Si npn 350°C (Si = 25,7 %), 

KOTopbiM cocymecrByeT npn 3TOM TeMnepaType c amoMUHneM M 

KpeMHMeM M pa3flenaeT CMcreMy Al-Si Ha flBe KBa3McncTeMbi: AI-AI3Si M 

Si-AI3Si. 3BTeKTMKa Me>Kqy Al vt AI3Si (T3= 575°C, Si3 = 11,5 %) OTBenaeT 

cocraBy CTexnoMeTpimecKoro xHMMsecKoro coeflMHeHMfi AI8Si, oö/iacTb 

roMoreHHocTM   KOToporo  B  KMAKOCTM   orpaHMneHa  nwHuefi   rwKBMflyc 

©Eutectica-V 
31 



3 B T e KTHKa     V 

Me>Kqy TOHKaMM nnaßneHnn ariKDMMHMH (660°C) M HHTepMeTanjiMfla AI4Si 

(640°C),   B TBepflOM eöCTOHHMM - KOHHOflOM 350QC. 

B CMcreMe Al-Si cymecTByeT nocneflOBaTenbHbiii pafl TBepflbix 

pacxBopoB Ha 6a3e XMMMHecKMx coeflUHeHMM AI3Si -» AI2Si -> AISi -> 

AISi2 ->• AISi3 -> AISi4 -> AISi8 c MH- M KOHrpysHTHbiMM TomraMH 

nnaBnem-m, KOTOpbie cooTBeTCTByiOT TeMnepaTypaM CTpyiaypHbix 

npeBpai^eHnii WMflKoro an 10 MM HUH (750 -» 900 -» 1050) flnq cnnniJ|MflOB 

anHDMUHMH flO 3KBMaT0MH0r0 CTeXMOMeTpMMeCKOrO COCTaBa. 

HHTepMeTannnflbi   3aaKBnaTOMHoro   cocTaBa   (amoMHHMflbi   Kpeumn) 

OTHOCflTCH    K    XMMMHeCKMM    COeflMHeHMHM    C    MHK0Hrpy3HTH0M    TOMKOM 

nnaBneHwa (KpoMe AISi3). 

flna nMTbix cnnaBOB Tuna AK7 nocne TepMHHecKofi o6pa6oTKW B 

>KMflKOM COCTOHHMM npii neperpeBax Bbime AMCKpeTHbix TeMnepaTyp (15- 

20 °C) noBbimaiOTcn MexammecKwe CBOMCTBa nonnKpuciannoB: npe,qen 

npoMHOCTM flo 215 Mna (B MCXOAHOM - 150 Mna), OTHOCMTenbHoe 

yflnnHeHne flo 3,2 % npoTMB 1,2 %, flnuwa uronbnaToro KpeMHmi B 

MMKpocTpyKType nojikiKpwcTannoB CHMwaeTCH flo 150 MKM npoTMB 500 

MKM B MCXOflHOM COCTOHHMM. 

nojiyseHHbie pe3ynbTaTbi noKa3biBaK)T B03Mo>KHocTb 

ncnonb30BaHna nonnroHanbHbix fluarpaMM COCTOHHMH IOK 

TexHojiomHecKofi KapTbi ana BbinnaBKM M TepMimecKOPi o6pa6oTKM 

cunyMMHOB 3aflaHHoro cocTaBa c Ljenbio nonyneHHfl 3a,qaHHoro ypoBHH 

CpM3MKO-MexaHMHeCKMX CBOÜCTB. 

© E.0.Eenoe, A.M.TpoifaH, A.H.rtoeope/ioe, B.3.KucyHbKO, 2000r. 
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SBTeKTMKa     V 

O HPHMEHEHMH HEPBOnPHHUHnHOrO nCEBflOnOTEHUHAJIA K 

HCCJIEflOBAHHK) CnJIABOB LUEJIOMHblX METAJIJIOB B 

TBEPflOM H >KMAKOM COCTOflHHHX 

B.A.KpauiaHUHUH, H.3.£[y6uHUH 

HHCTMTyT MeTanjiyprMM YpO PAH 

r.EKaTepuHßypr, Poccwa 

PaccMaTpuBaiOTCH        cnnaBbi        mencMHbix        MeTannoB, 

flBJiaiOlUMeCfl     3BTeKTMHeCKMMM     CMCTeMaMM.     B     paßcnre     [1]     HaMH 

npeßJioweHa       oömaa       cxeMa       MHKpocKonkinecKoro       pacMeia 

TepMOflMHaMMHeCKHX   CBOMCTB   MHOrOKOMnOHeHTHblX   HeynopnflOMeHHbix 

TBepflbix pacTBopoB, ncnonb3yfl MeTOfl BapwaL(MM KnaciepoB. ripn STOM 

CBo6oflHan 3Hepran CMCTeMbi HMeeT BMA 

J W \ (1) 
j=\ s      iels 

'Vis 

rAe MHfleKC 5 HyMepyeT KJiacTepw, B KOTOpbix yqnTbiBaeTcn 

B3anMOfleiicTBMe, Is - MHCDKecTBO KOHCpurypaqwM KnacrepoB Tuna s, i - 

HyMepyeT KOHcpMrypaqwi K/iacrrepa, a/s - AOJIH KnaciepoB KOHCpurypaqnn 

/ cpeflM Bcex KJiacrepoB Tuna s, T]/s - KpaTHOCTb BbipoxfleHMn Knacrepa 

Tuna is, ys - KoscpcpMLiweHTbi XMMaHca M ne 6ypa, k - nocTOHHHaa 

BonbL(MaHa, 7-TeMnepaTypa, JecTb m-ic.no noriHOCTbio ynopnqoHeHHbix 

CTpyicryp (iiyC), SHepriw CBH3M Ej KOTOpbix Heo6xo,qiiMo 3HaTb arm 

npoBefleHMH pacneTOB, y; - K03cpcpMMneHTbi, CBfl3aHHbie c BejiMHMHaMw 

a,s     riMHeÜHblMM      COOTHOLUeHUflMM.      He3aBMCMMblMM      nepeMeHHbIMM, 

xapaKTepM3yiou4MMM CTpyicrypy TBepfloro pacTBopa HBJIHK>TCH BenwHHHbi 

y. Mwcno MX B o6uneM cnynae 3HaHHTeribH0 MeHbiue neM MMCJIO BejiiiHWH 

a. npn 3TOM MMCJIO SHepreTMHecKwx napaMeTpoB E Towe 3HaHMTenbHO 

MeHbiue HMcna aHanoniHHbix napaMeTpoB B TpaflML|MOHHOM MeTOfle 
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BapMaqnM KnacrepoB, KoropbiMki B HeM nßnaiOTC« scJxpeicrMBHbie 

3Heprnn CBA3M KnacrepoB. CneflyeT OTMeTMTb, HTO BbipaxeHne (1) 

nonyweHO TOHHO B par/wax MeTOfla Bapnai4HM KnacTepoB. B cooTBeTCTBMM 

c 3TMM npeflnaraeTca cnocoß Bbi6opa nyc, Ha3bmaeMbix 

He3aBMCMMbiMM, xapaKTepMCTMKM KOTopux MOWHO JierKO (no cpaBHeHwio c 

OHepniflMM CBH3M B KJiacTepax, Haxoflainuxca B Kpucra/uie) BbNMcnuTb 

MUM M3MepnTb SKcnepwMeHTanbHo. flaHHan cxeMa pacMeia 

TepMOflMHaMMHecKnx CBOMCTB MHoroKOMnoHeHTHbix HeynopHAoneHHbix 

TBepflbix pacTBOpOB MOxreT 6biTb npMMeHeHa K nioooMy TBepflOMy 

pacTBOpy c npon3BonbHOM KpucTannunecKOii peweTKOii. 

B KanecTBe npwMepa paccMaTpuBaKrrca 6nHapHbie TBepflbie 

pacTBopbi menoMHbix MeTanxioB Li, Na, K M Rb. 3Heprnn MX riYC 

paccHMTbiBaiOTCfl B npe,qno>KeHHOM HaMn BapnaHTe MeTOAa 

nceBflonoTeHMkiana   m   nepBbix  npnHi4nnoB   [2],   B   KOTOPOM   pacMeT 

3KpaHWpyiOLMMX SCpCpeKTOB npOBOflMTCH C MCnOJ1b30BaHMeM MCTMHHblX 

BOJIHOBblX     CpyHKLJMM     3/ieKTpOHOB     npOBOAMMOCTM.     3T0     n03BOJ1MJ10 

MCKJiioHMTb M3 paccMOTpeMMH TaKne noHATMfl KaK adpdpeKrmHan 

BaneHTHOCTb M opToroHann3ai4MOHHaa flbipKa, BbinwcneHne 

pacnpeflejieHM« rmoTHOc™ 3apnqa KOTOPOM Bbi3biBaeT 6onbUJne 

TpyflHOCTM, a TaioKe BbinwcjiMTb cflBurn sHepraü odOBHbix sjieicrpoHOB 

3a CMeT B3anMOAeficTBMfi c HeoflHopoflHofi nacTbio pacnpefleneHMH 

njiOTHOCTM sneiapoHOB npoBOAHMOCTM. npoBeAeHHbie pacneTbi 

CBOBOAHOM sHeprnn M CB060AHOM 3Heprnw CMeweHMfi STMX TBepAbix 

pacTBOpoB no3Bonnnn nocrpoMTb MX AMarpaMMbi COCTOHHMH. ripn STOM 

Una CMcreMbi K-Rb B TBepAOM COCTOHHMM pacneT AaeT HeorpaHnneHHyio 

paCTBOpMMOCTb. 

ripuBJieKaTejibHOM BbirmiAMT MAea nocrrpoeHMfl 

nepBonpMHUnnHOki Teopnw f\na KormHecTBeHHoro H3yMeHn« 

paccMaTpMBaeMbix CHCTeM TaioKe M B >KMAKOM COCTOHHMM. C STOW Ljenbro 

Ann      pacMeia     TepMOAMHaMnnecKHX     CBOMCTB     TaKMX     cucreM 
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npeflnoweHHbiM Bapnam- MeTO/ja nceBflonoTeiHL(kiana H3 nepBbix 

npiiHMnnoB ncnonb3yeTCH coBMecTHo c BapnaLinoHHbiM MefoflOM 

TepMOflMHaMMMecKOfi Teopwew B03MymeHw(i. PacseTbi npoBOflHTca B 

npw6jin>KeHMM napHoro B3aMMOflewcTBM5i, KOTOpoe ormcbiBaeTca B 

npn6nn>KeHMM Teopwn nceBflonoTeHqwana. TlpHMeHeHne 

TepMOflMHaMMMecKOfi TeopMM B03MymeHMl1 [3] CBH3aHO C B03MO>KHOCTbK3 

MCKJIKDMeHMfl      npi-IBOflHIUHX      K      60JlbUI0M      MTOrOBOM      norpewHOc™ 

BbNMcneHwPi aTOMHbix cfcymojHPi paflwanbHoro pacnpefleneHcm H3 

napHbix noTeHL|nanoB nyreM TexHMKn HHTerpanbHbix ypaBHeHnfi. 3TO 

oöycnoBJieHO TeM, MTO B TepMOflMHaMMMecKOfi Teopiw B03MyineHMä 

CMJibi npHTJOKemifl Me>«fly aTOMaMM paccMaipMBaioTca KaK B03Myu^eHne 

OTHOCMTexibHO cnji OTTanKMBaHMH. Torfla CTpyicrypa wccneflyeMbix 

pacrmaBOB MO>KeT 6biTb onwcaHa nepe3 HeB03MyuieHHyio qacTb 

CMCTeMbi, TO ecTb cMCTeMy cpaBHeHMH, 3a KOTopyio B BapwaqnoHHOM 

MeTOfle npMHMMaeTca cucTeMa TBepflbix ccpep. PacneTbi nofloÖHoro 

Tuna MHTeHCMBHO npoBOflnnwcb paHee, oflHaKO c fläHHbiM BMAOM 

nceBflonoTeHL(Mana TaKofi pacneT npoBOflHTca BnepBbie. flocTMmyTO 

yjiymueHne pe3ynbTaTOB no cpaBHeHmo c pe3yribTaTaMM, nonyMeHHbiMM 

paHee [4] aHanorMHHbiM cnocoöoM npn ncnonb30BaHMM MOfleribHoro 

nceBflonoTeHi4iiana AmiMany-XeUHe. nonyneHO xopoiuee comacne c 

3KcnepnMeHTanbHbiMM flaHHbiMH. 

Pa6oTa BbinonHeHa npw cpuHaHCOBOM noflflepwKe P$0|/| (npoeia 

NS99-03-32317) 
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PA3J1H4HWE TEOPETHHECKME nOflXOflbl K OI1HCAHWO 

CTPYKTYPHblX «DAKTOPOB 5XATHA - TOPHTOHA EHHAPHblX 

3BTEKTHMECKHX CMCTEM mEJIOMHblX METAJIJIOB 

H.3. MyÖUHUH, K.K). LUytwee, V\.B. EoHdapenKO, B.J1. JIUCUH 

HHCTMTyT MeTajinypruM YpO PAH 

r.EKaTepuHÖypr, POCCMH 

OcOÖeHHOCTbK)    3BTeKTMHeCKMX   CMCTeM    B   XWflKOM    COCTOflHkW 

HBrmeTca, KaK npaBuno, Hannnne TeH,qeHi4HM K paccnoeHmo. OAHMM M3 

cnocoÖOB BbmBneHMH TaKofi TeHfleHqMM nBnaeicn aHann3 3aBHCMMOCTM 

fljiwHHOBO^HOBoro npeAena napL|naiibHoro CTpyKTypHoro cpaKTopa 

ExaTna - TopHTOHa [1] "KOHqeHTpaqHfi - KOHL^m-pam-ia" Sco(0) OT 

cocTaBa CMecw. flaHHaa BenuHMHa MO>KeT 6biTb onpeAeneHa flByMa 

cnocoöaMw: HanpaMyio - M3 napL^anbHbix CTpyiaypHbix cpaicropoB Sjj(q), 

uriM    KaK    BTOpaa    npon3BOflHafl    CBO6OAHOM    3Hepran    Tußöca    no 

KOHLjeHTpaMHM.   npM TeOpeTMMeCKOM  OnMCaHMM  nepBbIM   nyTb  B03MO>KeH 

TonbKO B paMKax npn6nM>KeHMM, ocHOBaHHbix Ha CTporow Teopnn 

>KMflKoro cocTOflHMfl. BTopoü nyTb ocymecTBMM TaioKe npw 

Mcnonb30BaHMM pa3iiMMHbix nony3MnnpnHecKMx MeTOflOB. Ha Ham 

B3rnnfl, npeflCTaBrmeTca MHTepecHbiM oqeHMTb BO3M0>KHOCTM STHX flByx 

npuHMnnnanbHo pa3nnMHbix noflxoflOB B KOJiMHecTBeHHbix 

MccneflOBaHMflx Scc(0) önHapHbix MeTannunecKux pacnnaBOB. KßaHTOBO 

-     CTaTMCTMMeCKMM     paCMeT     OCymeCTBnfleTCfl     H8MM     TpaflMMWOHHblM 

cnocoöoM coBMecTHoro ncncmb30BaHHH TCXHHKM MOflenbHoro 

nceBAonoTeHqwana c BapwaqwoHHbiM MeTOAOM TepMOAMHaMnsecKoii 

TeopwM B03MymeHnPi. M3 öonbLUoro pa3HOo6pa3HH cymecTByioiAMx 

nony3MnnpnMecKMx MeTOAOB Mbi Bbi6pann AHA ncnonb30BaHMfl paHee 

npeAiio>KeHHbiM HaMU w xopoiuo ce6a 3apeKOMeHAOBaBLUHM Bapwam- 

MOAejnM MAeanbHoro accoqnnpoBaHHoro pacTBopa, coAep>Kaw,ero 

KOMnneKCbi pa3Horo pa3Mepa M cpopMbi. B KanecTBe 06-beicra 

MCcneAOBaHMH öbirw B3HTbi 3BTeKTimecKne cncTeMbi Na - K, Na - Rb n 

Na - Cs, umpoKMM Kpyr TepMOAMHaMnnecKnx CBOMCTB KOTopbix 6bin 

panee AOCTaTOMHO AeTanbHO M3yneH BbiujeHa3BaHHbiMM MeTOAaMM. 

LBhatia A.B., Thornton D.E. //Phys. Rev. B, 1970, V. 2, Jfs 8, P. 3004-3012. 
©H.3. ßyöuHUH, KM. UJywtee, M.B. BoHdapeHKO, B.J1. JIUCUH, 2000r. 
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TEPMOAMHAMUMECKHE CBOHCTBA PACnJUABA Na-K-Cs 

SBTEKTMMECKOrO COCTABA 

T.B. Tpecpunoea, H.3. JJyöuHUH, H.A. BamonuH, A.A. KDpbee 

HHCTMTyT MeTannyprMM YpO PAH 

r.EKaTepHH6ypr, POCCMA 

PacnnaBbi mejiOHHbix MeiannoB Bbi3biBawT ocoßbw MHTepec 

ncc^eflOBaTeneii no flByM npMMMHaM: c TeopeTunecKofi TOHKM 3peHna - 

noTOMy MTO OHH B cany npocTOTbi CBoero aTOMHoro M aneirrpoHHoro 

CTpoeHwa, no cpaBHeHMto c flpyrwvm MeTannaMM, HBnaioTCfl nfleanbHbiM 

06"beKT0M RHR TeCTHpOBaHMfl M COBepHieHCTBOBaHUn pa3nnHHbix 

KBaHTOBO-CTaTMCTMHeCKMX MeTOflOB KOnUHeCTBeHHOTO OnHCaHMS >KMflKOrO 

MeTannnHecKoro COCTOHHMH; c npaKTunecKOM - nocKonbKy ncnorib3yiOTCfl 

B npoMbituneHHOCTM B KanecTBe TennoHOCMTenePi. ripHKnaflHoti nHTepec 

B HaußojibiueM CTeneHM npoflBrmeTca no OTHOweHMH K 

MHoroKOMnoHeHTHbiM pacnnaBaM, o6jia,qaiOLHHM, B orjiMHue OT wMCTbix 

MeTannoB, paflOM cneqHcpkiHecKHX TexHOnornnecKHX CBOMCTB. TeM He 

MeHee KonnMecTBO HMeiomieficfl OKcnepuMeHTanbHOM nHCpopi\/iai4MM o 

Ha3BaHHbix cucTeMax cymecTBeHHO yMeHbLuaeTca c yBermneHkieM Mwcna 

KOMnoHeHTOB B cnnaBe. B CBH3M C STMM TeopeTkinecKMe MccneflOBaHMa 

MHoroKOMnoHeHTHbix cucTeM menoHHbix MeTannoB npnoßpeiaioT 

flonojiHMTenbHyio 3HaHMMOCTb. B HacToamefi paöoTe c ncnonb30BaHneM 

MOflMcpHqupoBaHHoro HaMM noKaribHoro MOflenbHoro nceB,qonoTeHL(nana 

AHMMany-XeiiHe usynaeTCfi cMCTeMa Na-K-Cs 3BTeKTHHecKoro cocraBa 

(cNa=0.139, cK=0.435, cCs=0.426), .qua KOTopoii MMeiOTCH 

OKcnepMMeHTanbHbie 3Ha4eHMH Tennoibi CMeiueHMfl Ha MHTepBane 

TeMnepaTyp 400 - 1200 K. flocTHmyro xopoujee comacne pe3ynbTaTOB 

pacneTa .qaHHOM xapaKrepucTHKw c SKcnepuMeHTOM. HsyneHbi TaK >Ke 

flpyrne CBOMCTBa paccMaTpwBaeMoro pacnnaBa, flna KOTopbix 

SKcnepuMeHTaribHbie flaHHbie OTcyTCTByiOT. 

Pa6oTa BMnojraeHa np« ncMwepjKKe POCCHHCKOI-O (j)oima 4>yHflaMeHTajii>Hi>ix 

HCcneAOBaHprii (npoeicr JVa 99-03-32317a). 

©T.B. Tpecpunoea, H.3.ßyöumiH, H.A. BamonuH, A.A. lOphee, 2000r. 
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TEPMOAHHAMIKA PlflKMX CHJIABIB CHCTEMH Al-Cu-Si 

fl. KaHi6oiioi4bKUü, O. Benoöopodoea, B. CmyKano, H. Komoea, 

T. 3iHeeuH 

Kn'i'BCbKMM HaqioHajribHMM yHiBepcmeT iMem Tapaca LUeBMeHKa 

M.KM'IB, YKpa'i'Ha 

CnnaBM     cMCTeMM     Al-Cu-Si     xapaKrepM3yiOTfaCH     umHkiMw 

JIMBapHMMH, TeXHOnoriHHMMH, MexaHiHHMMM i C(3i3MMHMMM 

BnacTHBOCTflMM. BucoKa piflKonnnHHicTb Ta BiflHOCHO Mane niHMHe 

ycafl>KeHHfl A03Bonae oTpuMyBaTu 3 MUX cnnaBiB cioiaflHi peöpucTi 

fleiani flna ABwryHiB BHyrpiuJHboro 3ropaHHH. 

y flanm poöOTi 6ynn BMBHeHi TepMOflMHaMMHi BnacTHBOCTi 

piAKMX cnnaBiB CMcreMH Al-Cu-Si MeTOflaMM BMCOKOTeMnepaTypHoT 

i3onepw6oniHHoT KanopuMeTpiT npw 1750 K Ta eneicrpopywiPiHHX cwn B 

im-epBani TeMnepaTyp 1070-1255 K. KpiM Toro 6ynn po3paxoBaHi 

iHTerpanbHi eHTanbnii Ta HaflnwiUKOBi eHepri'i n66ca 3MiujyBaHHH' 3a 

MeTOflOM BoHbe-Ka6o i3 BUKopucTaHH^M niTepaTypm-ix ßwepen p,nn 

rpaHMHHMx noflBiMHMX cucreM i eKcnepiiMeHTanbHUX BennHMH A/^flna 

cnnaBiB Al-Si [1]. 

CMCTeMa Al-Cu-Si 6yna Bnepwe floeniflweHa HaMM y 1997 p. 

KanopMMeTpMHHMM MeTOflOM [2]. OflHaK flOflaTKOBi flocnifl>KeHHn 

po3nnaßiB Al-Si i noBTopHi eKcnepMMeHTM flna noTpmHi-ix cnnaBiB 

fl03Bonnnn   fleino   yTOHHUTM      xifl   i3oniHiü   iHTerpanbHO'i   em-anbniT 

3MiUjyBaHH51. 

TlpoTe KanopwMeTpMMHMM eKcnepuMeHT He flae M0>xnMB0CTi 

OTpuMa™ TaKi Ba>KnMBi flna 3acrocyBaHHfl cnnaBiB BenMHUHH AK 

TepMOflMHaMNHa aKTMBHicTb, eHepria I~i66ca Ta eHTponia 

cnnaBoyTBOpeHHfl.    ToMy    p,nn    BMBHeHHH    8    noTpiüHHX    cnnaBiB, 

po3Tai±iOBaHMX  Ha  npoMeHeBnx  nepepi3ax   XQU / XSi =0,70/0,30  Ta 
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0,85/0,15   (3   xAl=Q,2;   0,4;0,6   Ta   0,8)   6yno   3actocoBaHO   MeTOfl 

eneKTpopyuiifiHMx cun 3 piflKMM eneicrpojiiTOM p,nn KOHi4eHTpaL(MHnx 

eneMeHTiB BHfly: 

-W|AlpiflK.| po3nnaB KCI+NaCI+AICI3| AI-Cu-Si|W+. 

OTpMMaHi flaHi HaBe,qeni B Ta6nnqi. 

EKcnepMMeHTanbHi AOcniAweHHH TepMOflMHaMiHHux 

BnacTMBOcreü noTpiiiHiix MeianMHux CMcreM e flocMTb TpyflOMicTKMMn. 

ToMy oco6nMBe 3HaneHHn Mae po3paxyHOK TepMOflMHaMiHHux 

xapaKTepMCTMK y BCbOMy KOhmempaLjMHOMy TpwKyTHMKy 3a flahWMH ana 

rpaHMHHMX noflBiviHMX cucTeM. HaMM 6yno po3paxoBaHO BennnnHM AH i 

AGMa n 3a MeTOflOM BoHbe-Ka6o. L4efi MeTOfl BMKopucTOByeTbca y 

BunaAKy, KOJIM oflHa 3 rpaHHMHux noflBiwHux cucTeM 3a BJiacTHBOCTflMM 

Ha6nn>KaeTbcn flo peryrmpHoT (Al-Si), a y ABOX JHUUMX cnocTepiraeTbca 

3HanHa B3aeMOAi5i KOMnoHemiB. 

TaSriHqji 

TepMOAMHaMNHi BJiacTMBOCTi piAKHX cnnaBiB cucieMU Al-Cu-Si 

npn1173K 

nepe- 

pi3 
Xcu/x^i =0,70/0,30 XQU/Xsi =0,85/0,15 

xAl aAl JAI 
—nadji. 

AGAl 
KflXt/MOJlb 

— nadn. 
AS Al 

fljK/MOJIb-K 

aAl 7 Al AGT 
Kflw/Monb 

-mdn. 
Ab Al 
fl)K/MOJ1b-K 

0,2 0,046 0,299 -14,35 0,44 0,019 0,096 -22,88 5,32 

0,4 0,173 0,432 -8,20 3,52 0,159 0,396 -9,03 3,49 

0,6 0,499 0,831 -1,80 -0,21 0,462 0,669 -2,56 0,46 

0,8 0,763 0,954 -0,46 -0,26 0,755 0,944 -0,57 -0,07 
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OTpMMaHi   A3Hi   y3rofl>KyK)TbCfi   3   eKcnepuMeHTanbHMMM,   mo 

CBiflHMTb    npO    BJACyTHiCTb    B    CMCTeMi    Al-Cu-Si    3HaHHMX    nOTpiMHMX 

B3aeiviofliM. 

CwcTeivia Al-Cu-Si xapaKTepw3yeTbCfl BJA'GMHMMM BiflxmieHHSRMM 

Bifl ifleanbHOCTM. HawMewni Bifl'eMHi BexiMHUHH AH i AGHadjl 

cnocrrepiraioTbCfl B rpamiMHift noABifiHw cHcreMi Al-Si, mo HanewwTb AO 

CMCTeM npocToro eBTeKTMHHoro Tuny. B cwcreMax we Al-Cu Ta Cu-Si Mae 

MiC14e  3H8HH0   ÖijlbWa   B3aSMOAifl   Mi>K  KOMnOHeHTaMM,   HKa   i   BM3HaMae 

TepMOAMHaMiHHy noBeAiHKy noTpiiiHMX crmaßiB. BiAnoßiAHO y noTpiwHiü 

CMCTeMi cnocrepiraeTbcn 36ijibi±ieHHH BJA'CMHHX snaneHb A/7 i AGHa n 

npii nepexoAi BJA CTopoHM Al-Si AO MiAHoro Kyra KOHMem-paMiüHoro 

TpMKyTHMKa. 

niTEPATYPA 

1. Beno6opoAOBa E. , KaHMöonoi^Kufi fl., 3nHeBMH T., KoTOBa H. 

TepMOAMHaMMMecKMe CBOücTBa >KMAKMX cnnaBOB anioMMHHfl c KpeMHueM. 

- B KH.: EBTeKTMKa IV. HayKOBi npaqi. MixwapOAHa KOHCpepeHqm. - 

flHinponeTpOBCbK, 1997. - C. 80. 

2. BenoSopoAOBa E. A., 3nHeBHM T. H., KoTOBa H. B., KaHwSonoqbKUM fl. 

C, U4ep6aKOB B. M. KanopuMeTpn^ecKoe onpeAenemie am-ajibnuü 

CMeiüeHMfl B TpoüHofi cwcTeM Si-Cu-AI // npoqeccbi nuTbfl. -1997. - N° 2. 

- C. 3-9. 

©fl. KaniöonoubKuü, O. Benoöopodoea, B. Cmynano, H. Komoea, T. 3iHeeui, 2000r. 
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MOflEJHOBAHHfl TEPMOflUHAMIHHMX BJ1ACTHBOCTEM 

P03MHHIB B KBA3in0flBIMHHX CHCTEMAX TiB2—B4C (TiC, C) 

B.r. KydiH, B.A. MaKapa, B.C. Cydaeu,oea 

KMi'BCbKMM yHiBepcMTeT iMeHi Tapaca ULIeBMeHKa 

M.KM'IB, YKpama 

CnnaBH i cnonyKM, mo MicTsrrb 6op, B ocTaHHe flecHTMpiHHH 

3HaxoflflTb uunpoKe 3acTocyBaHHn AK >Kapo-, KoposwHOCTMKi, TyronnaBKi 

Ta HaflTBepfli MaTepiann.B 3Bfl3Ky 3 14MM MeToio poöoTM e po3paxyHOK 

TepMOflMHaMiHHMX BJiaCTMBOCTeM  nOflBJMHMX po3nnaBiB  CUCTeM:  TiB2— 

B4C (TiC, C). 

fliarpaMU CTaHy uytx KBa3inoflBiCiHnx cwcreM BMBnem i BißHOCHTbca 

flo eBTeKTMHHoro Tuny. ToMy MM cnpo6yBann po3paxyBa™ aKTMBHOCTi 

KOMnOHeHTJB   CMCTeM B piflKOMy CTaHi. 

BiflOMO, mo BMCHOBKM npo xapaicrep Mi>KMacTKOBoT B3aeMO,qiT 

MO>KHa 3po6iiTM J3 TepMOflMHaMJMHMX (Tfl) B/iacTMBOcreM po3HMHiB. Ane 

Tfl BnacTHBOCTi po3nnaBiB CMCTeM TiB2—B4C (TiC, C) AO qboro nacy He 

BMBHeHi, ocKinbKM odaHHi BiflHocflTbCfl flo CKnaflHMx 06'eiariB 

flocniflweHHfl. Toiwiy MM npomo3yBann aianBHOCTi KOMnOHemiB 3 Tx 

fliarpaM crraHy AexiribKOMa BJAOMMMM cnocoöaMw. 

HaMn 6yno BCTaHOBneHO, mo flnn o6jiacri piBHOBa™ TBepflMM 

KOMnoHeHT -po3nnaB HaiiKpainnM flna o6<-mcneHHH aKTHBHOCTew 

KOMnoHeHTiB e piBHHHHa lllpeflepa: 

AGj=AS nn (T-T™), 

fle ASm, T nn - emponm i TeMnepaiypa nnaBneHHH /'-ro 

KOMnoHeHTy, a T ~ TeMnepaiypa nnaBJieHHH po3nnaBy. 

TaK HK cninbHUM B ycix po3rrmHy™x cwcTeMax e flMOopufl TMTaHy, 

TOMy MM B nepiuy nepry O6HMCJIMJ™ aicrMBHOcri qboro KOMnoHeHTy. 

Ajie eHTanbniT nnaBneHH« po3mflHyTMX TyronnaBKMX cnony« He 

BMBMeHi,   TOMy   MM   cnoMaTKy   po3paxyBann   em-ajibniio      nnaBneHHH 
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fln6opnfly TMTaTy no aflflMTMBHOMy 3aKOHy,BMKopncTOByiOHki flaHi fl/ia 

npocTux penoBMH. BmiBMnocb, mo emponm nnaBJieHHH fln6opnfly maHy 

flopiBHioe 6 fl>K/Monb-K. 

B oßnacTi piBHOBar C-po3nnaB aicrkiBHOCTi TiB2 

npoeKCTpanoiibOBann. Ue fl03Bonnno BweopMcraTM Tx Ana imerpyBaHHH 

piBHAHHfl ri66ca-flioreMa. OflepwaHi TaKMM HMHOM aicrMBHOCTi TiB2 B yciPi 

o6nacTi cKnafliB anpoKCHMyBann noniHOMaMM Ta BWKopncTanw p,nn 

HMcenbHO-aHaniTMHHoro im-erpyBaHhrn piBHHHhm n66ca-fltoreMa. Ha 

pucyHKy npeflCTaBneHO o6HMcneHi aKTMBHOCTi KOMnoHeHTiB piflKMX 

po3nnaBiB CMCTeMMTiB2—C. 

0 0        0,2        0,4 Y   0,6       0,8        1,0 0,0       0,2       0,4       0,6       0,8       1,0 

l,U- 

0,8- / 

0,6- 

0,4- 

0,2- 

/ \ 
\ 

1———1 1— 

0,0        0,2 0,4        0,6 
y 
/xTT(l or- 

0,8        1,0 
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AKTMBHOCTI KOMnoHeHTiB po3nnaBiB KBa3ino,qBiüHMx cucieM TiB2—C (TiC, 
B4C, TiCos) 

BuKopucTOByiOHM OTpMMaHi aKTMBHOCTJ Byrneqio i KOopflMHa™ niHiV 

jiiKBiflyc fliarpaMM CTaHy CMCTCMM TiB2—C, po3paxyBanw eHTponito 

nnaBiieHHfl Bymeqio (9 fl>x/MOjib-K). BcTaHOB/ieHO, mo Mix< TiB2 i C B 

piflKOMy CTaHi nepeBa>Kae B3aeMO,qm Mi>K oflHOTMnHMMM nacTKaMw. He 

MO>KHa nOflCHMTM p03MipHMM CpaKTOpOM. 

flani 6ynn po3paxoßaHi emajibni! Ta emporin nnaBneHHH TiC. U,e 

fl03Bonnno OTpMMa™ aKTMBHOCTi KOMnoHeHTiB B po3rmaBax TiB2—TiC, 

aid HaBefleHi HM>«He. AHanoriwHo Syjin po3paxoBaHi aKTHBHocTi 

KOMnoHeHTiB B po3nnaBax CMCTeM TiB2—TiC i TiB2—B4C (pucyHOK). 

BliflHO, 11(0 aKTMBHOCTi KOMnOHeHTJB XapaKTepM3yK)TbCfl n03MTMBHMMM 

BiAxuneHHHMH Bifl 3aKOHy Paynn. OflepxoHi .qam CBiflnaTb npo cnaÖKy 

TeHfleHLjiK) flo Mi>KHacTKOBO'i B3aeMOfliT y po3mHHy™x cucreMax, mo 

fl03Bonne 3po6nTH BMCHOBOK npo BiflcyrHicTb noTpiÜHMX cnonyK B L(MX 

cucTeMax y piflKOMy CTaHi. 

TaKOw 6ynn po3paxoBaHi aKTMBHOCTi MeTaniB B noflBiMHMX 

cucTeMax 3d-MeTan—60p B oßnacri eBTeKTMHHMX piBHOBar. 

BcraHOB/ieHO, mo flna noflBWHux cwcTeM Ti(W)—B xapaicrepHi He3HanHi 

Bifl'GMHi BiflxmieHHn Bifl 3aK0Hy Payna, a cwcreMM Mo(C)—B B piflKOMy 

CTaHi 6nw3bKi flo ifleanbHMx. L4e CBiflHMTb npo Te, Lqo B 3a3HaneHMx 

cnnaBax Ha OCHOBJ Mo a6o B He npoaBnaeTbCH cunbHa MbKnacTKOBa 

B3aGMOflin, xapaicrepHa flnn cepeflHboro KOHLiempaqiPiHoro iHTepBany. 

iTaK,   flnn   npomo3yBaHHH   noBefliHKM   po3nnaßiB   noflBiMHUx   i 

KBa3inOflBiMHMX      eBTeKTMHHMX      CMCTeM      flOqinbHO      BMKOpMCTOByBaTM 

KOopflMHaTM JiiHiM niKBiflyca i piBHHHHH lllpeflepa. KpiM Toro, i3 LJMX 

flaHMX Moxoia po3paxyBaTM TepMOflMHaMiHHi xapaicrepMCTMKM npoqecy 

nnaBneHHfl TyronnaBKMX cnonyK i eneMemiB. 

©B.r. KydiH, B.A. Manapa, B.C. Cydaeifoea, 2000p. 
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q>A30BI PIBHOBArH TA TEPMOfllHAMIHHl BJ1ACTHBOCTI 

KBA3inOflBIMHHX CMCTEM MP03-CeP309 (M-Li,Na,K,Rb,Cs) 

B. B.MCHM, B. C. Cydaewea, M. C. CnooodamiK 

KMTBCbKMÜ YHiBepcMT iMeHi Tapaca LLieBneHKa 

M.KM'IB, yKpama 

BklBHeHHH TepMOflMHaMiHHMX BJnaCTMBOCTeÜ pi3H0TMnHMX 

ny>KHOcpoccpaTHMx    CMCTeM    npeflCTaBrifie    Ha    cboroAHi    3HaMHnn 

npaKTUHHMM Ta TeOpMTMHHMM  JHTepeC,   B  3B'fl3Ky  3   IX  BMKOpHCTaHHHM   B 

HKOcri TexHiHHMX cpniociB A^ cnHTe3y MOHOKpwcTaniB TyronnaBKHx 

OKCMAHMX MaTepianiB. An* BH3HaHeHHH ocoönnBOCTeü cpa3oyTBOpeHHn B 

cucTeMax MP03-CeP309 (M-Li,Na,K,Rb,Cs) npoBeAeHO AH*epHqiMHO- 

TepMNHMfi  aHani3  OTpniviaHMx  cpa3  Ta  noßyAOBaHO  AiarpaMM  CTaHy 

KBa3inOABiMHMX CMCTeM. 

PHC. 1 ^arpajvia crany CHCTCMH KPOfCeP=09 
T°c 

1200- 

1000 

CePsOa 

fin* npMKJiaAy Ha  pud   HaBeAeHO AiarpaMy CTaHy CKicTeMU 

KP03-CeP309 
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BcTaHOBneHO, u\o npn B3aeMOfli'i' eKBiMonbHux cniBBiflHOweHb 

MeTacpoccpaTy ny>KHoro MeTany Ta TpwnonicpoccpaTy qepira 

yTBopsoiOTbCfi     cnojiyKM     CKnaay    MCe(P04)3,     mo     iHKOHrpyeHTHO 

nnaBmn-bCfl npn 970, 870, 880, 892 Ta 890 °C, BiflnoBiflHO. 

TepMnepaTypM po3Kna,qy HaBefleHwx cnonyic CBiflHaTb npo "ix 6nM3bKy 

TepMiHHy cTa6ijibHicTb. flna npoBefleHHn MOflenfOBaHHH xapaKTepy 

Mix<HacTKOBoT B3aeMOfliT B po3nnaBax HaBefleHnx cucTeM, po3paxoBaHo 

aKTMBHOCTi cpoccpaTiB ny>KHMx MeTaniB Ta TpwnonicpoccpaTy qepiio B 

oonacTi eBTeicTMHHMx piBHOBar. Po3paxym<M npoBefleHO 3riflHO piBHHHHa 

lllpeflepa: A Gi=ASmi(Tm-Tinn), fle ASnni. Ta Tirm, emponm Ta 

TeMnepaTypa nnaBneHHH cnonyKH, Tnn TeMnepaTypa nnaBneHHH 

po3nnaBy. EHTponiT nnaBneHHH MeTacpoccpaTiB nyxawx MeTaniB 

cucTeMax MP03 fle M - Li, Na, AC, Rb, Cs, BiflOMi 3 nrrepaTypM Ta 

CTaHOBJinTb: 23,86, 19,2, 16,94, 42,25, 41 fl>K/MonbXK, BiflnoBiflHO. Rnn 

TpunonicpoccpaTy qepiio em-ponm nnaBneHhm po3paxoBaHa 3a flaHHMMii 

Arm BiflnoBiflHux OKCHAJB no aflHTMBHMMy 3aKOHy. BkiKopucTOByronn flaHi 

no TeMnepaTypaM TonneHHH po3nnaßiB KBa3i6iHapHMx cucrreM 

po3paxoBaHO aicTMBHOCTi MeTacpoccpaTiB nyx<HMx MeTaniB Ta 

TpunonicpoccpaTy qepiio. B oönacTi eBTeicnmHHX piBHOBar (HUCTMM 

KOMnoHeHT - po3nnaB) flna Kaniü- Ta py6ifliMBMicHMX cwcTeM 

cnocTepiraiOTbCfl HeBenMKi Bifl'eMHi BiflxkineHHH Bifl 3aKOHy Payna. 

3HaMeHHa aicTMBHOCTefi MP03 (M-Li, Na, K) conbOBMX po3nnaBiB 

po3mflHyTkix cucTeM niflKopaioTbCfl 3aKOHy Payna. HaÜMeHbwoK) 

Mi)«HacTKOBOK) B3aeMOflieio xapaKTepn3yiOTbCfl niTiÜBMicHi po3nnaBn, mo 

OOyMOBTieHO     p03MipHMM     CpaKTOpOM     (BenMKOK)     pi3HML(eiO     aTOMHMX 

pafliyciB niTiio Ta qepiio). 3a KoopflHHaTaMM nkBiflycy oonacTi piBHOBar 

po3nnaB-CeP309 po3paxoBaHi aKTHBHOCTi TpunonicpoccpaTy qepito HKJ 

npoeKCTpanontOBanw Ha Becb KOHqeHTpaLtMHiw iHTepBan Ta 

BMKopnTcanM flnH iHTerpyBaHHfl PJBHHHHH ri66ca-fl(oreMa. BcTaHOBunw, 
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mO aKTMBHOCTi KOMHOHeHTJB BCJX BHBHeHMX CMCTeM XapaKTepM3yK)TbCfl 

BenMKMMM     BifleMHMMM     BiflXWneHHflMM     Bifl     ifleanbHMX     P03HMHJB     B 

cepeflHbOMy KOHqeHTpaMifiHOMy iHTepBani. flna npuKnafly Ha pnc.2 

npMBefleHi Aani firm aicrMBHOCTeii KOMnoHeHTiB B po3nnaBax 

KBa3inoflBiMHoT cucTeMM KP03-CeP309. Ha OCHOBJ oflepwaHMx flaHMX 

po3paxoßaHO   eHepriT   ri66ca   3MiwyBaHHfl   pconnaBiB   B   uiMpoKOMy 

KOHmeHTpa^PiHOMy iHTepBani (ra6n.). MiHiMyMM -AGHan,n npunaflatoTb Ha 

eKBiaTOMHi CK/iafl BCix BMBMGHMX CHcreM. npw HeBenkiKKix neperpiBax 

Bume JnnaB cnocTepiraeTbCH cunbHa MbKnacTKOBa B3aeMO,qm B piflKOMy 

CTaHi. 

TaSrikma 

EHepriT 3MiiueHHfi Ti66ca ßrm po3nnaBiB cwcreM MP03-CeP309 p,e M- Li, 

Na, K, Rb, Cs, 

CwcTeMa LiPOr 

CeP3Og 

NaP03- 

CeP3Og 

KP03- 

CeP309 

RbP03- 

CeP309 

CsP03- 

CeP3Og 

-jGHafin 

Kflw/MOJIb 

2,1 6,37 10,37 11,77 8,59 

-AG 

Kfl>K/MOrib 

10,23 14,5 18,5 19,9 16,72 

©B.B.flicHHK, B.CCydaeifoea, M.C.Cnoöodsmm, 2000p. 
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TEPMOflMHAMMMECKME CBOMCTBA >KHflKUX Cn/IABOB 

CUCTEM Fe-IMb(Ta,W) 

B. Cydaeu,oea, H.Boemmpyö, B. KyduH 

KneBCKMü yHMBepcMTeT MMeHW Tapaca LUeBHeHKO 

r.KneB, YkpanHa 

CnnaBbi Ha ocHOBe >Kene3a, ocoöeHHO MHoroKOMnoHeHTHbie, 

nonynmw wwpOKoe npwMeHehwe B pa3nnHHbix oönacTnx TexHMKM. flrm 

coBepuueHCTBOBaHMH cxeM nerapoBaHna CTanew M CBapoHHbix npoBonoK, 

MeTOflOB nonyHeHMfi MaiepwanoB qenecoo6pa3HO nccneflOBaTb 

TepMOflMHaMMMecKMe CBoPicTBa cnnaBOB, 6JIH3KMM no cocTaßy K CTarmM. 

BnepBbie MeTOflOM 3flC B MHTepBane KOHqeHTpau(MM 0,85 < xFe < 

1,0 npn 1854, 1843,1870 K wccneflOBaHbi aKTMBHocTH KOMnoHeHTOB B 

WMRKMX cnnaBax cwcreM Fe-Nb(Ta,W) c noMOinbK) KOHqeHTpaqkiOHHbix 

qeneM BMAa: 

W-W02/Zr02-Y203/ Fe-Nb(Ta.W), MxOy 

W02 CMHTe3npoBajin no MeTOflMKe H3 nopowKOB BonbcftpaMa M 

W03 PaBHOBecHbie 3Ha<HeHMfl 3flC qenefi ycTaHaBnuBajiMCb B Tenem-ie 30 

MMHyr M BOcnpoM3BOflnnncb OT onbua K onbuy c TOHHOcrbio 0,3%. 

nonyneHHbie 3HaMeHMH 3flC w aKTMBHOCTew BonbcppaMa B pacnnaBax 

CMCTeMbi >Kene3o-BOnbcppaM npn 1870 K npwBefleHbi HM>Ke: 

xw E-103, B 3w aw 

0,068 70,8 0,1724 0,1479 

0,0188 58,9 0,2317 0,2221 

0,0298 44,5 0,3313 0,3098 

0,03541 32,1 0,4507 0,4162 

0,1209 27,7 0,5027 0,3829 
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BbHucneHne aKTMBHOcrePi BonbcppaMa oTHockrreribHO TBepAoro 

BonbcppaMa npOM3BOflnnn comacHO M3BecTHOMy comaiiieHMio: 

aw=exp(-4FE/RT) 

nepecseT Ha apyroe craHflapTHoe cocTO^Hne, a MMeHHo >KMAKMM 

nepeoxna>KqeHHbiM BOJibcppaM, BbinojiHHJiH no ypaBHem-iio: 

din ayj dT= - HW/RT2. 

YcraHOBneHO, HTO arrMBHOcru BonbcppaMa cnnaBOB cuCTeMbi Fe-W 

xapaKTepn3yK3Tcn oneHb SonbLunMM nono>KMTenbHbiMM OTKnoHeHn^Mn OT 

MAeanbHbix pacTBopoB, KOTopbie c noHwweHweM TeMnepaTypu 

yMeHbiuatOTca.   nonyneHHbie   HaMM   flaHHbie   xopoiuo   comacyiOTCfl   c 

aKTMBHOCTflMM BOUbCppaMa, OnpeflejieHHblX MeTOAOM 3CpCpy3MH. 

nepexofl OT 3flC 3Toro aneMema K aneMewaM c aneicrpoflaMM 

cpaBHeHwa ND-ND2O5, Ta-Ta205 BbinonHeH nepe3    G o6pa30BaHn* STHX 

OKCHflOB. 

flkiarpaMMbi COCTOHHMH ABOMHWX cucreM Fe - Nb(Ta) MMeioT 

oönacTb aBTeicniHecKoro paBHOBecua TBepflbiü Nb(Ta)->KMAKMe 

pacTBopw. Hcnonb3ya KoopAWHaTbi JIMHMM iinKBMflyca BbNHCnunn 

aKTMBHOCTM, napLjManbHbie 3HTajibnnw M aHTponww CMeweHkm Nb vi Ta no 

pa3pa6oTaHHOM HaMM MeTOflMKe. B CMcreMax Fe - Nb(Ta) o6pa3yK>TCfl 

no OflHOMy KOHrpyaHTHO nnaBHUjeMy coeAMHeHwo (FeNb, FeTa). 

no3TOMy B oßnacTM paBHOBecuM TBepAoe coeAMHeHne->KMAKMM pacTBop 

Mbi Mcnonb30Bann ycoBepweHCTBOBaHHbm MeTOA Xaycpcpe-Bamepa. 

BbNMCJieHHbie M SKcnepMMeHTajibHO ycnraHOBJieHHbie aKTHBHOc™ Nb KI 

Ta   xopoujo   KOppennpyiOT   Me>KAy   CO6OM.   3TO   Aano   B03MO>KHOCTb 

3aBMCMMOCTM In YTa(Nb)= fP^) npeACTaBHTb B BMAe nojiMHOMOB BHAa: 

In yTa= 0,07531 - 0,04076-Xpe + 0,8465 X2
Fe - 2,7901 X3

Fe 

In yNb= - 0,08853 - 1,2691 XFe + 0,3068 X2
Fe + 0,8930 X3

Fe 
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H    npoBecru   HMcejibHo-aHannTMMecKoe   MHTerpnpoBaHne   ypaBHeHna 

rn66ca-flioreMa. nonyneHHbie HaMM flaHHbie npwBefleHbi HM>Ke: 

Fe-Ta Fe-Nb 

x2 0,20 0,40 0,60 0,80 0,20 0,40 0,60 0,80 

ape 0,07 0,25 0,55 0,85 0,13 0,29 0,44 0,8 

a2 0,82 0,62 0,34 0,17 0,67 0,37 0,19 0,6 

AKTMBHOCTM >xene3a H HMO6MH B >KMAKMX cnnaBax srux cwcreM 

o6Hapy>KMBaK)T He6onbLune oTpuqaTenbHbie, a aKTMBHOcru TaHTana — 

3HaKonepeMeHHbie OTicnoHeHHfl OT noBefleHna MfleajibHbix pacrBOpOB, HTO 

KoppennpyeT c flaHHbiMM ß,na TBepflbix cnnaBOB. HaSjiioflaeTCH comacne 

Mex^y nonyHeHHbiMM HaMM n nuTepaiypHbiMM flaHHbiMM flna aHanorMHHOM 

cucreMbi Fe-V. BMAHO, HTO aKTMBHOCTH >Kene3a B cudeMax Fe - Nb(Ta) 

npoHBnawT we oneHb 6onbLune OTKnoHeHna OT MfleanbHbix pacTBopoB. 

ßrm oqeHKM 3Heprnn B3anMOAewcTBMfl cnnaBOB flBOMHbix cucTeM 

Fe - Nb(Ta, W) n Fe-W-AI ii3yHm™ TepMOXMMMHecKMe CBOHCTBa npw 

1900K MeTOflOM KanopuMeTpnw w paccHMTann MeTOflOM BoHbe H3 

flaHHbix Ana flBOMHbix rpaHMHHbix cucTeM flrm Fe-Nb(Ta,W)-AI. 

noKa3aHO, MTO BBefleHMe aniOMUHMfl B pacnnaBbi >Kene3a 

Bbi3biBaeT M3MeHeHkm SHTanbnuM CMeweHwa B CTOpOHy yBennMeHna 

3K30TepMMHecKnx scpcpeKTOB cnnaBoo6pa30BaHi/ifl, MuHMMyM Ha 

noBepxHOCTflx 3HTanbnnii CMeiueHMfl Bcex cucTeM npuxoflHTCH Ha 

>Kejie30-aniOMMHMBbie cnnaBbi. 

CoBOKynHOCTb nonyneHHbix TepMOAMHaMMnecKnx CBOMCTB >KHAKMX 

cnnaBOB cwrreM Fe-Nb(Ta,W), Fe-Nb(Ta,W)-AI CBHAeTenbCTByiOT o 

BrwHHMM paannHHbix MeTannoB Ha aKTHBHOCTM KOMnoHeHTOB M 

SHepreTMKy o6pa30BaHnn pacTBopoB, SHMSKHX no cocTaßy K crannM. 

© B. Cydaeifoea, H.BoeKompyö, B. KyduH, 2000r. 
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O METACTABUJlbHblX OA3AX B CUCTEME AL-SI 

ß.H. Ma3yp, A.B. Ma3yp, A.KD. UJnopmbKO 

HaMMOHanbHan MeTa^nypraMecKaa AKafleMwn YKpanHbi 

r.flHenponeTpoBCK, YKpawHa 

M3BeCTHO, MTO B 3aBMCMM0CTM OT npeflblCTOpHH CnnaBa B flaHHOW 

CMCTeMe       C      TOM       WIM       WHOM       CTeneHblO       BepOflTHOCTM       MOryT 

pea^M30BbiBaTbca flBa Twna 4>a30Bbix paBHOBecnPi: craßmibHoe M/M/IM 

MeTacTaßunbHoe. TunwMHbiM v\ xopoujo n3y*HeHHbiM npwMepoM cnjwiiT 

CMCTeMa Fe-C. 3,qecb ymepoflHbiü KOMnoHem o6pa3yeT nn6o 

CTaÖHnbHyK)    cpa3y    -    rpacpm    c    KOBaneHTHO-nonflpn3ai4MOHHbiMn 

Me>KaTOMHblMM   CBA3HMH       JIHOO   MeTaCTa6mibHyK>   Cpa3y   -   L(eMeHTI<1T 

(Fe3C),     xapaKTepn3ytOLqyioca     reTepoflecMMHHbiMW     NiewaTOMHbiMi/i 

CBH3HMM CO 3HaMMTejlbHOM flOJieM HX MeTanilH3ai4MM. 

CMCTeMa Al-Si B cyinHOcrw HBrmeTCH 6JIM3KHM CPM3MKO-XMMM- 

HecKMM aHanoroM cwcreMbi Fe-C: >Kene30 M anioMUHnvi - TMüHHHO 

MeTannMMecKMe KOMnoHeHTbi, yrnepofl n KpeMHMM o6pa3yiOT 

KOBaneHTHbie TBepflbie <t»a3bi. nosroMy B03M0>KH0CTb MeTacTa6nnbHbix 

cpa30Bbix   paBHOBecMM   B   cucTeMe      Al-Si   anpnopn   He   mnaeica 

HeO>KMflaHHOM. 

BepoflTHO, BnepBbie MeTacra6mibHbie cpa3bi B cwcreMe Al-Si 

6biJin     o6Hapy>KeHbi     B     [1].     B     npoflyicrax     BbicoKOCKopocTHOPi 

KpMCTanjiM3ai4MH 3TH aBTopw oÖHapywmiM Hapnay c paBHOBecHbiMM a-AI 

M ß-Si TaioKe ABe HepaBHOBecHbie <£a3bi: nepecbiineHHbiü a-TBepflbiü 

pacTBop   M   CMjru-mMfl   (Al,Si)   KyokwecKofi   CMHroHnw   c   napaivieTpoM 

a=6,9891Ä , Ha3BaHHbifi X- cpa30w. 

LUnpoKMfi noncK MeTacTaßunbHbix cpa3 B cnnaBax cwcTeMbi Al-Si 

c Bapnai4ne(i KOHMeHTpaqnM Si OT 6 RO 40,56%, npoBefleHHbm B 

naßopaTOpMM  aBTOpOB  K.H.YsxioBbiM,   BCKpbm  ßoeraTOHHO  cnoKHyro 
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CMTyaquHD. CnnaBbi, npnroTOBneHHbie H3 nwcTbix KOMnoHeHTOB, npw 

KOMHaTHow TeMnepaType fleMOHCTpHpoBanw BecbMa CJIOWHWH Ha6op 

Mop4)onornM   KaK   nepBMHHbix,   TaK   H   3BTeKTHHecKHx   CTpyicryp,   HO 

Hen3MeHHo flByxcpa3Hbiw (a+Si) cocTaB. H jiMiub peHTreHOcpa30Bbifi 

aHann3 B MHTepBane TeMnepaTyp 77 K - 293 K BCKpun 3aKOHOMepHOc™ 

nojiBneHna, B3anMHoro npeBpameHHfl n nocne,qyioiij(ero pacnafla 

MeTacTaßwnbHbix c£a3, Bbi3BaHHbix noBbimeHneM TeMnepaTypw 

MCCJieflOBaHMfl.   HatifleHbi  flBe   HOBbie,   paHee   Hen3BecTHbie,   cpa3bi: 

opTopoMÖMMecKaa   ™na   cmn-iMam-iTa   rj   ( a=7,4770 A,   b=7,663 A, 

c=5,759 A) M reKcaroHanbHayi CO - cpa3a ( a=5,0597 A, c=11,0225 A). 

IlocTpoeHa runoTeTMHecKafl cxeMa fluarpaMMbi MeTacTaönnbHbix 

paBHOBecwM B CMdeMe A!-Si [2]. B CBH3H C 3TMM 6bina nocraBneHa 

3aflasa M3yMHTb 3aKOHOMepHOCTM H30TepMMHecKOfi KpncTannn3ai4MM 

cnnaBa OKono3BTeicn<mecKoro cocTaBa c npuMecsMM >Kene3a (iviac.%) Al- 

10,2Si - 0,3Fe. OÖHapyweHbi MeTacTaönjibHbie SBTeKTMKH, dpasoBbm 

cocTaB  KOTopbix MehmeTCH  B 3aBMCMMOCTw OT neperpeBa:  {X+T[)  M 

(a+CO). HHTepecHO, MTO B npucyrcTBHM npwMecHoro >xene3a 

MeTacTaÖHJibHbie cpa3bi o6Hapy>KMnn noBbiujeHHyio ycTOMMMBOCTb, HTO 

no3Bonnno npoBOflMTb peHTreHOBCKyio CbeMKy yx<e npw KOMHaTHOü 

TeMnepaType [3]. 

B CBA3M c TeM, MTO MeTacTa6nnbHbie q*)a3bi Tuna cmini^MflOB c 

HanGonbujeM BepoHTHOCTbio BcrpeMaiorcfl B cnnaBax 3a3BTeKTMHecKoro 

cocTaBa, B naßopaTopuM aBTopoB 6binn TiflaTenbHO M3yMeHbi 

3aK0H0MepH0CTM o6pa30BaHna w pacnafla STHX cpa3. MeTOflUKy 

M30TepMMHecKoPi KpncTannn3ai4MM ycoBepiueHCTBOBann c Ljenbio 

yMeHbweHUfl BpetvieHM CMeHbi TeMnepaTypw o6pa3i4a OT 

nepBOHananbHoro HarpeBa flo TeMnepaTypbi n30TepMMHecKofi Bbiflep>KKM. 

noflTBep>«fleHO no^BneHMe X, X] M CO $a3 M oöHapyweHa HOBaa, paHee 
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Hew3BecTHafl TeTparoHanbHaa as - <$a3a (a=3,695 A, c=7,160 A, 

c/a=1,937). YTOMHeHa w pacmnpeHa fluarpaMMa MeiacTa6mibHbix 

paBHOBecMii (anioMMHMeBbiü yron), onpefleneHbi TeMnepaiypHO- 

BpeMeHHbie MHTepßanbi YCTOMMMBOCTM XWAKOM cpa3bi B cy6nnKBWflycHOM 

oßnacTM n TeMnepaTypHO-BpeMeHHbie kimepBanbi nnaBneHMH 

MeTacTa6nnbHbix cpa3 B 3aBMcnMOCTH OT TeMnepaTypbi HanajibHoro 

HarpeBa [4]. B STOW pa6oTe BnepBbie CflenaH npkiHLjPinkiajibHO Ba>KHbiH 

Arm noHMMaHMH KpncTannn3aqnn cmiyMHHOB BbiBOfl o nceBflOMopcpcoe 

nepBMHHbix KpwcTannoB KpeMHMfl B cooTBeTCTBMM c MOpcponorneM 

KpucTajinoB pacnaBLui-ixcfl MeTacTaömibHbix 4)a3. 

Hcnonb30BaHne   AcjnaHOBbiM   X.C.   B   na6opaTOpnn   aBTopoB 

MeTOAMKM TpaHCMMCCHOHHOM 3neKTp0HH0M MUKpOCKOnUM M 

MMKpoflncppaKqMM TOHKHX 6biCTpooxna>KfleHHbix nneHOK crmaßa Al - 

18,68Si noflTBepflnno o6pa30Bamie B HMX nepewnpneHHbix 

MeTacTaÖM^bHbix   cpa3   M   no3Bonmio   o6Hapy>KMTb   HOByio,   paHee 

Hen3BecTHyio    V|/-cpa3y,    MMeiomyto    TeiparoHajibHyio    peaieTKy    c 

napaivieTpaMM a=4,500 A, c=8,199 A. nepucTbie KpucTannbi V|7-cpa3bi 

nonHOCTbK) pacnaflanwcb no,q aneiapoHHbiM nyHKOM B TeneHMe 4 MMHyr, 

oflHaKO floßaBKM 0,05% Sr 3aivieTHO noBbiwanw ee ycTOMHMBOCTb, MTO 

no3Bonnno nposecTM M oGcTOHTejibHbie pemreHoc-rpyKTypHbie 

nccneflOBaHMfli, noflTBepAMBume BbiBOflbi sneicrpoHHOM MMKpocKonnn [5]. 

BnkiflHMe fl^MTejibHOü Bbiflep>KKM npM TeMnepaiype 20 °C Ha 

ycTOMMMBOCTb MeTacTa6nnbHbix 4>a3 3aKaneHHbix nneHOK cnnaBa Al- 

10,6Si H3yHann B na6opaTopnn aBTopoB c noMombio opwrMHanbHOw 

HM3KOTeivinepaTypHOM KaMepu peHTreHOBCKoro flwc^paicroMeTpa flPOH- 

3M. noKa3aHO, HTO Bbiflepxwa 3aKaneHHbix nneHOK B TeMeHne 70 MMH, 48 

nacoB M 144 nacoB npHBOAm K pacnafly nepecbimeHHoro TBepflpro OL4K 
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pacTBopa H MeTacTa6nnbH0fi T| - cpa3bi M yMeHbweHHto creneHM 

TeTparoHanbHocTM <ü - cpa3bi [6]. 

HecMOTpa Ha TO, HTO HMermcb flOdaTOHHO Ha,qe>KHbie .qaHHbie 

no naparvieTpaM peoieTOK MeTacTa6mibHbix cpa3 B cwcieMe Al-Si, 

nonyneHHbie pa3HbiMM aBTopaMw, Bonpoc o CTexnoMeTpnn cpa3 

ocTaBanca OTKpbiTbiM. 3TO Bbi3biBano onpefleneHHbie COMHOHHH 

OTHOCMTenbHO KoppeKTHOCTM noCTpoeHMSi fluarpaMMbi MeTacTaönnbHbix 

cpa30Bbix paBHOBecnti B wccneflyeMoPi CMCTeMe. Bax<Hbi£i uuar 6bin 

CflenaH PH6OBOM H.C. B naßopaTopun aBTopoB. OHa BnepBbie 

npMMeHwna RY\R STMX Menew np^Mbie M3MepeHnn KOHqeHTpaqnM Si B 

CHnMU|MflHblX BeTBflX OBTeKTMHeCKMX fleHflpHTOB C HOMOLqbK) BOJIHOBOTO H 

3HepreTMHecKoro cneicrpoMeTpoB, yciaHOBneHHbix Ha npuöope 

"CAMEBAKS", c qenbio M3MepeHna MHTeHCMBHOCTH peHTreHOBCKoro 

M3^yHeHnn npn TOKe 30Hfla 10"7-10"9 A. Pe3y/ibTaTbi 

peHreHocneicrpanbHoro MMKpoaHanM3a conocTaBJinjin c flaHHbiMM 

peHTreHOCTpyiaypHoro aHann3a. YTOHHeHbi napaMeTpbi peweTOK 

MeTacTaSunbHbix cpa3. HaföfleHa HOBaa TeTparoHanbHaa p - cpa3a c 

napaMeTpaMH peiueTKH a= 4,487 A, c= 5,160 A, c/a= 1,45 [7] . 

KoHL\eHTpai4MM MeTacTaömibHbix cpa3 H MX CTexnoMeTpMHecKne 

cpopMynbi npiiBefleHbi B Taßnmje. 

TaiOKe yroMHeHa BbicoKOTeMnepaTypHafi o6/iacTb fluarpaiviMbi 

MeTacTa6mibHbix cpa30Bbix paBHOBecufi B CMCTeMe Al-Si M HaHeceHbi 

oönacTM roMoreHHOCTM MeTacTa6nnbHbix cpa3 (CM. pwc). 
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Ta6n 1114a 

KoHMeHTpaqMfl M cTexnoMeTpun MeTacTa6nnbHbix npoMe>KyTOHHbix cpa3 

MeTacTa6nnb- 
Han npOMe>Ky- 
TOHHan cpa3a 

Tun KpucTannn- 
secKOM crpyicry- 

pbi 

Coflepxom-ie 
KOMnOHeHTOB, 

aT.% 

Bepojrmafl 
CTeXMOMeT- 
pkwecKaa 
cpopMyna 

Al Si 

X KyÖMHecKaa 91,5-93,0 7,0-8,5 AI8Si 

r\ poMÖMHecKaa 82,0-85,0 15,0-18,0 AI4Si 

CO 
reKcaroHanbHasi 68,0-71,0 29,0-32,0 AI7S13 

SB TeTparoHanbHan 61,5-62,5 37,5-38,5 AI62S138 

H> TeTparoHajibHaa 55,0-58,0 42,0-45,0 AI3Si2 

P 
TeTparoHanbHaa 48,0-49,0 51,0-52,0 Al Si 

T,°C 

800 

400 

Al 10 20 30 40 50   Si,Mac.% 

Puc. rwnoTeTMHecKafl flwarpaMMa MeTacTaQunbHbix cpa30Bbix 

paBHOBecnü B cucreMe Al-Si 

54 
©Eutectica-V 



SBTeKTHKa      V 

flUTEPATYPA 

1. KyujHepeBa A.K., Caxijin H.B. 06 o6pa30BaHMM nepecbiLqeHHbix 

TBepAbix pacTBopoB B CMCTeMax Al-Si n Al-Ge. - H3BecTmi AH CCCP: 

HeopraHMHecKne MaTepnanbi, 1970, T.6, Ns10, c.1867-1868. 

2. Ma3yp B.M., KyqoBa B.3., Y3noB K.M. CTpyKTypoo6pa30BaHne B 

CkinyMMHax npn BUCOKOCKOPOCTHOM KpwcTannn3ai4MM. - MMTOM, 1985, 

N°3, c.50-56. 

3. TapaH KD.H., Ma3yp B.H., HBam^OBa H.O. BnnaHne TeivinepaTypbi 

neperpeßa pacnnaBa Ha MWKpocKoni-mecKyio KHHeimy M30TepMHHecKOM 

KpncTannM3ai4MM floaBTeKTunecKoro cmiyivwHa. - PacnnaBbi, 1987, T.1, 

Bbin.3, c. 118-121. 

4. Ma3yp B.W., Ma3yp A.B. BrmaHne TeMnepaTypHoPi o6pa6oTKM 

pacnnaBa Ha o6pa30BaHne M pacnafl MeTacTa6nnbHbix cpa3 npn 

3aTBepfleBaHMM 3a3BTeKTWMecKoro cunyMWHa. - PacnxiaBbi, 1990, Ns3,c. 

71-79. 

5. AcjiaHOB   X.C.   Pa3pa6oTKa   TexHonornnecKHX   npuHqunoB   rwrbfl 

MOflMCpHqupOBaHHblX CMXiyMMHOB Ha OCHOBe 3aKOHOMepHOCTeM KHHeTMKM 

CTpyKTypoo6pa30BaHna B cunyMMHax npn KpncTannn3ai4MM M B TBepflOM 

cocroflHHM. flue. KaHfl. Tex. HayK, flHenponeTpoBC«, 1988, 197c. 

6. LUnopTbKO A.KD., Ma3yp B.H., PycpaHOB (O.T. Pacnafl 

MeTacraönjibHbix cpa3 B saxarieHHbix nneHKax ennaßa Al -10,6Si. 

HaynHbie Tpyflbi Me>KflyHapOflHOM KOHCpepeHqun " 3BTeKTMKa - IV ", 

flHenponeTpoBCK, 24-26.06.97r., c. 126-127. 

7. P«6oBa H.C. 3aKOHOMepHoc™ cpa30Bbix paBHOBecMM M cpa30Bbix 

nepexoflOB B SBTeKTunecKHX Al-Si cnnaBax. flue. KaHfl. Tex. HayK, 

flHenponeTpOBCK. 1997, 113c. 

© B.H. Ma3yp, A.B. Ma3yp, A.K). UlnopmbKO, 2000r. 

©Eutectica-V 
55 



SBTeKTMKa      V 

B3AHMOflEI/ICTBHE ABOKHblX 3BTEKTHK B CUCTEMAX 

AL-Zn-Ca (Sr, Ba) 

H.H.raHueea, X.M. Ha3apoea, MM. Xaxdodoe6, HM. raHueea3 

a) HHCTMTyT XMMMM   HM.B.H. HUKMTMHa AH PeCnyOJIMKM TaA>KMKMCTaH 

6) HHCTmyT npOMbiiiineHHOCTM PecnyöJiMKM TaA>KMKMCTaH 

r.flyiuaH6e, Pecny6niiKa TaA>KMKMCTaH 

fluarpaMMbi COCTOHHMH cwcreM Al-Zn-Me (r^e Me -Ca, Sr mw 

Ba) nocTpoeHbi c npuBneneHvieM pemreHoc})a30Boro, 

AMCpcpepeHi^nanbHO-TepMUMecKoro n MMKpocTpyiaypHoro MeTOflOB 

MCCJieflOBaHMft. B cucreMax oßHapyweHbi wecTb TpowHbix coeflUHeHMM 

cocTaBOB MeAI2Zn2 M MeAIZn, HaxoAfliAHXCH B paBHOBecnn Me>Kfly 

CO6OM M c MHTepMeTannMflaMM SoKOBbix CHcreM. B oßnacTM 0-33,3 sr.% 

Ca, Sr w Ba ycraHOBneHbi cneflyroLAMe flByxcpa30Bbie paBHOBecua: Zn- 

MeAI2, MeAI2-MeZn2, Zn-MeAIZn, MeAIZn-MeAI2Zn2, MeAIZn-MeZn13, 

MeAI2Zn2-MeAI4,      Zn-MeAI4,      nacTb      M3      KOTopbix      «BrmioTCfl 

KBa3n6MHapHblMM. 

Pa3pe3bi MeAIZn-MeAI2Zn2, MeZn2-MeAIZn, CaAI2-CaAIZn, 

CaAI2Zn2-CaAL2, CaAIZn-CaZn5, CaZnirCaAIZn, MeAIZn-MeZn13, 

MeAI2Zn2-MeAI4, OTHOCHTCH K cucreMaM aBTetcrnMecKoro Tuna. 

3BTeKTM4ecKoe npeBpau^eHne B cudeMe MeAI2Zn2-MeAIZn npoieKaeT 

no peaKMMM >K«"»MeAI2Zn2+MeAIZn. TeMnepaTypa SBTeicrMMecKoro 

npeBpameHna B cudeMax MeAIZn-MeAI2Zn2 M MeAIZn-MeZn2 npw 

yBennneHMM 3apnqa HApa Ca, Sr n Ba pacreT, a B flBowHbix cwcTeMax 

MeA!Zn-MeZn13, MeAI2Zn2-MeAI4 Ha6nK)flaeTCH oöpaTHaa 3aBMCMM0CTb. 

KoopAMHaTbi 3BTeKTMHecKMX npeBpameHww npuBeAeHbi B Ta6jiML|e. 

MeiannorpacpMHecKMfi aHann3 cnnaBOB pa3pesa CaAI2Zn2-CaAI2 

noKa3an BO BceM Anana30He KOHuiempaMMw nanmm AByx crpyicrypHbix 

cocTaBJiaioiAMX - nepBMHHo 3aKpncTanriM30BaBUJMxcfl nnacTMH cpa3bi 

CaAI2Zn2 v\ CaAI2 Ha cpoHe aBTetarnKH  (CaAI2Zn2 + CaAI2). TeMnepaTypa 
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3BTeKTnwecK0M TOMKM cocraBnfleT 983K. Pa3pe3 Ca2n5-CaA12n TaioKe 

npefloraBrmeT COöOM KBa3w6nHapHyio CMcreMy SBTeicrHHecKoro Tuna. 

SBTeKTwea o6pa3yeTcn npn cooTHOweHMM KOMnoHeHTOB 46 MOJI % CaZn5 

w 54 MOJI. % CaAiZn v\ nnaBWTcn npH 653K (TeMHaa cpa3a). 

MkiKpocTpyicrypa AOSBTeKTusecKoro cnnaBa coflepwwT 3epHa nepBMHHO 

3aKpncTannn30BaBLijerocfl coeflWHeHmi CaAIZn B OKpywehmw SBTeicrMKM 

(CaAIZn+CaZn5), a B 3a3BTeKTMHecKOM cnnaBe COCTOMT M3 nepBH^HO 

BbinaBiunx KpucTannoB coeflMHeHMH CaZn5 M SBTSKTHKH . 

Ha KpwBbix oxna>KqeHMfl Bcex wccneflOBaHHbix cnnaBOB pa3pe3a 

CaAI2-CaAIZn oÖHapyweH TennoBOM acJjcpeKT, cBH3aHHbm c 

HOHBapnaHTHbiM npeBpamem-ieM npn TeMnepaiype 1123K. CocraB 

OBTeKTMHecKOu TOHKM - 51,5 aT.% Al, 15,2 aT.% Zn w 33,3 aT.% Ca. 

MeTa/inorpacjJMHecKoe nccneflOBaHne cnnaBOB KBa3n6nHapHoro 

pa3pe3a CaZrin-CaAIZn CBUfleTenbCTByeT o TOM, MTO BO BceM 

flnana30He KOHqeHTpaqnii crpyifrypa COCTOMT M3 flByx cpa3 - 

nepBMHHbix KpucTannoB coeflMHeHUM CaZnn w CaAIZn M SBTeKTHKM, 

KOTopasi MMeeT uronbHaTyio CTpyiaypy. TeMnepaTypa HOHBapi/iaHTHoro 

npeBpameHMa cocraBmieT 883K, cocTaB aBTemrnKM 32 Mon.% CaAIZn M 

68 Mon % CaZnn. 

H3 M3yMeHHbix 3BTeKTMHecKwx cnnaBOB, caMbiM jierKonnaBKMM 

HBrmeTCfl 3BTeKTMKWM cnnaB cocTaBa: 7,6 aT.%AI; 59,1 aT. % Zn M 33,3 

aT. %Ca, KOTopbiM nnaBMTCfl npn 648 K. 

PacTBopMMOCTb TpoMHoro MHTepMeTannn,qa CaAIZn B 

coeflMHeHMM CaZn2 npn SBTBICTHKOM Ter/inepaType He3HamiTenbHa, H 

npoflonxoeT yMeHbiuaTbca c noHnwemieM TeMnepaTypbi. 

MuKpocTpyicrypbi cnnaBOB KBa3n6nHapHoro pa3pe3a CaAIZn-CaAIZn2 

noflTBep>KqatOT pe3ynbTaTbi TeprvumecKoro aHann3a. flnn 

MMKpocTpyiaypbi cnnaBOB xapaicrepHbi TaioKe ßße crpyirrypHbie 

cocTaBnaioinne - nepBHHHbie Bbiflenehwa CaAIZn (TeMHbie 3epHa), JIM6O 

CaZn2 (CBeTnbie nnacrnHbi) M SBTeiawKa (CaAIZn + CaZn2). 

©Eutectica-V 
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KOOpflMHaTbl HOHBapnaHTHblX paBHOBeCHM KBa3kl6MHapHblX 
3BTeKTMMeCKMX CeHeHMM TpOMHblX CMCTeM Al — Zn — Me 

KBa3M6M- 
HapHaa 
CMCTeivia 

PaBHOBecwe 
COCTaB 3BTeKTMKM, 

aT.% 
TeMnepa 
-Typa 
HOHBapM- 
aHTHoro 
paBHOBe- 
cufl, K 

Al Zn Me 

CaAIZn- 
CaAI2Zn2 

>K-><- CaAIZn+ CaAI2Zn2 36,4 36,4 27,2 923 

SrAIZn- 
SrAI2Zn2 

>K -»<- SrAIZn + SrAI2Zn2 38,0 38,0 24,0 928 

BaAIZn  - 
BaAI2Zn2 

>K -><- BaAIZn+BaAI2Zn2 38,4 38,4 23,2 1033 

CaAIZn- 
CaZrin 

>K->4-CaAIZn + CaZnn 11,6 72,8 15,6 883 

SrAIZn- 
SrZni3 

>K -><- SrAIZn+ SrZn13 21,6 54,4 24,0 873 

BaAIZn- 
BaZnn 

>K ■><- BaAIZn+BaZni3 10,0 76,0 14,0 763 

CaAIZn- 
CaZn2 

>K -*<- CaAIZn+ CaZn2 7,6 59,1 33,3 648 

SrAIn- 
SrZn2 

>K -»<- SrAIZn+SrZn2 5,2 61,5 33,3 653 

BaAIZn  - 
BaZn2 

>K -»<- BaAIZn+BaZn2 13,3 53,4 33,3 943 

CaAIZn- 
CaAI2 

>K -><- CaAIZn+ CaAI2 51,5 15,2 33,3 1123 

CaAI2Zn2- 
CaAI2 

>K -><- CaA2Zn2+ CaAI2 48,8 24,8 26,4 983 

©M.HTamiee, X.M. Ha3apoe, M.M. Xandodoe, H.H. ramieea, 2000r. 
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SBieKTHKa  IV 

MEJKCTPYKTYPHOE PACnPEAEJlEHHE nPMMECHblX 

3J1EMEHTOB B METAJ1J1HMECKHX PACn/lABAX 

M.A.HoeoxamcKUÜ3, B.0.Benoeb, B.3.KucyHbK0c, A.M.Iloaopeiioe0 

a)Omy, r.Oflecca , YKpawHa 

b)HnM HAHY, r.MaKeeBKa.YKpanHa 

c)fl0HM4M, r.AoHeqK,    YKpawHa 

C qenbio BbmcHeHna npupoAbi xHMnnecKOM 

MMKpOHeOflHOpOflHOCTM        B       MeTajlJlMHeCKklX       >KHflKOCTflX       M3yHeH0 

noBefleHMe aTOMOB BToporo KOMnoHeHTa, BBOflMMbix B pacrmaBbi 

HMCTbix MeTannoB. Hecopa3MepHO oonbiuwe acpcpeicrbi w 

cneuiMCpMMHOCTb BJiMfiHMa Manwx floöaBOK Ha o6"beMHbie CBoPicTBa 

>KHAKMX MeTannoB, Ha HecKo/ibKO nopaflKOB npeBbiiuaioiUMe MX 

B03Mo>KHbie aflAMTMBHbie BKJiaflbi, no3BormtoT flonycKaTb 

HepaBHOMepHOCTb pacnpefleneHMfl aTOMOB flo6aBOK Mex<fly 

CTpyKTypHbiMM cocTaBnaiou4MMM / KnacTepaMM M pa3ynopHqoHeHHOii 

30HOM / >KMflK0CTM - HBneHwe BHyTpeHHeM a,qcop6MMM B pacnnaBax. 

MewcTpyicrypHoe pacnpefleneHne B öwHapHbix pa36aBneHHbix 

pacnnaBax KonwMecTBeHHO MO>KeT 6biTb 3aflaHO cneqiiaribHbiM 

KoacpcpMMneHTOM /Kv/ pacnpefleneHkia 

(C2) pa3 

Kv 
= 

(C2)K 

rAe   (C2)pa3   M   (C2)KH   -   KOHi^eHTpaqnM   pa3ynopHqoMeHHOii   30Hbi   M 

KnaCTepOB   WWflKOCTM COOTBeTCTBeHHO. ilpn   /Kv/ > 1 flOßaBKM OTHOCHTCfl 

K ropocpunbHbiM, npn /Kv/<1 - K ropocpoöHbiM, B cnynae /Kv/=1 floöaBKM 

HBJiaiOTCfl        MHaKTMBHblMM.        3HepreTMMeCKMMM        CTMMynaMM        flJlfl 

pacnpefleneHun      npMMecHbix      nacTMi^      Me>xfly      CTpyiaypHbiMW 
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cocTaBnfiK)Li4MMM >KMflKOki cpa3bi ABJiaioTca pa3nnMna B napqkiaxibHbix 

aHeprnflx B3anM0,qeCicTBMfl pa3H0HMeHHbix nacTMLi B pa3ynopflflOHeHHOM 

30He M KnacTepax. 

Pa3pa6oTaHbi KonHnecTBeHHbie KpnTepni<i flnn onpeflenem-ifl 

mna Me>KCTpyKTypHoro pacnpeflenem-ia Ao6aBOK: no flaHHbiM 

flncpcpy3Hbix xapaicrepMCTMK, no BennnnHaM K03cpcpML(MeHT0B 

pacnpefleneHMfi flo6aBKM B CMCTeMe "KpwcTann-pacnnaB" n c 

ncnojib30BaHneM fluarpaMM $a30Bbix paBHOBecMw. ripeflnonaraeMbie 

MeTOflbi TecTupoBaHMSi flo6aBOK K wkiflKMM >Kene3y, aniOMMHMio M MeflM 

flocTaTOHHbi npocTbi, flaiOT xopoiuee coBnafleHne pe3ynbTaT0B M MoryT 

6biTb Mcnonb30BaHbi npn aHann3e xapaicrepa pacnpefleneHna Manbix 

npMMecePi B pacnnaBax. 

BbinoriHeHa SKcnepMMeHTanbHaa npOBepKa pacneTHbix MeTOflOB 

TecTupoBaHna Me>KCTpyiaypHoro pacnpefleneHiw nyreM ncnonb30BaHna 

acpcpeicra HCKaweHwa CTpyiaypbi pacnnaBa B npucTeHOMHOM 30He 

o6pa3i40B B «anHnnapax M3-3a KnacrepHOfi aflcop6L|Mki. C noMOiflbio 

peHTreHocnetapanbHoro MHKpo30H,qa B 3ai<aneHHbix H3 xwflKoro 

COCTOHHHA o6pa3i4ax aHann3npoBanncb pacnpeflenemie floßaBKM y 

CTeHOK Kanmiapa M B ero qempe. CyiflecTBeHHoe yMeHbiueHne 

KOHqeHTpaqnM xpoivia B o6pa3qax Fe-Cr B6nn3M Kanwnnapa npw 

nono>KMTejibHOH KnacrepHOfi aflCopöqnM Ha Me>Kcpa3Ho(i rpaHML|e "Fe*- 

Al203" CBMfleTenbCTByeT 06 ero ropocpmibHOc™ B >KHflKOM x<ene3e. 

riOKa3aHO, HTO c POCTOM TeMnepaTypbi BennHMHa acpcpeiaa 

Me>KCTpyKTypHoro pacnpefleneHna floöaBKki yMeHbwaeTca, HTO 

CBMfleTenbCTByeT 0 cyiflecrBeHHOM pa3ynopflflOHeHHM pacnnaBa n 

6onee paBHOMepHOM pacnpeflenemiH npuMecw B o6"beMe pacnnaBa. 

Pa3pa6oTaHbi MeTOflbi SKcnepwMeHTanbHoro onpefleneHwa 

KOHqeHTpannoHHbix rpam-m oßnacreM TpexcTpyiaypHbix pacnnaBOB c 

ncnonb30BaHHeM cpa30Bbix fluarpaMM H M30TepM cpu3MKO-XMMHMecKMX 

CBOPiCTB    pacnnaBOB    B    oönacTM    Manbix    coflepxcam-iii    BToporo 
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KOMnoHeHTa. BTopofi MeTOfl anpo6npoBaH Ha pacnnaBax cucrreM Al-Mg, 

Al-Cd, Al-Fe, Al-Sr, Al-Bi, Al-Sb (CM.TaSnwMy). 

CucTeMa tuC CB, pac. % 

no v nod CpeflHee 3HaMemie 

Al-Mg 675 0,4 - - 

750 0,5 0,5 0,50 

825 0,6 - - 

900 0,7 - - 

Al-Cd 675 0,090 - - 

750 0,095 0,090 0,0925 

825 0,100 - - 

900 0,10.5 - - 

Al-Fe 675 0,175 - - 

750 0,180 0,260 0,22 

825 0,190 - - 

900 0,195 - - 

Al-Sr 750 0,055 0,065 0,060 

Al-Bi 750 0,015 0,023 0,019 

Al-Sb 750 0,10 0,06 0,08 

YcTaHOBneHO, MTO  Maxibie flo6aBKM  BToporo  KOMnoHema  He 

M3MeHflK)T    B    CyUjeCTBeHHOM    CTeneHM    COOTHOUieHUe    OTHOCMTeJIbHblX 

flonew     CTpyicrypHbix    cocTaBJinioinMX     B    >KHAKMX     Meiannax 

pacTBopnTenjix, a 3cpcpeKT wx BnnfiHun npoHBrmeTca, B OCHOBHOM, B 

B03fleMCTBMM Ha napqnajibHbie CBOfiCTBa CTpyicrypHbix cocraBrmioinHX 

>KMAKOCTeM. 

© M.A.HoeoxamcKuu, B.Q.Benoa, B.3.KucyHbK0, A.M.noaopenoe, 2000r. 
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STRUCTURE AND PROPERTIES OF THE EUTECTIC Sn-Pb LIQUID 

ALLOY 

U.Dahlborg*, M.Calvo-Dahlborg3, P.S.Popelb and V.E.Sidorov" 

a)Laboratoire de Science et Genie des Materiaux Metalliques, CNRS 

UMR 7584, Ecole des Mines, 54042 Nancy Cedex, France 

b)Ural State Pedagogical Institute, Cosmonavtov 

Ave.26,620119,Ekaterinburg, Russia 

The possibility of struktural changes occurring in metallic melts has 

been discussed since long time and was recently confirmed in theoretical 

model calculations [1]. It was shown that after melting a 

microheterogeneous melt is formed which can be considered as a 

metastable non-equilibrium microsuspension of disperse particles , 

enriched in one of the components, surrounded by a molten matrix of 

different composition. These particles are thus inherited from the initial 

material. When heating the melt to a temperature, which is characteristic 

for its composition, the thermodynamic equilibrium between the particles 

and the melt matrix is destroyed and the system irreversibly transforms 

into a true solution state, thermodynamically stable at all above-liquidus 

temperatures. This transformation may be sharp but can also take place 

via several steps even in simple binary systems [2 ]. 

In order to get a more direct evidence of the existence of "particles" 

of different sizes in molten alloys, experimental investigations of a Sn-Pb 

melt have been undertaken. Because of its simple eutectic phase 

diagram, Sn-Pb can be regarded as a model system from which general 

conclusions on the microstructure of metallic metis may be drawn. 

A series of density measurements was thus carried out on the 

eutectic alloy Sn73i9 Pb2e,i [3]. The sample was melted at a temperature 

considerably exceeding the eutectic point, Te =183°C. After relaxation the 

density-temperature   dependence   was   determined   on   cooling.   No 
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peculiarities were registered for the density curve, p(T), for temperatures 

down to Te. The situation completely changes after crystallization of the 

sample and its remelting. On reheating the alloy, irregularities are 

observed and a dissolution and branching temperature, Td and Tb , can 

be defined. At temperatures higher than the dissolution point, Td , the 

values of the measured values of the density start to decrease. At 

temperatures higher than the branching point, Tb , the measured values 

of the density agree with the ones obtained on the first cooling as well as 

with those measured during subsequent thermal cycling of the melt. Td 

has been attributed to the start of the dissolution of the 

microheterogeneities inherited from the initial ingot and Tb to the point 

where the melt has reached the state of true solution, i.e. totally mixed. 

For Sn73,9Pb26,i, Td is at about 400°C and Tb about 750°C. 

In order to get a more substantial estimation of the sizes of the 

inhomogenejties, small angle neutron scattering experiments were 

performed at five temperature in one cycle, during heating at 250, 350 

and 650°C and during cooling at 350 and 250°C [3]. The signal is at all 

temperatures quite strong and it unambiguously shows that the sample 

contains "particles" with a very wide size distribution. By "particles" is 

meant regions in the liquid having a different composition than the 

environment. From the shape of the measured curves it is concluded that 

at least two different kinds of particles with different size distribution are 

present in the melt. The total intensity can be described by a sum of two 

independent contributions, below denoted "particle set (1)" (large 

particles) and "particle set (2)" (small particles).The following conclusions 

can be drawn: 

i) The composition of particle set (1) is only slightly affected by the heat 

treatment of the melt. 

ii) The composition of particle set (2) is unaffected by the heat treatment 

but it is irreversibly changing size during the heat treatment. Assuming 
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that the particles have spherical shape the average particle radius is 

decreasing from about 11Ä at 250°C to about 9A at 650°C. The cooling 

from 650°C does not affect the particle size. 

iii) The number of particles of both sets is decreasing during heating and 

no recombination is taking place during the subsequent cooling. 

The results confirm that molten liquid metallic alloys during heating 

undergo a number of structural transformations ranging from an initial 

microheterogeneous state to a true solution state. It is conjectured that 

the observed effects would have been even more accentuated if higher 

temperatures, i.e. above Tb=750°C, would have been reached in the 

SANS investigations. 
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BJlMflHHE KJlACTEPHOkl 
CTPYKTyPbl PACn/lABA HA 
KI/IHETHKY 3BTEKTHMECKOM 
KPMCTA^J1M3A14MM 

INFLUENCE OF CLUSTER 
STRUCTURE OF MELTS ON 
THE KINETICS OF EUTECTIC 
SOLIDIFICATION 
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BJlHflHME COCTOflHHH PACHJIABA HA nPOLJECC 

KPMCTAJU1M3AMMH CHJ1YMMHOB 

E.E.Bapbiwee, T.K.KocmuHa, r.B.TaayHoe, B.A.BayM 

ypanbCKMM rocyflapcTBeHHbiw TexHunecKUM yHMBepcuTeT 

r.EKaTepMH6ypr, POCCMH 

npoMbiiuneHHbie   rwTewHbie   aniOMMHMeBbie   cnnaBbi   flora<Hbi 

06/iaflaTb      BbicoKMMM      3KcnnyaTai4MOHHbiMM      M      cnequanbHbiMH 

dpV\3meCKV\MW   CBOMCTBaMH.   H3BeCTH0,   MTO   OflHMM   M3      SCpCpeKTHBHblX 

cnocoöoB ynyMiueHMfl crpyicrypbi M noBbiuieHwa CBOMCTB MeTannnMecKMX 

MaTepnanoB HBrmeTca npeflBapHTenbHaa noflroTOBKa MX pacnnaBOB K 

KpncTa^nn3amin. flna 3Toro Heo6xoAMMO w3yHeHne TeMnepaTypHbix 

3aBMCHMOCTew CTpyKTypu M cpM3MMecKMX CBOMCTB >KMflKoro MeTanna, 

B3aHMOCBH3H   CTpyKTypbl   M   CBOMCTB   XWflKOrO   M   TBepflOTO   COCTOflHMM, 

npoLjecca KpncTannH3amin. 

ftna   nccneAOBaHMH   BbiSpaHbi   npoMbiiuneHHbie   cnnaBbi   Ha 

ocHOBe   CMCTeMbi   anKJMMHMM   -   KpeMHMft:   AJ132,   AJ130   H   AK21, 

COOTBeTCTBeHHO flOSBTeKTMHeCKOrO, SBTeKTHMeCKOrO M 3a3BTeKTMHeCK0r0 

COCTaBOB. 

nOJlMTepMbl   KMHeMaTMMeCKOÜ   BH3KOCTM   M3yHeHHblX   CMJiyMMHOB 

nofloÖHbi M MMeioT BMfl, xapaKTepHbiü flna anioMWHweBbix cnnaBOB. 

HarpeB pacnnaBa npMBOflMT K MOHOTOHHOMy cHwweHMio 3HaHeHww ero 

B«3KOCTM. npn 3TOM He3HaHMTenbHbiM neperpeB pacnnaBa Bbiwe 

TeMnepaTypbi nuKBWflyc He flaeT rncTepe3nca nonnTepM v(t) npn HarpeBe 

M oxna>KqeHHM. ripw yBennneHMM nepepeBa Ha 3aBMCHMOCTH v(t) 

HaSniOflaeTCfl M3HOM. TeMnepaTypy, cooTBeTCTByioinyio noflBneHMio 

M3noMa, o6o3HaHMM KaK tai. flocneflyioinee oxna>KfleHMe npwBOflUT K 

BeTBneHMK)  noriMTepM.  ripw  STOM  B6JIM3M   HeKOTopoii  TeMnepaTypbi, 

Ha3BaHH0M  ta2,   Bfl3K0CTb   CKaHK006pa3HO  yBenMHMBaeTCfl   M   BnriOTb   flO 

KpMCTannn3aqMM    MMeeT   MeHbiuwe   3HaHeHna,   neM    npw    HarpeBe. 
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AHOMajiMM Ha nonnTepMax BH3KOCTM M rncTepe3nc CBMAeTenbCTByiOT o 

HannHMM CTpyiaypHbix npeBpau^eHUM B >KMAKOM cnnaBe. CpaBHeHkie 

nonmepM v >KMAKMX cnnaBOB AJ132, AJ130 w AK21 no3Bonnno BbmBMXb 

TeMnepaiypHbie MHTepBanw CTpyiaypHbix npeBpaoieHnti B HMX npn 

HarpeBe (ta0 vt oxna>KfleHMM (ta2). 

ripoi4ecc 3aTBep,qeBaHHfl cnnaBOB H3yneH MeTOflOM flTA. 

AHann3 nonyneHHbix pe3ynbTaroB noi<a3an, HTO cocTaß cnnaßa 

onpe,qe.nfieT npoLjecc KpncTannn3aL(MH. no xapaicrepy 3aTBepfleBaHna 

M3yHeHHbie cnnaBbi MO>KHO pa3,qenMTb Ha 2 rpynnbi. K nepBOii OTHOCHTCH 

floaBTeKTMMecKUki cnnaB AJ132 n 3a3BTeicTnwecKMM cnnaB AK21; KO 

BTOpoPi rpynne - 3BTeKTWMecKMti cnnaB AJ130. 

ripn 3aTBepfleBaHMM cnnaBOB nepBOM rpynnbi HaßnioflaioTCfl flBa 

cpa30Bbix npeBpaLqeHMfl. KpncTannii3aL(km HaMMHaeTca c BbifleneHMa 

nepBMMHOfi cpa3bi (flna cnnaßa AJ132 STO TBepAWM pacTBop Ha ocHOBe 

anKDMMHwn, flrifl cnnaßa AK21 - nepBMMHbiw KpeMHUii) M 3aKaH>HMBaeTCH 

CpOpMMpOBaHHeM 3BTeKTMKM. CnOWHbIM BUfl MaKCWMyMa Ha KpMBblX flTA 

c HannbiBaMw KaK Ha npaBoft, Ta« M Ha neBOü BetBax CBM,qeTenbCTByeT o 

CpOpMWpOBaHMM HeCKOflbKHX TMnOB 3BTeKTMK. MO>KHO npeflnOJ10>KMTb, HTO 

OCHOBHOJ4  nMK Ha  KpMBOM flTA flaeT 3BTeiCTMKa  Ha  OCHOBe  aniOMMHUJI  M 

KpeMHMfl, a HanjnbiBbi - OBievjww Ha 6a3e aniOMHHmi M 

MHTepMeTajinnAHbix cpa3 (FeMnCu)3Si2Ali5, FeSiAI5, CuAI2. 

3aTBepfleBaHiie cnnaBOB BTopofi rpynnbi nponcxoflMT no 6onee 

npocTOMy MexaHM3My. B CBH3M C TeM, mo xuMmecmü cocraß cnnaßa 

AJ130 6nn30K K aBTeKTunecKOMy, Ha6nio,qaeTCfl TonbKO SBTeicnmecKoe 

npeBpameHMe. TaioKe KSK M B cnnaBax AJ132 v\ AK21, B cnnaße AJ130 

BbiflenneTCfl HecKonbKO TunoB SBTeKTMK. 

O6o6mafl pe3yiibTaTbi aHann3a KpuBbix flTA flna Bcex Tpex 

cnnaBOB OTMCTHM, mo npeflBapwenbHbiw HarpeB pacnnaBa Bbiiue ta1 

npuBOflMT K cy>KeHMK) TeMnepaiypHoro MHTepBana KpncTannM3aqnM, a B 
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cnynae flo- M 3a3BTeKTHHecKMX cnnaBOB conpOBO>KAaeTCH yMeHbiueHneM 

TeMnepaTypHoro MHTepBana BbiAeneHvm nepBMMHofi cpa3bi. 

PaccMOTpMM, KaKMM o6pa30M cocTOflHue pacnnaBa wio>KeT 

BJiwflTb Ha npoL|eccbi cTpyKTypoo6pa30BaHMfl npw KpMCTannM3ai4MM, 

HanpMMep, B cnnaße AJ130. Cpa3y nocne pacnnaBneHM« B >KMAKOM 

MeTanne cymecTByioT MWKporpynnnpoBKH, Hacneflyiomkie HepTbi 

TBepflbix $a3. 3TO MoryT 6biTb o6nacTM c 6JIM>KHMM nopnqKOM, 

noflOÖHbiM ajiioMMHMK), MMKporpynnnpoBKM Ha 6a3e KpeMHwn M 

MHTepMeTannnAOB. KpucTannusai^nn cnnaBa AJ130 HamiHaeTCH c 

BbifleneHun   3BTeKTWKH.   Ba30B0fi   cpa30M   B   SBTeicrMMecKOM   cucreMe 

aJIKJMMHMM        -        KpeMHMM        HBnHKDTCfl        KpMCTannbl        KpeMHMfl,        M 

KpncTaji^n3aL(Mfl HaMMHaeTCfl c o6pa30BaHMH 3apoflbiiiieM KpeMHMa. 

MO>KHO nonaraTb, HTO cymecTBOBaBUine B pacnnaBe HepaBHOBecHbie 

MMKporpynnnpOBKM KpeMHMfl npw onpeAeneHHbix TeMnepaTypax (t3) 

HBnflKrrcH 3apoAbiiuaMn KpncTannn3ai4MM M MHMMMnpyiOT 3BTeKTMMecKoe 

npeBpameHne. 

C noBbimeHneM TeivmepaTypbi HarpeBa pacnnaBa Bbiuue ta1 

nponcxoAMT HeoBpaTHMbiM pacnaA HepaBHOBecHbix MWKporpynnnpoBOK. 

ripn nocneAyioiAeM oxna>KAeHMM B paBHOBecHOM pacnnaBe B03HMKaiOT 

MMKporpynnMpOBKM HecKonbKO MHoro codaBa, cTpoeHwa M pa3MepoB. KaK 

npaBuno, B TaKOM pacnnaBe cpopMMpyiOTCfl MMKporpynnnpoBKn 

MeHbiiiero pa3Mepa. KpoMe Toro, Knacrepbi Ha ocHOBe KpeMHwa, no- 

BMAMMOMy, ywe He MoryT HanpaMyio cnyxwTb 3apoAbiLuaMM 

KpncTannn3aL\MM, TaK KaK MX cTpoeHne omnMaeTCH OT CTpyKTypbi 

KpucTannnnecKoro KpeMHMH, M TpeßyeTCH nepecTpoMKa MX 6nn>KHero 

nopnqKa. B pe3ynbTaTe TeMnepäTypa o6pa30BaHHH SBTeKTHKM 

anioMUHMCi - KpeMHMM noHnwaeTca, HTO M HaßmoAaeTcn Ha onbrre. 

BbiCKa3aHHbie npeAnonoxeHMfl npMMeHMMbi M Ana ApyrMX CMnyMMHOB. 

© E.E.Eapbiwee, T.K.Kocmuna, r.B.TnayHoe, E.A.BayM, 2000r. 
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BJIHflHME CTPYKTYPHblX H3MEHEHMM PACI1J1ABA HA 

nPOMECC KPHCTAJ1J1M3AMMH HEKOTOPblX MCAPOnPOHHblX 

HHKEJIEBblX CnüABOB 

AT. TmyHOe, E.E. Eapbiuiee, B.A. BayM, T.K. KocmuHa 

ypanbCKMM rocyflapcTBeHHbiM TexHMMecKMM yHMBepcMTeT 

r.E«aTepnH6ypr, Pocckm 

Ba>KHbiM pe3epB ynyHweHWH cnyweßHbix xapaicrepHCTWK 

«aponpoHHbix HMKeneBbix cnnaBOB 3ano>KeH B no/iroTOBKe MX pacnnaBOB 

K npoqeccy KpwcTannn3ai4KM. H3BecTH0, MTO seM Bbiiue CTeneHb 

paBHOBecHOCTM pacnnaBa nepeA KpMCTannM3ai4new, TeM Bbiuje M 

CTaßwnbHee KaMecTBO nMTbix v\3f\enm. L|enbio HacTOflmetö paßoTbi 

HBnaeTCfl M3yMeHne BnmnHna TeMnepaTypHoü oßpaöoTKW pacnnaBa Ha 

npoqecc KpncTannM3aqi<iM waponpoHHbix cnnaBOB >KC36 M >KC6Y. 

PaHee B Hainnx paßcrrax [1,2] 6binw M3yneHbi TeMnepaTypHbie 

3aBMCMM0CTM  CpM3MMeCKMX CBOÜCTB  CnnaBOB >KC36  M >KC6Y  B  >KMflKOM 

cocTOHHMH M onpeAeneHbi TeMnepaTypHbie nHTepBanu nepexo^a 

pacnnaBOB B roMoreHHoe M MMKpooflHOpoflHoe cocTOHHwe. flna cnnaBa 

>KC36 3TOT MHTepBan 6bin (1550-1800)°C, a fl,na cnnaBa >KC6Y-(1450- 

1670) °C 

MeTOflOM flucpcfjepeHi^nanbHoro TepMMHecKoro aHann3a 

M3yHanocb BnnflHue COCTOHHMH pacnnaBOB nccneflyeMbix waponpoHHbix 

HMKeneBbix cnnaBOB Ha npoL^ecc MX KpncTannM3annM M TeMnepaTypw 

cpa30Bbix npeBpameHMfi. AHann3 flTA-KpuBbix oxna>KqeHMfl o6pa3qoB 

cnnaBOB >KC36 M >KC6Y, HarpeTbix B >KMAKOM COCTOHHMM flo pa3Hbix 

TeMnepaTyp, no3BonaeT ycTaHOBMTb TeMnepaTypy niiKBUflyc (tL,°C), 

TeMnepaTypw Hanana o6pa30BaHMfl KapönflOB Tuna MC (tMC,°C) M 

3BTeKTMKM Ha ocHOBe y+V (U, °C). T6MnepaTypy conMflyc (ts,°C) M 

TeMnepaTypy Hanana BbiAeneHua BTOPMMHOM y'-(pa3b\ (tSOiv,0C). 

Ha pnc.1A noKa3aHbi 3aBncnMOCTM tL, t3, ts, tSO|V OT TeMnepaTypbi 

MaKCMManbHoro HarpeBa pacnnaBa (tMax,0C) cnnaBa   >KC36. CneAyeT 
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3aMeTHTb, HTO npM TeMnepaType MaKCMManbHoro HarpeBa pacnnaBa, 

KOTopan cooTBeTCTByeT TeMnepaType KOHqa npeBpameHwü B >KHAKOM 

COCTOHHMM, cpMKCwpyeTCH MaKCMMyM nepeoxna>KfleHMfl, HanSonee 

HM3Kne 3HaHeHMfl TeMnepaTyp nm<BM,qyc n conMßyc w MWHMManbHbm 

TeMnepaTypHbiM wm-epBan KpncTannn3aL|MH. 

KpoMe Toro, nocne HarpeBa pacnnaBa B MHTepBan TeMnepaTyp 

(1550-1800)°C, Ha KpMBofi flTA npM nocneflytomeä KpucTannnsat^MM He 

o6Hapy>KeH TepMMHecKMfi acpcpeicr, cBswaHHbiü c aBTeiaMHecKOü 

peaKi4new. Ecnn >Ke HarpeB pacnnaBa He coBnaflan c TeMnepaTypHbiM 

flwana30HOM npeBpaineHHfi, TO TeMnepaTypa BbifleneHwa OBTeicrnKM Ha 

flTA-KpMBOM cpMKCMpoBanacb. 3TO noflTBep>KflaeT n pennon owe HUH, 

BbiflBMHyrbie HaMM paHee [1,2], o TOM, HTO HarpeB flo STMX TeMnepaTyp 

nepeBOflMT pacnnaB B roMoreHHoe, MMKpooAHopoAHOe, paBHOBecHoe 

cocroflHwe. 3TO npMBOflMT K noHioxeHHK) TeMnepaTypw nuKBUflyca 

cnnaBa, yMeHbiueHMio MHTepBana KpncTannn3ai4MM, a TaioKe 

nOBbiLueHwo cTeneHM nepeoxna»fleHMfl pacnnaBa nepefl 

KpncTannM3aqMeii. 

t,°c 

BOO 

1200 

t,»C 

1300 

1500   1600  1700  1800 tMAX,«C 
1200 

"• * • • 'sxv 
_1 _l  

1100    1500     1600    1700    1800'max'0 

Pud. BnHHHwe TeMnepaTypw MaKCMManbHoro HarpeBa 
pacnnaBa Ha TeMnepaTypw cpa30Bbix npeBpameHwü npw 
KpncTannn3ai4MM M3yHaeMbix >KaponpoHHbix cnnaBOB, A - 
>KC36;E->KC6y. 
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PaccMOTpuM BJiMaHne TeMnepaTypw HarpeBa pacnnaBa Ha 

M3MeHeHne napaMeipoB KpncTannn3ai4nn cnnaBa >KC6Y. noBbimeHne 

TeMnepaTypbi HarpeBa pacnnaBa npaicrMHecKH He M3MeHfleT ero 

nepeoxna>KfleHMn npw KpMCTannu3aL(MH. BMecTe c TeM, yBejnuHeHMe tMax 

nocTeneHHO cywaeT MHTepBan KpwcTannn3ai4MH 3a cneT HeKOToporo 

noBbiiiieHkia TeMnepaTypw conwflyc (pnc.1B). ripn HarpeBe pacnnaBa flo 

TeMnepaTypbi    c-KOHHaHMH    CTpyicrypHbix    npeBpaujeHMM    B    KMAKOM 

COCTOflHMM    CpklKCMpyeTCfl    MMHHMaTlbHbIM    MHTepBan    KpMCTannH3aL|MH. 

flanbHeiiaiee    yBenwHeHne    TeMnepaTypbi    MaxcMManbHoro    HarpeBa 

pacnnaBa  y>xe  He   n3MeHaeT  ero.  Taioxe  nocne  HarpeBa  f\o  STOM 

TeMnepaTypbi     noBbiiuaeTcn     TeMnepaTypa     Havana     o6pa30BaHwa 

OBTeTMKM, a TeMnepaTypa Havana BbißeneHMfl KapGwflOB MaKCMManbHO 

npn6nn>KeHa K tL. 

TaKMM o6pa30M noKa3aHO, HTO noBbiaieHiie TeMnepaTypbi HarpeBa 

pacnnaBOB x<aponpoiHbix HMKeneBbix cnnaBOB npMBOflWT K yBenwneHMK) 

BenuMMHbi   MX   nepeoxna>KqeHMa   npw   «pMcrannMsauiMW,    npw   STOM 

yMeHbLuaeTCfi      TeMnepaTypa      nMKBMAyc,      cywaeTca      MHTepBan 

KpncTannM3aL4MM  M  noBbiujaeTCfl TeMnepaTypa  BbifleneHMH  OCHOBHOM 

ynpoHH«K)ii|eM y'- cpa3bi. MaKCMManbHoe nepeoxnax<fleHMe, HaMÖonee 

HM3Kan     TeMnepaTypa     nMKBMflyc     M     caMbiPi     y3KMw     MHTepBan 

KpMCTannM3ai4MM B03HMKaiOT npM 3aTBepfleBaHMM, ecnw pacnnaB 6bin 

npeflBapMTenbHO HarpeT flo TeMnepaTyp KOHi^a CTpyiaypHbix M3MeHeHHM 

M     nepefl     HananoM     KpMCTannM3aqwM     MMeen     paBHOBecHoe     M 

MMKpooflHopoflHoe cocTO^HMe, 4To B HawnyHLueM CTeneHM noBnMnno Ha 

xofl npoqecca 3aTBepfleBaHMn MeTanna. 

J1HTEPATYPA 

l.YflenbHoe aneiapoconpoTMBneHMe >KMAKMX xoponpoMHbix cnnaBOB / 
AT. TnryHOB, E.E. BapbiuieB M flp.// PacnnaBbi.1996. N26. C. 23-28. 
2.BnMflHMe yrnepofla Ha CTpyicrypy M CBOücTBa waponpoHHOro cnnaBa 
>KC6Y B >KMflKOM M TBepflOM COCTOHHM/ E.E. EapbiiueB, E.A. EayM M flp.// 
PacnnaBbi.1997. N°4. C. 32-36. 

© A.r. TaayHoe, E.E. Eapbiwee, E.A. EayM, T.K. KocmuHa, 2000r. 
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B3AHMOCBH3b CTPyKTYPHOrO COCTOflHMfl TBEPflblX H 

MCHflKMX CnJIABOB Al-Co 

E. B. PoxumiHa3, O. A. VuKoea3, Fl. C. Ilonenb3, \A. V. Bpodoea" 

a) ypaubCKMM rocyflapcTBeHHbiii neAaroranecKUM yHWBepcuTeT 

r.EKaTepuHÖypr, POCCMH. 

b) ypanbCKoe OTAejieHne PAH, MHcrmyT C|)M3MKM MeTannoB 

r.EKaiepMHÖypr, POCCMH. 

HHTepec   MCcneflOBaTeneii    K   cnnaBaM    CMCTeMbi   Al-Co   c 

COCTSBOM   6J1M3KMM   K  SBTeKTHMeCKOMy  -  AI-lBeC.%CO   06"bflCHfleTCfl   MX 

B03pacTatomeM TexHunecKOM 3HaHMMOCTbio. H3BecTH0, HanpMMep, MTO 

BBefleHne B anfOMMHww KoßanbTa noBbimaeT npoHHOCTb M ynpyrocTb 

cnnaBOB. Arm onpefleneHkin orrrMManbHoro pe>KMMa BbinnaBKM 

yKa3aHHbix    pacnnaBOB    aicryaribHa    MHcpopMaL|w?i    o    orpyicrypHOM 

C0CT0HHHM >KMflKOrO M TBepflOrO MeTanna V\ MX B3aMM0CBH3M. 

AßTopaMM HacTOflinePi paooTbi B KanecTBe CTpyiaypHO- 

HycTBMTenbHoPi xapaKTepucTMKH pannaBOB Al-Co Bbi6paHa BH3K0CTb. 

ripoBefleHO BMCK03MMeTpnMecKoe MccneflOBaHne WMAKMX crmaBOB 

CMCTeMbi A!-Co c coflepaoHMeM Co 0,2; 0,5; 0,7; 1,0; 2,0;5,0;7,0 M 10,0 

Bec.%, a Taioxe M3yHeHMe BJIMAHMA neperpeßa pacnnaBa Ha 

MMKpocTpyicrypy rmToro MeTanna. 

Bfl3KOCTb M3Mepfinacb MeTOflOM 3aTyxaroinMX KpyTMnbHbix 

Kone6aHMM TM.rrm c pacnnaBOM B pex<MMe Harpeßa M nocneflytomero 

oxna>KfleHVifi o6pa3LjOB. Bee onbiTbi npOBOflMHMCb npM pa3pe>KeHMM HM>Ke 

1   ria.  CnnaBbi  npeflBapMTenbHO  roTOBMnMCb  nyieM  neperpeßa  Haß 

/IMKBMAyCOM     Ha     100-150°C      B     MHflyKL^MOHHOM     neHM.      HcXOflHbIMM 

MaTepnanaMM npM LUMxroBKe cnysmm anioMMHMM MapKM A-999 M 

KOÖaribT MapKM K-0 c coflepwaHMeM OCHOBHOIX) KOMnoHeHTa 99,98%. 

HenocpeflCTBeHHO nepefl M3MepeHMeM BH3KOCTM B ycTaHOBKe o6pa3ei4 

HarpeBancfl   flo    900°C    c    qenbio    yaaneHMH    OKCMAHOM    nneHKii. 
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H30TepMMHecKne Bbiflep>KKH B TOHKax OTcneTa cocTaBjinnn He MeHee 30 

MMHyT. CnynafiHaH norpewHocrb onpefleneHun BH3KOCTH He npeBbiwana 

3%. 

CpaBHUTenbHbiii MeTannorpacpwHecKHW aHann3 MkiKpocrpyicryp 

npoBOflMJicn TpaflnqnoHHbiMM MeTOflaMM. BjiMPHne TeMnepaTypw 

HarpeBa pacnnaBa Ha cTpyicrypy TBepflOM 4)a3bi 6bmo M3yneHO Ha 

npuMepe Tpex o6pa3L(OB, MMeioinMX pa3Hbie XMMMHecKMe cocTaBbi - 0,5; 

1,0 M 10 Bec.% Co M OTHOcnii(Mxcfl K cnnaBaM floaBTeKTMHecKoro, 

3BTeKTMHecKoro M 3a3BTeKTMMecKoro TMnoB, cooTBeTCTBeHHo. Bee 

o6pa3i4bi 6binn 3aKpncTannw30BaHbi npn OAHOM CKopocTM oxna>KfleHWfl - 

B TMme BMCK03MMeTpa, TeMnepaTypa HarpeBa pacnnaBa cocTaBnana 

tJl+1000CMtn+11000C. 

B pe3ynbTaTe BMCK03HMeTpnHecKoro nccne,qoBaHMfl Al-Co 

oOHapyxeHO BeTBneHne nonmepM HarpeBa M oxna>KfleHMH ana 

o6pa3L(OB floaBTeianqecKnx cocTaBOB. Hanano BbicoKOTeMnepaiypHoro 

coBna,qaiomero ynacTKa nom-rrepM OTBenaeT MHTepBany TeMnepaTyp 

980°-1000°C. OTMeneH w3noM Ha TeMnepaTypHbix 3aBwcnM0CTflx 

BH3KOCTM pacnnaBOB sBxeicTMHecKoro v\ 3a3BTeKTMHecKwx cociaBOB, 

cooTBeTCTByiomMpi yBennseHMK) npwMepHo B flBa pa3a SHeprwn 

aKTMBaqnn Bfl3Koro TeneHUH B6nM3ii 950° C. 

BnnHHue neperpeBa pacnnaBa Ha CTpyKTypoo6pa30BaHne 

M3yMeHHbix o6pa3i40B o6Hapy>KeHO Ha flosBTeKTimecxOM cocTaße. B 

HacTHOCTM, nocne neperpeBa yMeHbumnocb KonkinecTBO 

nceBflonepBMMHbix KpucTannoB amoMWHki,qa Ko6anbTa nwKBaqnoHHoro 

npoMCxo>KfleHMfl M crana 6onee flucnepcHOü crpyicrypa SBTeKTWKM. B 

CTpyicrypax cnnaBOB SBTeKTMMecKoro M 3a3BTeKTWMecKoro cociaBOB 

M3MeHeHMM npaKTMMecKM He oÖHapy>KeHO. OTMeneHO niiim, <-rro nocne 

neperpeBa 6onee npeflnoHTkrrenbHOM cpopMOM pocTa KpucrannoB 

antoMMHMfla «oSanbTa CTaHOBmca OKpyrnan cpopMa, a caMM Kpwcrannbi 

72 
©Eutectica-V 



3BTeKTMKa      V 

npnoöpeiaioT flecpeKTHOB CTpoeHMe v\ coflepaOT MHO>KecTBO TpemMH H 

nop. 

ABTopbi o6cyx<flaiOT nojiyneHHbie pe3yjibTaTbi c no3nqnfi 

KOJinoMflHoti MOflenw MUKporeieporeHHoro CTpoeHiia pacnnaBOB. 

ComacHO 3THM npeACTaBneHHAM, npn nnaBneHwi flByxcpa3Horo cnwrKa 

o6pa3yeTca pacnnaB, COCTOHIHHM M3 flncnepcHbix MacTHL( M 

flMcnepcuoHHOM cpeAbi pa3nnHHbix xwMUMecKMX codaBOB. ComacHO 

CTa6nnbHOM flwarpaMMe cocTOHHHfi cucTeMbi AI-Co npw nnaBJieHUM 

n3yweHHbix o6pa3qoB 3TM $a3bi o6pa3yK>TCH KaK Ha ocHcme nepBMHHbix n 

3BTeicrnHecKMX KpMcrannoB anbcpa-cpa3bi, TaK M Ha ocHOBe 

HHTepMeTannnfla AI9Co2. B nonb3y STOM rnnoTe3bi cBMfleTenbCTBywT 

MHoroHMCJieHHbie 3KcnepnMeHTajibHbie AaHHbie no TepMOflMHaMnnecKUM 

CBOMCTBaM,     nnOTHOCTM,     BH3K0CTM     M     nOBepXHOCTHOMy     HaTJDKeHMK) 

pacnnaBOB cucTeMbi AI-Co. BeTBJieHne nonmepM BASKOCTM B onbiTax c 

pacnnaBaMM A03BTeicnmecKi<ix cociaBOB MO>KHO cBH3aTb c Heo6paTMMbiM 

pa3pyuieHneM flwcnepcHbix HacTnq, o6pa30BaHHbix Ha ocHOBe 

nepBMHHbix KpucTannoB anbcpa-cpa3bi. B pe3ynbTaie sToro npoi^ecca, 

no-BUflMMOMy, B03pocno nepeoxnax<AeHi<te Ha cppoHTe KpncTannn3am<ii/i, 

MTO M npHBeno K yKa3aHHbiM Bbiine n3MeHeHMHM JIMTOM CTpyicrypbi. 

M3jioMb! Ha nonwepMax BHSKOCTM, OTMeneHHbie B6JIM3M TOHKM 

nnaBJieHMa     MHepMeTannnAa    AI9Co2    B    onbrrax    c    o6pa3MaMM 

SBTeKTMHeCKOrO      H      3a3BTeKTMHeCK0r0      COCTaBOB,      npn      OTCyTCTBMM 

BeTBneHMfl   «puBbix   HarpeBa   n   oxna>KAeHMH   Moryr   6biTb   Bbi3BaHbi 

oßpaTMMbIMH     CTpyKTypHbIMM     M3MeHeHMflMM,     npoHCXOAflLUMMH     npi-i 

HarpeBe c wacTuqaMM, 6nn3KWMM no cociaBy K yi<a3aHHOMy 

MHTepMeTaiiJiMAy. BcneACTBMe MX o6paTMMocTn He HaonioAaeTCH 

pa3nnHMM MMKpocTpyiayp o6pa3U|OB 9BTetanMecKoro M 3a3BTeKTMHecKnx 

cociaBOB, BbinnaBneHHbix npn pa3nwMHOM neperpeBe HaA nuKBMAycoM. 

©£. B. PomuifUHa, O. A. HuKoea, n. C. flonejib, H. T. Epodoea, 2000r. 
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ANOMALIES OF MECHANICAL AND PHYSICAL PROPERTIES OF 

Fe83B17 EUTECTIC AMORPHOUS ALLOY CAUSED BY SPECIAL 

ELECTRONIC AND ATOMIC STRUCTURES OF ITS NANOCLUSTERS 

V. Bengus 3, A Beznosov a, V. Desnenko a, P. Duhaj b, V. Eremenko a, 

E. Fertmana, E. Tabachnikovaa 

a) B. Verkin Inst. for Low Temperature Physics & Engineering of NASU, 

Kharkov, 61164, Ukraine 

b) institute of Physics of SAS, 84228, Bratislava, Slovakia 

INTRODUCTION 

The main property of an eutectic melt - its least temperature of 

solidification in comparison with nearby compositions - evidences the 

maxmum stability of liquid state of eutectic alloys regarding 

crystallization. In the framework of notions on tetrahedrally coordinated 

nanoclusters of metallic melts [1, 2] this indicates the highest average 

binding energy per atom of eutectic nanoclusters in comparison with 

noneutectic ones [3] and must result in extremum in "composition- 

properties" plots at the eutectic composition [4], Such extremum have 

been really detected, e.g. for the Fe-B melt [3, 5]. 

Knowledge of the atomic structure and properties of tetrahedrally 

coordinated eutectic nanoclusters is of a key importance for the further 

development of materials science and physics of eutectic alloys. Such 

knowledge could be obtained experimentally by the study of atomic 

structure not only of a liquid state but also of amorphous alloys which 

inherit nanoclusters of the melt under its rapid quenching [6]. But existing 

methods of the structural analysis give mainly averaged information 

(radial distribution functions) about structure of non-crystalline solids and 

so far are ineffective for establishing precise atomic structure of 

nanoclusters in amorphous alloys [7]. 

At the same time according to the hypothesis of W. Hume- 

Rothery and E. Anderson eutectic nanoclusters in binary metallic alloys 
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are noncrystalline aggregates of icosahedra that have been effectively 

explained definiteness of compositions of liquid binary eutectics in nature 

[8]. Indirect information about atomic structures of these eutectic 

tetrahedrally coordinated nanoclusters can be obtained from the analysis 

of "composition-properties" diagrams of amorphous alloys that may give 

criteria [9] for choosing probable geometric models of the nanoclusters. It 

is worth noting that similar to the best stability of eutectic melts regarding 

crystallization under cooling, eutectic amorphous alloys has the best 

stability regarding the crystallization under heating (e.g. in the Fe-B 

amorphous alloys it is evidenced by measurements both of the 

crystallization temperature [10] and of the activation energy [11]). 

This paper up-dates anomalies of mechanical and physical 

properties of the Fe83B17 eutectic amorphous alloy considered to be a 

consequence of the highest binding energy per atom of its nanoclusters 

(and the most disordered intercluster boundaries [12]) and demonstrates 

new observations of the anomalies in the Fe-B amorphous alloy system 

at the eutectic composition which evidence the most stability of atomic 

and electronic structures of nanoclusters in the Fe83Bi7 eutectic 

amorphous alloy. 

MATERIALS AND METHODS 

Fe10o-xBx   (x   =   14,   16,   17,   20)   amorphous   alloys   were 

manufactured by planar flow casting [13] as 6 mm width ribbons with 

nearly  30  |xm  thickness.   Concentration  dependences  of  numerous 

properties of these ribbons were studied: the critical shear stress af in 

tension - according to the methods described in [13], low temperature 

thermal expansion a (according the method described in [14]), light (sp) 

conduction electrons density n0 (was obtained from the measurement of 

surface and volume energy-loss functions Lsv in the three-parameter 

Drude model through the Eq. (1) for plasma frequency ap 

n0 = m cop
2/4 ne2 , (1) 
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m, e - the electron mass and charge accordingly,) - with an optical ellipso- 

metry technique (in the spectral range 0.5-4.2 eV) for chemically polished 

(just before optical study) ribbon surfaces [9], saturation magnetization Ms 

and g-factor - from the ferromagnetic resonance measurements [13], 

initial and maximum magnetic permeabilities /^ and /jmax, effective 

magnetic susceptibility %, and the stress sensitivity of some magnetic 

characteristics under uniaxial tension and compression (in an elastic 

region) were measured by the pulse-induction technique or with the 

SQUID magnetometer [15]. 

EXPERIMENTAL RESULTS 

Concentration dependences of some studied properties of the Fe10o-xBx 

amorphous alloys are shown in Figures 1 - 2. It can be seen that the 

lowest values of the critical shear stress <jf , sp-conduction electrons 

density n0 (calculated from ellipsometry measured plasma frequency wp) 

and the Lande factor g0 of spectroscopic splitting are obtained for the 

eutectic amorphous alloy Fe83B17 (x = 17). Average derivatives of 

magnetic remanenc ßrand effective dc susceptibility ^ with respect to a 

tension stress <r or a compression pressure P are shown in Figures 3 - 4 

for different compositions, temperatures and elastic stresses. It can be 

seen that the eutectic composition Fe83B17 has the lowest values of 

%A d Inxl dP at 30, 70, 100 K (and practically at all studied temperatures) 

and Aßr /ACT (at 300 K) and is the least sensitive to changes in 

temperature and stress. Also it has the lowest thermal expansion 

coefficient a, initial ju0 and maximum ^max magnetic permeabilities, and 

saturation magnetisation Ms[15, 17]. 
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16 18 
x [ at.% B ] 

Fig.1. The critical shear stress 
of Fe10o-xBx amorphous alloys 
at the strain-rates 1x10"6 

s"1 (+),8.3x10"5s"1 (D), 2.5x10' 
V(«) (at 300 K) and 8.3x10" 
V(A) (at 77 K) vs. x. 

Fig.2. Effective "initial" (i.e. 
corrected by the compensation 
of the linear part of 
concentration dependences) 
conduction electron density n0 

and g-factor g0 of the Fe10o-xBx 

amorphous alloys vs. x. 
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Fig. 3. The average derivative 
ASr l&a of the Fe100-xBx 

amorphous alloys at 77 and 
300K under tension stresses 
of 10 and 40 MPa vs. x. 
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Fig.4. The j1 d \n% I dP for 
the Fe10o-xBx amorphous al- 
loys under the normal to rib- 
bon's surface uniaxal pressure 
of 20 MPa at 30, 70, 100 K. 
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DISCUSSION OF RESULTS 

Data of present paper (Fig. 1-4) show that all up today measured 

physical properties of the Fe83B17 eutectic amorphous alloy (including 

recent microhardness measurements [18]) demonstrate anomalies 

(singularities). Existence of these anomalies had been explained by a 

supposition about the most stability of nanoclusters of the eutectic 

composition which were supposed to have the highest average binding 

energy per atom [12, 14]. 

Such a supposition is firstly corroborated experimentally in the present 

paper due to measuring of the stress sensitivity of Br and x (Fi9- 3 a"d 4). 

We can see that the eutectic amorphous alloy has the least changing of 

magnetic properties under the stress application or lowering the 

temperature. This indicates evidently on the most stiffness of 

nanoclusters of the eutectic amorphous alloy in comparison with nearby 

noneutectic ones. 

The least density of sp-conducting electrons in the eutectic amorphous 

alloy (Fig. 2) correlates well with this conclusion since more electrons 

must occupy localized 3d - shells of Fe-ions for intensifying their covalent 

bonding with boron for increasing the stiffness of icosahedral 

nanoclusters of the eutectic alloy. Thus, electronic structure of the Fe83B17 

nanoclusters can be characterised quantitatively by the n0 = 0.67 sp- 

conducting electron density (though the atomic structure of these 

nanoclusters still waits for its solving). 

According to the polycluster model of amorphous solids [19] 

intercluster boundaries offer a lower resistance to plastic shear as 

compared to that in the bulk of the clusters. This resistance to plastic 

shear is mainly determined by the atomic structure of intercluster 

boundaries [13], namely, by the concentration cc of coinciding sites at 

these boundaries and by the distribution of local critical shear stresses ac 

at these sites due to internal stresses. The smaller the number of 

coinciding sites at the  boundary  between  clusters,  the  smaller the 
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resistance offered by trie boundary to plastic shear along it. Figure 5 

shows schematically a two-dimensional polycluster with an intercluster 

boundary containing coinciding and noncoinciding sites of two 

neighbouring locally regular clusters as well as the corresponding 

potential relief along the intercluster boundary [13]. Non-coincident sites 

are evidently carriers of plastic deformation (a kind of analogs of mobile 

dislocations in crystals) moving along intercluster boundaries under the 

action of shear stresses. 

The critical stress ap of plastic shear along an intercluster 

boundary in the absence of thermally activated rearrangements is 

defined as follows [13, 20]): 

Op =( <cfc>-S0/2)-cc , (2) 

where <ac> is the average local 

critical stress at coinciding sites on the 

intercluster boundary, 5C/ 2 is the half- 

width of the distribution of the values 

of a0, and cc is the concentration of 

coinciding   sites   at   the   intercluster 

Vvy boundary. <rp is close to the critical 

stress of for the catastrophic plastic 

shear <rp« at and it is assumed that it 

has the same concentration 

dependence as o?. Values of cc still 

cannot be measured experimentally by 

direct methods of high-resolution 

electron     microscopy     or    ion-field Fig.     5.     Scheme     of     two- 

dimensional polycluster with the microscopy. Therefore it is interesting 

intercluster boundary (signed by to estimate a ratio of concentrations of 

dashed lines) (a); corresponding coinciding sites at intercluster 

potential relief along the boundaries of amorphous alloys of the 

intercluster boundary (b) [13]. 
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eutectic and nearby compositions. Let us denote by ap
min , CT0cmln and 

cc
mm the quantities appearing in (2) for the eutectic composition and by 

crP
max, croc

max and ec
max the same quantities for the nearby compositions. 

It can be shown [13, 20] that 
_ min , _ max   . ,     min /      max., zo\ 
Cc      I Cc < (dp       / CTp      ) (3) 

gives an upper estimate of the relative decrease in the fraction of 

coinciding sites cc
mm I cc

max owing to the formation of eutectic ("strong") 

nanoclusters. Estimating of this value from Fig. 1 for Fe10o-xBx 

amorphous alloys of eutectic and nearby compositions gives 0.9. 

Consequently, interciuster boundaries in amorphous alloys of the eutectic 

composition contain approximately 10% lower number of coinciding sites 

than amorphous alloys of nearby compositions. This difference in atomic 

structure of interciuster boundaries gives a microscopic explanation of the 

critical stress singularity of the eutectic amorphous alloy. 

Thus, the Fe83Bi7 eutectic amorphous alloy not only posses anomalies 

of a number of physical and mechanical properties but also exhibits the 

most stability relative to the elastic stress application and temperature 

lowering (down to 10 K). This is considered as an indication of the most 

stability of atomic and electronic structures of its nanoclusters. Such 

properties correlate well with the smallest viscosity of eutectic melts [5], 

smallest surface tension etc. The least sp-conducting electron density 

(0.67) and the 10% smaller number of coinciding atomic sites at 

interciuster boundaries in this amorphous alloy (than in nearby alloys) can 

be considered as quantitative characteristics for selecting probable 

geometric atomic models of eutectic nanoclusters. 
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AHOMAJlbHOE nEPEOXJlA)KflEHHE 3BTEKTHMECKOH 

)KMAKOCTM B CnjlABAX HESBTEKTMHECKOrO COCTABA 

B CMCTEME PTYTb-TEJUiyP 

B.M.rna3oe, fl.M.naejiosa 

MHCTMTyT 3neKTp0HH0M TeXHMKM (TeXHMHeCKMM yHMBepCMTeT) 

r. MocKBa, POCCHH 

fluarpaMMa COCTOSIHUJI cucreMbi piyTb-Tennyp flo HacTOHLqero 

BpeMeHM M3yneHa B paae pa0OT (CM. 0630p [1]). PeayjibTaTbi STMX 

MCcneflOBaHMM B npeAenax OUIM6OK SKcnepwMeHTa AociaTOMHO xopoiuo 

comacyiOTCfl Me»<fly CO6OM. OflHaKO STM pe3y/ibTaTbi [1] Haxoflfrrcn B 

npoTMBopeMMH c flaHHbiMM paöoTbi [2], B KOTopofi npw TeMnepaiype 

664±2K o6Hapyx<eHO MOHOTeKTunecKoe Tpexcpa3H0e paBHOBecne M 

cooTBeTCTByiomafl eMy oßnacTb paccjiawBaHMfi >KMflKHx pacTBopoB B 

MHTepBane KOHLiem-pai^M OT 0.528 flo 0.555 aTOMHbix flo/iefi Tennypa. 

yHMTbiBan npoTHBopennBOCTb nMeiou4Hxc5i pe3ynbTaTOB o xapaicrepe 

cpa30Bbix paBHOBecnii B cwcreMe Hg-Te, Mbi pemMnn npoBecTM 

flononHHTenbHoe nccneflOBaHwe fluarpaMMbi COCTOHHMH OTOM cucreMbi c 

ncnonb30BaHMeM coBpeMeHHbix MeTOflOB cpM3MKO-xnMMMecKoro aHann3a. 

Ha Heo6xoflMMOCTb MccneflOBaHnw cpa30Bbix paBHOBecuti B STOM 

CMcreMe yKa3biBaiOT Taione pe3ynbTaTbi paöoTbi [3], B KOTOpow 

npoBefleHO comacoBaHwe TepMOflMHaMMHecKMx CBOMCTB >KHAKMX 

pacTBopoB Hg-Te c flaHHbiMM o cpa30Bbix paBHOBecwax w oÖHapyweHO 

HannHne ^encc- Bbipa>KeHHoro MMHMMyMa Ha KpwBbix KOHMeHTpaqnoHHOM 

3aBMCMMOCTM      M36blTOHHOfi      3HTaJlbnV1M      M      M36blTOHHOM      SHTponklM 

CMeiiieHMn Ha cocraBe 60 aT.% Tennypa, MTO HaBOAHT Ha Mbicnb o 

BO3MO>KHOCTM cymecTBOBaHMfl accoLjwaTa Hg2Te3. flna peiueHMfl 

nocraBneHHOM 3aAami 6binn npnroTOBneHbi crmaBbi B npeAenax 

nacTHOM cucreMbi HgTe-Te. flna npuroTOBneHMfi cnnaBOB wcnanb30Bann 

Tennypufl     piyrn,     3apaHee    cMHTe3npoBaHHbiii     H3     MaTepwanoB 
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nonynpOBOflHMKOBOM nucroTbi (c coflepwamieM npwMecevi He 6onbi±ie, 

MeM 10"5% no Macce) M TOT we Tennyp. 

M3roTOBneHHbie cnnaBbi 6wnn nccneflOBaHbi MeTOflaMM 

MMKpocTpyiaypHoro, peHTreHöcTpyiaypHoro M TepMnnecKoro aHanw3a. 

PaccMOTpeHkie nonyneHHbix cnnaBOB nofl MMKpocKonoM noi<a3ano B 

oßmeM Ty >Ke KapTMHy cpa30Bbix paBHOBecnw, KOTopaa cneflyeT H3 

aHanw3a cpa30BOM fluarpaMMbi, npwBefleHHOPi B [1]. 

B cnriaBe, coflep^au^eM 60 aT.% Tennypa, OTMeTHHBO BMAHW 

nepBMHHbie KpiiCTannu TennypwAa PT/TM M BbiAeneHMH aBTeimmecKOM 

CTpyKTypHOii cocTasnaiomeii. B cnnaBe, coAepwameM 88 aT.% Tennypa 

(npeflnono>KMTeribHO SBTeicrMHecKOM), sBTeKTimecKafl cTpyKTypHaa 

cocTaBnaioiJuafl 3aHMMaeT npaKTimecKM Bee none 3peHnn B MMKpocKone. 

OAHaKO no rpaHnqaM SBTeicrMHecKMx KOJIOHMM BMAHW TOHKne 

BbiAeneHMfi, no-BMAWMOMy, cyAfl no oKpacKe, TennypMAa pTyTM, KOTopbie 

npMcyTCTBywT BBMAY HeTOHHoro nonaAaHMfl SToro cnnaßa B cocTaB 

aBTeKTMKM. HaKOHeq, B cnnaBe, coAepwameM 93 aT.% Tennypa 

(3aaBTeicTMMecK0M), BMAHbi nepBMHHbie KpMCTannbi TBepAoro pacrBopa 

Ha ocHOBe Tennypa M Ta >Ke aBTeKTMnecKaa CTpyicrypHaa cocraBnaiomafl. 

PeHTreHOCpa30BbiM aHanw3 B oömeM noATBepx<AaeT onMcaHHyw KapTMHy 

cpa30Bbix paBHOBecMfi B wacTHoPi cMCTeMe HgTe - Te. Mbi 

npoaHanu3npoBann cocTaB nepBMHHbix KpucrannoB n SBTeKTMnecKnx 

BbiAeneHMfi B cnnaBax pa3niiHHoro cocTaBa MBTOAOM peHTreHOBCKOro 

3HeproAMcnepcnoHHoro   aHann3a1.   CocTaB -nepBMHHbix   KpMcrannoB 

TennypMAa pTyrM KoneöancH B npeAenax ±0.5 aT.% Te, HTO MO>KeT 6biTb 

CBfi3aH0 c nepeMeHHOM pacTBopwMOCTbio Tennypa B coeAMHeHMM, a 

TaiOKe c ouiMÖKaMM 3KcnepMMeHTa. CocraB SBTCKTMKM OT cnnaßa K 

cnnaBy npaKTMHecKM He M3MeHflnca. OAHara pe3ynbTaTbi TepMMnecKoro 

1 MccneflOBaHMfl cocTaBOB oTfleribHbix cTpyKTypHbix cocTaBnarai^wx npoBOfliviu 
Ha annapaType SEM-515 (pupMbi Philips c npucTaBKotf LINK-AN-100. 
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aHa/iii3a npMBenM K BbiBOflaM, o KOTopbix B nwTepaType Hunero He 

coo6Lqanocb. 

TepMMMecKMM aHann3 npoBOflM/ica c ncnonb30BaHneM 

aneicrpoHHOH annapaTypbi, no3Bonfliomeü MMeTb CTporo 3aflaHHbiM XOA 

M3MeHeHHfl TeMnepaTypbi BO BpeMeHM, w ycmwerm cumana, 

noAaBaeMoro OT flaTMUKa TeMnepaTypbi, HTO no3Bonnno cymecTBeHHo 

noBbiCMTb HyBCTBMTenbHocTb MeTOfla. Hcnojib30Bajincb xpoivienb- 

ariKDMeneBbie TepMonapbi. 3arwcb TepMorpaMM npon3BOflnnacb Ha 

flßyxnepbeBOM caMonmuymeM npn6ope B KoopAMHaTax TeMnepaTypa- 

BpeMfl M pa3HOCTb TeMnepaTyp o6pa3i4a M STanoHa - BpeMfl. B Ka^ecTBe 

3TanoHa  ncnojnb30Bajin  OKCMA  anwMMHua  (Al203)  BWCOKOM  CTeneHM 

MMCTOTbl. 

Ha KpMBbix oxna>KfleHMfl, CHHMaBWuxca npn CKopocTM 3-4 K/MMH, 

3acpnKcnpoBaHO flBa TermoBbix acpcpeiaa - nepBbiw OTBenaeT nepBUHHOtf 

KpMCTannM3aqnki TennypMAa pTyro nn6o TBepAoro pacTBopa Ha ocHOBe 

Tennypa. 3TM acpqbeirrbi npaKTunecKM cooTBeTCTBOBanw TeMnepaTypaM 

/lMKBMAyca, npMBOAHMbiM B nMTepaType. TennoBOfi we acpcpeicr, KOTopbiM 

AonweH cooTBeTCTBOBaTb SBTeicrnMecKOMy npeBpameHMK), Ha6nioAaeTCH 

Ha KpMBbix oxna>KqeHM« npn TeMnepaTypax nprnviepHO Ha 100 K HMwe, 

neM 06 3TOM coo6LL(anocb B nMTepaType. B TO we BpeMH Ha KpMBbix 

HarpeBaHMH HaßniOAaeTCsi acpcpeicr npn TeMnepaType ~407K, HTO 

npwMepHO cooTBeTCTByeT npMBOAWMOM B [1] (411K). 3TM AaHHbie 

n03B0Jiflt0T yTBep>KflaTb, MTO >KMAKOCTb 3BTeiaMHecKoro cocTaßa B 

yKa3aHHOM pewMMe oxnaxAeHwa noABepraeTca my6oKMM 

nepeoxna>KAeHMflM    He3aBkicnM0    OT    cocTaßa    cnnaBa.    C    STUM 

3aKn(0HeHMeM   CBfl3aH   BblBOA   O   TOM,   MTO   nepBMMHbie   KpMCTan^bl   He 

OKa3biBaKDT KaTajiwsvipyiounero B03AeficTBMn Ha npoqeccbi 3apo>KqeHMfl M 

pOCTa 3BTeKTM4eCKMX KOJIOHMM. 

Ha TepMorpaMMax, nonyMeHHbix B pewuMe oxna>KqeHMH co 

CKOpocTbK) 3-4 K/MHH., M B cnnaBe SBTeiawHecKoro cocTaßa (~88aT.% 
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Te) M B 3a3BTeKTvmecK0M cnnaBe (93 aT.% Te) SBTeiaMMecKaa wMAKocTb 

nepeoxna>KflaeTCfi npn6nn3MTejibH0 Ha Te we 100 K, MTO M B 

flosBTeKTMHecKMx cnjiaBax. HaßmoflaeMan «apTMHa coBepweHHO He 

xapaicrepHa A^H cacreM sBTeicrMMecKoro Tuna M cBMAeienbCTByeT 06 

OCO6OM COCTOHHMM reTeporeHHOM cMCTeMbi nepBUMHbie KpMCTannbi - 

aBTeiannecKafl >KMAKOCTb B noflCMCTeMe HgTe-Te. 

MHepTHOCTb nepBMHHblX KpMCTannOB B OTHOUJeHMM 

MHMMHHpOBaHMfl KpMCTajlJlM3aqMM 3BTeKTMHeCKMX KOJ10HHM 

npeACTaBJiaeTCfl Mano noHATHOM, yMMTbmaa, MTO sBTeicrnKa coAepx<MT 

KpMCTannbi Tex we cpa3, KOTopbie KpncTannM3yiOTCH nepBMMHO 

cooTBeTCTBeHHo B no - M 3a3BTeKTMHecKwx cnnaBax. npwHHHa TaKoro 

aHOManbHoro noBeA6HMfl SBTeKTMMecKOM WMAKOCTM B nacTHoü CMCreMe 

HgTe-Te CBmaHa, Ha Haw B3mflA, c ocoöeHHOCTHMM MexcnacTUHHoro 

B3aHMOAeMCTBMH B A8HH0M CMCTeMe. 

B 3T0M CBH3M H8MM 6blJl npOBeAeH TepMOAMHaMMHeCKMM aHann3 

B3anMOAeMCTBMfl B cucTeMe HgTe-Te Ha ocHOBe MOAenn 

accoquaTMBHbix paBHOBecwii. 

Ha ocHOBaHnn nonyneHHbix pe3yxibTaTOB nccneAOBaHnii 

cpasoBbix paBHOBecwM B paccMaTpMBaeMOki CMcreMe MO>KHO CMMTaTb 

TBepflO ycTaHOBneHHbiM Hannnne TOJibKO OAHOTO KOHrpysHTHO 

nnaBflinerocfl   coeAMHeHtin   HgTe.   OAHaKo   Hannnne   MMHMMyMa   Ha 

KpMBblX       KOHMeHTpaMMOHHOM       3aBMCMMOCTM       M36blTOMHblX       CBOMCTB 

(SHTanbnuM M SHTponnn CMeuueHun) no3BormeT CAenaTb npeAno/ioweHMe 

0 BO3MO)KHOCTM o6pa30BaHMfl accoL(MaTa Hg2Te3 B WMAKMX pacTBopax 

CMCTeMbi HgTe-Te. C yseTOM STCTO AonymeHMfl MO>KHO nonaraTb, MTO B 

WMAKMX pacTBopax CMCTeMbi HgTe-Te npMcyTCTBytoT ABa copTa 

accoMMaTOB: HgTe M Hg2Te3. 

BbiriM paccMOTpeHbi peaiajMM TepMMMecKOM AwccoL\Mai4MM STMX 

accoi^MaTOB M c-LjeHeHbi nx SHepreTMHecKMe napaMeTpu. OKa3anocb, MTO 

KOHLjem-paMMfl accoi^waTOB Hg2Te3 cpaBHioTenbHO HeBeriMKa, HO TeM He 
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MeHee OHM npucyTCTByioT nparrMMecKM BO BceM MHTepBane 

KOHi^eHTpaLiMM MacTHOM CMCTeMbi HgTe-Te. riosTOMy MOX<HO flonyCTMTb, 

MTO Ha ocHOBe accou^aTOB Hg2Te3 BO3MO>KHO o6pa30BaHHe KpynHbix 

nonnaHMOHOB comacHO pe3ynbTaiaM pa6oTbi [4], B KOTopofi 

o6cy>KflaeTCfi MX dpoeHne. Bepojrmo, npMcyTCTBue B pacnnaBe 3THX 

nonnaHMOHOB, cnocoÖHbix cpopMnpoBaTb uenoMeHHbie M oema-rbie 

crpyicrypbi, M .qenaeT 3BTeKTMHecKyK) >KMAKOCTb MHepTHOM K npucyTCTBMio 

nepBMHHbix KpucTannoB KaK TennypMfla piyTM, TaK n TBepAoro pacTBopa 

Ha ocHOBe Tennypa, B pe3ynbTaTe nero BCH cucieMa nepBMHHbie 

KpMCTannb! - 3BTeicniMecKafl >KMAK0CTb npnoßpeTaeT ycTOWHMBocTb 

CTpyKTypwpoBaHHOM CMCTeMbi TMna KonnoMflHoro pacTBopa [5], 

cnoco6HOM rnyöoKO nepeoxna^aTbca. 
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O CTPYKTyPE 3AKAJ1EHHWX n/IEHOK CnJIABA AI-10,6Si 

A. HD. ÜJnopmbKO 

Hai4M0HanbHafl MeTannyprnMecKaa AKaAeMna YKpaMHbi 

r. flHenponeTpoBCK, YKpawHa 

TpaHCMMCCMOHHoe aneKrpoHHO-MHKpocKonnHecKoe wccneflOBa- 

Hi/ie TOHKMX nnenoK, nonyneHHbix BbicoKOCKopocTHOw KpncTanxiM3amieti 

pacnnaBa, HeceT onpefleneHHyto MHCpopMaqMto o MMKpoHeoflHopoflHOCTM 

JKMflKOkt cpa3bi. 

ToHKne nneHKM >KHAKoro cnnaBa, yflepxwBaeMbie cunaMM 

noBepxHOCTHoro HaiaweHMfl Ha paMKe, 3aTBep,qeBaj™ Ha B03flyxe 

(Vom = 102...103 °C/c) M npn 3aKaiinBaHMM B xonoflHyto BOfly 

(VOxn=1050C/c) [1]. nonyneHHbie nneHKn npuroflHbi ann nccneAOBaHM^ B 

arieiapoHHOM MMKpocKOne 6e3 flonojiHHTeribHoro yroHeHMfl 06-beiaa - 

3T0    BeCbMa    Ba>KHO   flXIfl    M3yMeHMJ1    nOJIHOM,    HeMCKa>KeHHOM    KapTMHbl 

KpncTajinn3ai4MM, T.K. Bee Mopcponon-mecKwe 3/ieMeHTbi cpa3 coxpaHeHbi. 

PacnjriaB TepMOCTaTupoBanii npn TeMnepaiypax 740, 760, 780 °C. 

06pa3i4bi flwaMeTpoM 3 MM Bbipe3anncb H3 yMacTKOB nneHOK 

TOHLUMHOM He 6onee 0,1...0,2 MM, rfle o6pa30BbiBanwcb KnuHOBUflHbie 

ysacTKM, np03panHbie flna aneicrpOHOB npw ycKopaiomeM Hanpa>KeHMM 

100...125 KB. Hcnonb30Bann aneicrpoHHoe MMKpon3o6pa>KeHne B 

CBemoM M TeMHOM normx B CBeTe M36paHHoro pecpneKca cpa3. nepefl 

pacuiMCppOBKofi aneicrpoHorpaMM onpeflennnn nocTOAHHyio MMKpocKOna 

no CTaHAapTHOM MeTOflMKe [2]. - 

Tlpn CKOpocTM oxna>KfleHHH 103 ,°C/c aBTeKTusecKwe cpa3bi 

anK)MMHMM M KpeMHMM KpncTanJiM3yiOTca B BMfle nonn3flpMMecKwx 3epeH. 

MeTOflOM     MUKpOflMCppaKl^MM     yCTaHOBJieHO,     HTO     J1MHMM     CpaCTaHMfl 

HecKonbKnx nonnaflpOB amoMkiHMfl (c ocbio 30Hbi [114] w C ocbio 

30Hbi[116]) cpMKCupyioTcn cy6rpaHimefi. KpeMHMM KpMCTajmn3yeTCfl B 

cooTBeTCTBMM co CBoePi KpMCTannoxMMMHecKOü npupoAofi: o6pa3yioTCfl 
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BblCOKOymOBbie ABOMHHKOBbie    OpueHTkipOBKH     C    OCbKD    30Hbl     [211] 

Maipnqbi (puc. 1). 3a4>MKcnpoBaHbi npoflyicrbi    pacnaAa xuMMnecKoro 

coeAMHeHun   Mnn   nepecbimeHHoro   TBepAoro   pacTBopa.    MeTOAOM 

MMKpOAUCppaKLiMM MAeHTMCpHLIMpyiOTCfl    ajllOMMHMM C OCbK) 30Hbl [001]   M 

KpeMHMM. 

PMC.1 . Ü3M: a - x3900; 6 - aneicrpoHorpaMMa; B - TeMHononbHoe 
M3o6pa>KeHMe 

ripw noBbiLueHMM CKopocTM oxna>KqeHMfl no 105 °C/c BbmBneHa 

AeHApnTHaa CTpyicrypa a- TBepAoro pacTBopa c cMCTeMaMn AHonoKamw 

M MenKne Kpucrannbi BTOpMHHoro KpeMHwa, BbiAermK>mnecH Ha CTbiKax 
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fleHflpnTHbix    BeTBew B    TOHKOM    nneHKe,    m    KOTOPOM    nyTeM 

M36npaTenbHoro TpaBnemiH 6bin yflaneH 3BTeKTMHecKHM antOMMHuw, 

TOHKOnepeMe>KaK)LMnecji BeTBM KpeMHHfl c ocbK) 30Hbi [110] M aniOMMHUfl 

o6pa3ywT CTpyicrypy c BbicoKOü CTeneHbK) KOonepaTMBHOcru 3TO 

CBMfleTenbCTByeT o ManoPi crenem*! MWKporeieporeHHOCTn flaHHoro 

pacnnaBa (pwc. 2). 

a 6 

PMC.2. ri3M: a - x1600; 6 - aneicrpc-HorpaMMa 

npn M3MeHeHHM TeMnepaTypw neperpeßa HaA nwHueu jiMKBMflyc 

(TepMOCTaTupoBaHMe B flaHHOM TeMnepaiypHOM MHTepBane) 

KaMecTBeHHbie    xapaKTepMCTMKH    CTpyKTypHbix    cocraBnaiomMx    He 

M3MeHflK)TCfl. 

C noBbiiiieHneM CKopocTM oxna>KfleHMfl (103 °C/c ... 10 C/c), 

npn yBenMHeHMH nepeoxna^em-tfl pacnnaBa, nonnSApunecKne 3epHa 

cMeHHiOTCfl AeHflpmaMM. 

B nccjieAyeMOM TeMnepaTypHOM MHTepBane pacnnaB 

xapaKTepM3yeTCfl Manoft creneHbio MMKporeTeporeHHOCTM, MTO no3Bonm 

nojiyMHTb     B     TBepAOM     COCTOHHWM     TOHKOAMCpcpepeHqupoBaHHyto 

SBTeKTMKy. 
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FORMATION OF ORDERED GAS-SOLID 

STRUCTURES VIA GAS EUTECTIC REACTION 

V.I.Shapovalov 

State Metallurgical Academy of Ukraine, 

Sandia National Laboratories, Department of Energy, USA 

Introduction 

Phase diagrams were constructed [1-4] for the systems Al-H, Be- 

H, Cr-H, Cu-H, Fe-H, Mg-H, Mn-H, Mo-H, Ni-H, Ti-H, W-H, Fe-C-H 

displaying gas eutectic equilibria in the melting range. 

Simultaneous formation of solid and (hydrogen) gas from the 

liquid takes place in M-H alloys having gas-eutectic compositions. This 

reaction was named gas eutectic reaction. 

An ordered combination of phases termed gasarite may arise from a gas 

eutectic reaction. It is comprised of a polycrystalline solid matrix and 

continuous oriented ellipsoidal pores filled with hydrogen. 

The gasarite forms at solidification velocities ranging from 0.05 to 

5 mm/s. Its morphological characteristics are largely determined by the 

hydrogen content and the gas pressure over the solidifying melt. 

Short-range order of pores with a coordination number of about 6 

is observed in a plane normal to the direction of solidification. 

The pore size distribution is dependent on gasarite formation 

conditions and is nonuniform, because concurrent growth of large and 

small pores is possible. 

As the solidification front advances, the average pore diameter is 

increased and neighboring pores may coalesce now and again. No 

branching of pores ever occurs. 

A pore may have periodic necks over its length. 
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Pore growth arrest and nucleation of new pores may occur all 

through the solidification. 

No gasarite pores are nucleated on the mold surface. A nonporous metal 

skin 0.05-5 mm thick forms first. 

The principal morphological parameters of gasarite are the 

average pore diameter d, the average pore length L, the average pore 

aspect ratio g, the void fraction P, and the pore areal density n defined as 

pore number per 1 cm2 of a section normal to pore direction. 

These characteristics were found to  have following variation 
ranges: 

d L 9 P n 

10 (irnto 10 mm 100 Um to 30 cm 1 to 300 0.05 to 0.75 1 to 10s cm"* 

Gasar is the name coined for a material whose structure includes gasarite 

[1]. The word is an acronym of Russian expression meaning "gas- 

re info reed." 

Diverse pore morphologies and/or alternating porous and 

nonporous layers can be produced by tailoring the process variables, 

such as hydrogen pressure, inert gas pressure, solidification velocity and 

pouring temperature [1,2,5], Thus the pore diameter may be varied over 

the aforementioned range from 10 pm to 10 mm and the void fraction 

from 5 to 75%. 

In what follows, an attempt is made to explain mechanisms of 

phase nucleation and growth in gas eutectic reaction on the basis of 

experimental data. 

2. Pore nucleation 

It is believed that nucleation of a gaseous phase in a liquid is 

heterogeneous, i.e. occurs on existing discontinuities in the liquid bulk or 

at the liquid/solid interface [6]. The discontinuities may vary in nature, like 
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.   gas  bubbles  entrained  from  the  atmosphere  during   melt 

pouring or stirring, 

• bubbles formed in passing a gas through the melt, 

• small bubbles caused by cavitation, 

• small pits on the surface of high-melting particles suspended 

in the melt, 

• small pits on the mold walls, 

*    regions where the liquid does not contact the solidification front. 

Following explanation of pore nucleation in gasarite is possible. A 

nonporous skin forms directly after pouring the melt into the mold. As the 

skin grows, the liquid ahead of the solidification front becomes 

increasingly supersaturated with hydrogen. Microscopic pits are always 

present on the surface of a growing solid due to the very nature of 

solidification. A pit may have such a curvature that the liquid will loose 

contact with the solidification front. A cavern filled with hydrogen and 

metal vapor will form here. Should the cavern size be greater than or 

equal to certain critical radius R0, a hydrogen bubble capable of growth 

will nucleate. 

The radius R0 can be estimated assuming that the surface energy 

of a bubble is equal to its bulk energy, 

pV = oS (1) 

P - Poap + Phydr + Pch 

where p is the pressure within the bubble, pcap the capillary pressure, 

phydr the hydrostatic pressure, pch the gas pressure in the chamber, Vthe 

bubble volume, a the average of the specific surface energies of the 
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gas:liquid and the gas:solid interface, S the total area of bubble contact 

with the melt and the solid. 

Assuming a spherical bubble, one gets from (1) 

(4/3)7TRo3p = 47tR0
2Cf (2) 

On rearrangement, 

pRo = 3a        (3) 

Hence the pressure dependency of the critical radius is 

Ro = 3a/p        (4) 

Taking into account that the bubble is not spherical and the specific 

surface energies are different, we obtain 

Ro = (CTGLKL + GGSKS)/KVP (5) 

where <JGL is the surface energy at the gas:liqiud interface, cGs is the 

surface energy at the gas:solid interface, KL and Ks the coefficients 

accounting for the relative areas of the gas:liquid and the gas:solid 

interface, Kv the proportionality factor used in the equation for the volume 

of a nonspherical bubble, V= KVRQ
3. 

It is seen from Eqs (4) and (5) that increasing the pressure will 

appreciably reduce R0. Thus ever smaller discontinuities at the 

solidification front will be able to act as gaseous phase nuclei. To put it 

differently, increasing p will increase the number of hydrogen gas nuclei. 

This behavior is indeed observed in reality. The gas pressure above the 

solidifying melt is the major parameter that determines the number of 

pores per unit area in a plane normal to the growth of a gasaritic 

structure. 

One also can assume that the bubbles originate on high-melting particles 

floating, in the melt ahead of the solidification front. The bubbles are next 

engulfed by the advancing front and the gas eutectic reaction sets in [6]. 

Let us consider this case. A buoyancy force FA= (4/3)7tR3d (R being the 

bubble radius, d the specific weight of the liquid) will act on any bubble, 
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inducing it to rise in the melt. According to the Stoke's law, the velocity of 

the bubble's upward motion 

v=2R2d/9r\ (6) 

where r\ is the coefficient of viscosity of the liquid. 

Following relationship was obtained for the Cu-H system at 1100 °C (v is 

in centimeters per second): 

K=600R2 (7) 

In experiments on Cu-H alloys, the gasarite forms in the solidification 

velocity range of 0.05 to 5 mm/s. At its maximum velocity of 5 mm/s, the 

solidification front thus can only engulf bubbles up to 100 \xm in size. 

These estimates support the idea of Russell et al. that hydrogen bubbles 

nucleation may take place ahead of the solidification front [6]. 

Furthermore, the above comments about the influence of pressure on 

nucleation at the solidification front also hold for the nucleation on 

suspended particles. 

Two mechanisms of gas nucleation in gas eutectic reactions have 

thus been suggested. The question of how large their relative 

contributions are is highly important for scientific and practical purposes. 

To answer it, carefully planned experimentation on reasonably pure melts 

is needed. 

3. Gasarite growth 

In the gasar process, solid metal precipitates from the liquid 

simultaneously with gas. No decrease in pressure is necessary for this to 

happen. Moreover, increasing pressure is commonly needed to produce 

an ordered structure. 

The recent suggestion [7] that the pore growth proceeds through 

a mechanism described earlier [8,9] cannot be accepted either. The idea 
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was that the advancing solidification front "stretches" gas bubbles already 

present in the liquid. 

One should not overlook, however, that a diameter down to 10 JU 

m is sufficient for a bubble to rise fast enough not to be engulfed by the 

solidification front. Note that gasars may have pores 10 mm and more in 

diameter. A bubble as large as that will rise very rapidly, at about 100 

mm/s. 

One should also keep in mind that a crystalline solid grows 

concurrently with the gas in any gas eutectic reaction. Yet the 

experimentation by Kliia and Sokolova [8] involved combinations of non- 

interacting items like oil drops in solidifying boric acid, which preclude 

diffusion phenomena. 

Steady-state growth in which all process variables are constant 

should result in a structure comprised of a nonporous matrix containing 

regular cylindrical channelways. In this situation the growth of the solid 

and the gas is sustained through transverse diffusion of hydrogen ahead 

of the solidification front. This process is possible due to hydrogen 

concentration gradients developing in accordance with the M-H phase 

diagram, Fig. 1. 

fcv.      U 

a V*^ X     t-*H, 

1 /     4 -.*AT 
E 

/   '***' 

<=M          fc 

Figure 1. Hydrogen concentration distribution in a liquid ahead of the gas 

eutectic reaction front (left) and a portion of metal-hydrogen phase 

diagram near eutectic point (right). 
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Hydrogen diffuses in the liquid along the solidification front, 

providing both solidification of the metal and growth of the gas 

channelways. 

Hydrogen diffusivity in metals is high enough to allow rather long 

spacings between gas channelway axes (up to 10 mm), so diffusional 

self-adjustment of structure hardly plays any significant part in gasars. 

For this reason, it is not supercooling, but rather nucieation conditions 

and pressure in solidification that determine structural characteristics of a 

gasar as contrasted to a solid-solid eutectic. 

Even under constant external conditions, however, the gasar 

structure departs from ideal, as has been found from numerous 

experiments. Growth arrest, coarsening, nonuniform size and irregular 

shape of pores were observed. For practical purposes, it is highly 

important to understand these phenomena. 

3.1. Pore growth arrest 

Multiple nucieation of the gaseous phase at the solidification front 

is believed to be among the causes of channelway growth arrest. 

Hydrogen concentration in the liquid ahead of the growing gas- 

eutectic colony is nonuniform, see Fig. 1. The supersaturation with 

hydrogen is at its highest at points lying farthest from the gas 

channelways (^ in Fig. 1). When an active gas-liberation site originates 

here, it will attract a rapid influx of hydrogen that may be followed by 

emergence of a new pore. Should that happen, the growth of neighboring 

pores will slow down or stop. 

Another cause of pore growth arrest is conceivably a unique 

mode of heat removal from the solidification front. In formation of a gas- 

solid structure, thermal radiation into gas channelways can contribute to 
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transfer of heat from the front alongside with the common heat transfer 

processes observed for nonporous alloys, see Fig 2. 

The melt above a bubble becomes thereby supercooled, and a 

solid dome forms above the bubble, locally terminating the growth of 

gaseous phase. This happens only when the gas channelway is long 

enough. The amount of radiant energy absorbed by a channelway can be 

written as 

Q = ZA(To/T,)A    (/=1,2 n) 

where n is the number of beam reflection events in a pore, A the 

proportionality factor depending on the channelway wall surface texture, 

To the temperature of emitting melt, T, the temperature of walls at the fth 

reflection point. 

L    

Temperature "W* 

Figure 2. Schematic description of melt thermal radiation into a pore. 

The number of reflection events n is inversely proportional to the 

diameter and directly proportional to the length of the channelway. The 

minimum  surface temperature  of channelway walls  (at  its  bottom) 
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declines as the channelway grows. Therefore, the growth arrest is to be 

anticipated for channelways with a certain aspect ratio. This conclusion is 

generally corroborated by experiment, although in some cases 

abnormally long or short pores develop. 

Yet another cause of growth arrest is constituted by gas pressure 

decline in a pore. As a pore grows, the average temperature 7 of the gas 

contained in it decreases, so the hydrogen pressure will be diminished in 

accordance with the Boyle's law 

p = (N/V)kT^ 

N being the amount of gaseous substance in the pore, l/the pore volume, 

k the Boltzmann constant. 

For this reason, the gas growth will slow down and the liquid at 

the liquid:gas interface will freeze. This is confirmed by the fact that at the 

onset of gasar formation, when the temperature gradient is high, the 

pores are shorter than at later stages. Notably, .this fact also favors the 

two preceding hypotheses. 

All three mechanisms are believed to contribute to gas growth 

arrest in varying degrees. 

3.2. Coarsening 

Two ways in which coarsening may develop during gas eutectic 

growth are deemed possible. 

(1) As mentioned above, a pore may be terminated for some 

reason. A new pore may or may not nucleate next. If not, the neighboring 

pores will consume the hydrogen that otherwise would have been used 

for continued growth of the extinct pore. In consequence of this, the 

diameters of the neighboring pores will increase while the total number of 

pores will be decreased, Fig. 3a. This phenomenon may be termed 

wedging. It is observed mainly in low-porosity gasars (up to 30%). 

98 ©Eutectica-V 



SBTeKTMKa      V 

(2) At higher void fractions exceeding 40 %, pore coalescence 

becomes prominent. If a hexagonal arrangement of pores is assumed, 

the void fraction P will be determined by the pore diameter D and the 

ligament thickness x, 

P = ^Z-ntfmiD + x) 

Figure 3. Pore coarsening de wedging (a) and coalescence (b). 

Clearly, the ore spacing is relatively small at void fractions 

exceeding 40 %. Hence, the appreciable statistical possibility of contact 

between growing pores, Fig. 3b. Following a contact, the tips of the two 

pores will coalesce to form a wider tip advancing to continue the growth 

of one larger pore that replaces the two smaller ones. Repeated 

coalescence is possible that leads to progressive coarsening of the 

structure. This mechanism is especially important for M-H systems where 

hydrogen solubility differs greatly for the liquid and the solid metal (M = 

Fe or Ni). 
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3.3. Changes in diameter of a growing pore 

These phenomena manifest themselves in pores having 

increasing or decreasing diameter or a wavy wall profile. Some flaring 

pores may result from wedging (Fig. 3a), while massive flaring is 

associated with monotonously decreasing pressure in solidification. 

Flaring pores are not infrequently observed at an initial stage of gasar 

growth, directly after nucleation of first pores. 

Some tapered pores may result from wedging, Fig. 3a. They 

appear in great numbers when the solidification pressure is increased. 

Corrugated pores result from periodical variation of gas pressure 

above the solidifying gasar. The wider portions of a pore correspond to 

lower, and the narrower portions to higher pressures. 

Internal pressure fluctuations within a pore also may cause 

repeated widening and narrowing. They take place when the volume rate 

of gas formation is greater than that of the solid. The tip of a growing pore 

in this situation will bulge to a diameter exceeding that of the channelway. 

A bubble is eventually detached from the channelway and rises to the 

surface, Fig. 4a. This cycle may be repeated many times. The pressure in 

the pore is increased as the bubble expands but drops once the bubble is 

released. The increasing internal pressure has the same effect as 

decreasing the pressure above the melt. Consequently, the pore diameter 

will increase during the bubble expansion and decrease following the 

bubble release. 
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-T  \ 

ffl 

Figure 4. Mechanism of widening and narrowing of a growing pore (a) 

Pore orientation changes caused by a nonplanarity of the solidification 

front (b). 

3.4. Pore orientation 

The growth velocity vector is always normal to the solidification front at 

the pore inititation site. Therefore, any misalignment of pores is 

associated with local nonplanar areas of the solidification front, Fig. 4b. 

4. Major conclusions 

1. The gaseous phase nucleation in formation of ordered gas- 

solid structures may occur at the solidification front or on high-melting 

particles suspended in the liquid ahead of the front. The first mechanism 

would seem more viable. 

2. The critical radius of bubble nuclei is shown to hyperbolically 

decrease with pressure. The bubble nucleation rate is increased 

accordingly. 
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3. Gasar pore formation follows a mechanism distinct from that of 

evolution of gas in carbonated beverages or bubbling in a boiling liquid. 

Furthermore, the ellipsoidal pore growth cannot be ascribed to stretching 

of gas bubbles by the advancing solidification front. 

4. The gasar pore growth proceeds by hydrogen transverse 

diffusion ahead of the solidification front and concurrent advancement of 

the solid and the gaseous phase into the melt. When the growth rates of 

the two phases are equal, an "ideal" structure including cylindrical 

channelways in a nonporous matrix should form. 

5. Unlike in solid-solid eutectics, the gasarite pore spacing is 

determined not only by diffusional self-adjustment. Rather, it is a function 

of the nucleation conditions and the solidification pressure. 

6. A pore may be terminated by any of the following causes: 

• nucleation of a new pore in a space between the growing 

pores, 

• supplementary removal of heat from the bubble tip via thermal 

radiation into the channelway, and 

• pressure  reduction  in  the  pore  due  to the  gas  average 

temperature declining as the pore extends. 

7. Pore coarsening in growth of a gas eutectic may be caused by 

wedging or pore coalescence. Wedging is mainly observed at low, and 

coalescence at high void fractions. 

8. Some conical pores result from wedging while their massive 

formation is due to pressure changes in solidification. 

9. Corrugated pores may form due to periodical changes of 

pressure above the melt. Similar effects are caused by repeated 

detachment of bubbles from the solidification front. 
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10. Pore orientation in gasarite is determined by the shape of the 

solidification front, because the growth vector direction of a pore is 

always normal to the front at its location. 
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rA303BTEKTMMECKOE nPEBPAUUEHME B CnJIABAX 

HA OCHOBE CHCTEMbl >KEJ1E30 - A30T 

A.B. PaöuHoeuH, r.H. Tpeay6ew<o, MM. Tapacbee 

HaMMOHanbHaa MeTannypranecKafi AKaAeMMfl YKpanHbi 

r. flHenponeTpoBCK, YKpaMHa 

OflHMM M3 Han6ojiee nepcneKTOBHbix HanpaBneHHü B 3Hepro- H 

pecypcoc6epe>KeHMM npw npon3BOACTBe CHMTKOB cnoKOMHbix cjanew 

HBJineTcn yMeHbiueHMe TOJIOBHOM o6pe3M. Cm-wem-ie ronoBHOw o6pe3M 

He MeHee, neM Ha 10 % MO>KeT 6biTb flOCTwrHyTO 3a cseT BBOAa B 

pacnnaB a30Ta, KOTopbM npw KpMCTannn3aL(MM BbiflenneTCfl B BMAö 

ny3bipeii M o6ecneMMBaeT B CTOKOMHOM no xMMiinecKOMy cocTaßy dann 

CTpyKTypy, xapaiaepHyio RIW nonycnoKOÜHoro MeTanna. I~lpn STOM 

ra303BTeKTMMecKoe npeBpameHwe 6yAeT nponcxoAWTb npn 

3aTBepAeBaHMM pacnnaBa, iiNieiomero coAepwaHtie a30Ta Bbiwe ero 

npeAeribHoii pacTBopMMOCTM B TBepAOM MeTanne, M Bbi3BaHO 

CHM>KeHMeM a6cop6i4MOHHOü cnocoßHOc™ cnnaBa npM nepexoAe M3 

>KMAKoro cocTOflHun B TBepAoe. 

fljifl TepMOAMHaMMMecKoro aHann3a ra303BTeKniHecKoro 

npeBpameHMH B cnnaBax Ha ocHOBe cucTeMbi Fe - N npn AaBneHunx 

a30Ta, He Bbi3biBaK>mnx OTKnoHeHMM OT 3aKOHa CMBepTca, MO>KHO 

ncnonb30BaTb cneAyiomee ypaBHeHne [1]: 

lnl-[N]TB_AH '    I 1   ^ 
(1) 

1-[N]«       R (Jr-3     T^j 

rAe [N]TB M [N]* - coAep>KaHMe a30Ta B TBepAOM u >KMAKOM MeTanne, % ; 

AH - CKpbuan TennoTa nnaBneHun MeTanna, flx</Monb; R <- yHMBepcanb- 

Haa ra30Ban nocTOHHHaa, 8,31 A>«/(Monb-K); Tr.3 - TeivinepaTypa 

ra303BTeKTMHecKoro paBHOBecwa, K; TKp- TeivinepaTypa KpncTannn3ai4nn 

MeTanna, K. 
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ßnfl     pacweTa     no    ypaBHeHMio    (1)     Heo6xoflMMO    3Hatb 

TeMnepaTypH0-6apnMecKne    3aBMCMM0CTH    pacTBopuMOCTM    aaoTa    B 

TBepflblX   M   )KMflKMX       MHOrOKOMnOHeHTHblX   CMCTeMax,    OnMCblBaK)U4MX 

BbicoKoa30TMCTbie CTann.  PacTBopuMOCTb  a30Ta  B >KMAKOM  MeTarme 

MO>KHO paccHMTbiBaTb no ypaBHeHMio [2]: 

ig[N],4.gPN2-^-3,66-r^-0.llM[R]-f^-l,48)lZrS[R]2  . (2) 
2        2      T       '       ^   T 

R        R 
ffle   PN2 -  flaBneHne   a30Ta,   11a;   e^ w. r^  -   naparvieTpbi   B3aMMo- 

fleMCTgMn a30T - nenipyiOLHYW aneMeHT nepBoro M BToporo nopaflKOB 

npw TeMnepaType 2073K; [R] - coAepwaHMe nernpyiou^ero snervieHTa B 

cnnaBe, %. 

flaHHbie no pacTBOpuMOCTn a30Ta B TBep/jbix 

MHoroKOMnoHeHTHbix CMCTeMax Ha ocHOBe >Kene3a npn BbicoKMx 

TeMnepaTypax BecbMa orpaHMneHbi. l~l09T0My flrm onpefleneHMH 

nono>KeHMfl HHHUM conn,qyc Ha flwarpaMMe cocTO^HUfi Fe-N-R, HaMH 

npoBe,qeHbi SKcnepuMeHTbi no M3yHeHMio TepMOflMHaMUHecKnx 

3aKOHOMepHocTe(i B3anMOfleMCTBna a30Ta c liinpoKMM Kpyrowi 

oco6oHM3KoymepoflMCTbix aycreHWTHbix M cpeppnTHbix craned npn 

1473-1623K n napqwanbHOM flaBneHMM a30Ta 10 - 101 xria. 

Pe3ynbTaTbi STMX nccneflOBaHWM no3Bonmin nonyHMTb cneflytoinwe 

ypaBHeHMn: 

55,8 "I f32,4 "\ (   103 5 "\ 
— + 0,00238j[M«] - \-y- - 0,0056J[M] - (^ ~ +0,044J[M>] - 

f 10,72 ^       ,'   f 0,493 V       „    f61 "\ 
{-y -0,0054}{Crf -^-y--0,000208jtA/n]2 -[y-0,000325j[C>][M«]- 

0,837                  ~\                 (   24,2 ^ 
•-y- + 0,000104j[Cr][M]-^ =- + 0,001166j[M«][M] 
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lBl"U. 4'g^ -^-3,54-(-^ + 0,05416)[C>]-(-^+03047)[K]- 

- ^ + 0,0337)[Mo] -{~- 0,022JK>]2 
(4) 

BBOfl B cocTaB HM3KonerapoBaHHbix BbicoKoa30TMCTbix CTanefi 

CMnbHbix HMTpnflOo6pa3y(oiMnx aneMem-OB (Ti, Al, V, Nb) no3BOJiaeT 

3HaMMTenbHO y/iyMLUMTb CBOücTBa roTOBoro npoKaTa. KaK noKa3biBaeT 

TepMOflMHaMMHecKMM aHarw3, npw oöbiHHbix coflepwaHWflx 3TMX 

ajieivieHTOB    B    MeTanne    npn    TeMnepaType    ra303BTeKTMKM    Moryr 

CyU4eCTBOBaTb  TOJlbKO   HMTpMAbl  TMTaHa.   npMHMMafl   BO   BHMMaHUe,   HTO 

npn onTMManbHbix coflepwaHwax TwaHa B BbicoKoa30TMCTbix cTanax 

(< 0,05 Mac.%), OH npaKTMsecKM no/iHocTbio Haxoflmcn B HMTpMfle w 

yMMTbiBaa CTexuoMerpHHecKoe cooTHOiueHne 3JieMeHT0B B TiN , MO>KHO 

3anncaTb: 

[NfcCT=[N]^T_3+0,29[Ti],       (5) 

rfle   [N]r!.3CT H  [N]pL3 - ra303BTeKTkmecKaa KOHMeHTpaqnn a30Ta B 

TMTaHCOflep>KaiHMX M 06bNHblX CTanJIX COOTBeTCTBeHHO, %. 

TaKMM o6pa30M, Ha ocHOBaHuii BbipaweHiw (1)...(5) MO>KHO 

paccHMTbiBaTb napaMeTpbi, xapaKTepM3yiouj(Me ra303BTeKTimecKoe 

npeBpameHMe B cnnaBax Ha ocHOBe CMCTeMbi >xerie30 - a30T. 
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MODELING OF THE STRUCTURE CHANGES IN EUTECTIC GRAIN 

OF DUCTILE IRON 

E. Fra&, W. Kapturkiewicz, A.A. Burbelkoa>, H.F. Lopez"1 

a)University of Mining and Metallurgy, Reymonta 23, 30-059 

Krakow, Poland 
b)University of Wisconsin-Milwaukee, PO Box 784 Milwaukee, Wl 53201, 

USA 

A model of the process and a simulation program were 

developed to trace the cooling of a nodular graphite iron casting from the 

beginning of solidification till the ambient temperature. The model 

considers the nucleation and growth of eutectic grains, the heat transfer 

and mass diffusion equations. The kinetics of graphite and ferrite growth 

controlled by carbon diffusion under the conditions prevailing at the 

respective interfaces was taken into consideration. The possibility of 

pearlite precipitation was assumed using a relationship of Avrami type, 

based on the general empirical data. The developed simulation program 

enables determination of the kinetics of growth of graphite, austenite, 

ferrite and possibly also pearlite on the casting cross-section as well as 

grain density related to boundary conditions of the casting cooling. The 

computed values of the temperature of a plate casting poured in sand 

mold, of the volume fraction of graphite, ferrite and pearlite, and of the 

grain density on the casting cross-section were compared with the 

experimental results. A simulation program was developed and the 

results of computer simulation were compared with the experimental 

results obtained for a plate casting made from nodular graphite cast iron. 

In Fig. 1 the kinetics of growth of the individual phases is shown. A very 

distinct difference in final phase volume fraction on the casting cross- 

section, especially as regards pearlite and ferrite, is visible. The informa- 
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tion of the kinetics of graphite growth is given in Fig. 2. Three typical pe- 

riods are distinguished: A - B - solidification, B - C - graphite growth from 

austenite, C - D - eutectoid transformation. 

Fig. 3 shows the distribution of volume fractions of the individual phases 

combined with increasing grain density on casting cross-section. A ten- 

dency towards the increasing ferrite volume with respective decrease in 

pearlite volume at the casting surface is observed, while the volume of 

graphite remains practically stable. A change in the dimension of graphite 

nodules is visible in Fig. 4. A decrease in graphite radius at the casting 

surface combined with increasing grain density is observed. The points in 

Figures 3 and 4 mark the values that obtained in an experiment referred 

to volume fractions of each phase and grain density. 

.10   D 

0.10-  "^j«^^£SS U  *     "",' f  ' " 
.1 
1 o.oa 

1 

4> 

ffff/ß       :      Growt 
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1 0.06 1 l from austenite 

10.04 • 
Ö Mil    Sdidification 

0.02  -j  

0.00 .fr ■■!■..., ,.•...   i  ...  .-. 1 . . ' ■ I  ■   .  .  ■ 
600 800 

Time, s 

Figure 1: Kinetics of growth of the 

volume fractions of graphite, ferrite 

and pearlite in the plate casting 

(line 1: middle, 10: surface of casting) 

Figure 2: Kinetics of graphite volume 

fraction growth 
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Figure 3: Distribution of volume 

fractions of ferrite, pearlite and 

graphite on casting cross-section 

Figure 4: Distribution of graphite and 

ferrite radii and eutectic grain 

densities on casting cross-section 

A computed change of concentration of carbon in ferrite and 

austenite in a grain in the middle of casting is visible in Fig. 5. The 

significant and changeable gradient of concentration is observed in the 

austenite shell during its decreasing in time. 

The structure of an experimental casting is shown in Fig. 6a,b. 

On the casting border (a) the grains are observed to be finer and the vol- 

ume fraction of ferrite is greater compared with areas in the casting inte- 

rior (b). 
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Figure 5: Carbon concentration in a grain in middle of casting 

(simulation) 

(a) (b) 

Figure 6: Microstructure of casting etched with Nital: in the middle (a) 

and at the surface of the 11 mm thick plate casting (b) 

ACKNOWLEDGMENT: This work was carried out under University of 

Mining and Metallurgy project No. 11.11.170.71 

©E. Fras, W. Kapturkiewicz, A.A. Burbelko, H.F. Lopez, 2000. 

110 
©Eutectica-V 



SBTeKTMKa      V 

MOflEJlMPOBAHUE KPHCTAJ1J1M3AL4HH M 

MMKPOCTPYKTyPbl OTJ1HBOK 

A.A. Byp6e/iK0 

ropHO-MeTannyprMMecKan aKafleMwa 

r.KpaKOB, riojibiua 

npomo3npoBaHne MMKpocTpyiaypbi nmeUHbix cnnaBOB B 

omHBKax M3flaBHa HBJineTCfl qejibK» nccneflOBaTenew. TpaflMqiioHHbm 

noflxofl flna syryHOB, Hanpniviep, 3aicniOHaeTCH B pa3pa6oTKe 

3MnnpnMecKnx HOMorpaMM, KOTopbie Ha ocHOBaHHM noKa3aTeneM XMMM- 

necKoro cocTaßa ti napaMeTpoB oxna>KfleHMfl, no3BonHiOT ou,eHMTb 

CTpyicrypy, a MHorfla M MexaHMMecKwe CBoficTBa MaTepnanoB [1]. 

Pa3BMTwe MaTeMaTunecKoro MOflenwpoBaHwn M HucneHHbix 

MeTOflOB peiueHun c ncnojib30BaHneM 3BM no3BOjiaeT ceroAHH 

nonb30BaTbCfl flByiwin MeTOflaMW MOflejinpoBaHMfl MMKpocTpyicrypbi: 

TexHMKOM KneTOHHoro aBTOMaTa (cellular automata) [2,3] M TexHMKow 

nocTnpoqeccMHra [4,5,6]. 

06LU,MM flnn MaTeMaTunecKnx MeTOflOB HBJiaeTCfi coBMecTHoe 

MOflennpoBaHne npoMeccoB Tennonepeflami B MaciiiTa6e MaKpo (ana 

CMCTeMbi Meiann - cpopMa) M cpa30Bbix npeBpameHwft B cnnaBe Ha 

ypoBHe MMKpo (Ha ypoBHe 3epeH CTpyio-ypHbix cocTaBJiaioinMx). C STOW 

uenbK) Mcnonb3yeTCji ypaBHeHiia TeruionpoBOflHoc™ c ncTOHHMKOBbiM 

wneHOM: 

c5T 
■ = a • V'T + - 

'"V 

a-V2T + ^ (1) 
dx 

rfle: T - TeMnepaTypa, % - BpeM«, a - KoacpcpuqneHT TeMnepaTyponpo- 

BOflHOCTM, qs - CKopocTb BbifleneHna TennoTbi cpa30Bbix npeBpameHMM, 

Cv - c-6-beMHan yqenbHafl TermoeMKOCTb. 

B MOflenax, ncnonb3yiou4MX ajiropmM KneTOHHOro aBTOMaTa, B npo- 

CTpaHCTBe, B KOTOPOM pacTyT 3epHa, crpoMTCfi perynapHan KyönHecKan 

ceTKa. Benmma aneMeHTOB ce™ flo/DKHa 6biTb 3HaHMTenbHO MeHbuue 

pa3MepoB 3epeH. Ka>KqbiM H3 OTMX sneMeHTapHbix oß-beMOB B MOflenw 

MO>KeT npe6blBaTb B >KMflKOM, TBepflO>KM,qKOM WIM TBepflOM COCTOHHMH.  Hx 

nepexofl H3 xwflicoro COCTOHHMH B TBepqoe paccnuTbiBaeTCa Ha OCHOB3HMM 
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cf)M3MHecKMX 3aK0H0B 3apox<AeHiifl M pocra. Ka>xnoe 3epH0 TBepAOfi cpa3bi 

"crpOMTCfl"  M3  KyÖMKOB SJieMeHTapHOM  CeTKM,   a  Ka>KablM   KyÖMK,   B  KOTOpOM 

y>Ke noflBwnacb TBepAan cpa3a, npnnncbiBaeTCH K oflHOMy n TO/ibKo OAHOMy 

M3 3epeH. CKopocTO 3apo)xfleHMfl M pocra CBH3aHbi c nojieM TeMnepaTypbi M 

cpM3M4ecKMMM CBOMCTBaMM pacnnaBa. BbifleneHKie TennoTbi cpa30Bbix 

npeBpaLMeHufi (qs) B CBOKJ onepeflb B03fleücTByeT Ha none TeMnepaTypbi. 

Bbiöop AocraTOMKo MB/IKOU ceTKM no3BonaeT ycneuiHO MOflejiMppBaTb cpop- 

My AeHAPMTQB M CTpyicrypy 30Hbi CTonÖHaTOü KpMCTannuäaqMM. OAHaKO nnn 

pa6oTbi anropnTMa loieTOMHoro aBTOMaTa Heo6xoflHM 6onbUJOM oßiseM 

naMfiTM M BbicoKaa BbiMncjinTenbHaa MOinHOcrb 3BM, TaK KaK KonwHecTBO 

aneivieHTOB ceTKM B TunwHHbix 3aAanax cocraBJiaeT npwNiepHO 107 — 10 [2]. 

B anropwTMe nocrnpoMeccuHra 3aflaHa nenvtrca Ha Aßa arana. Ha 

nepBOM 3Tane MOAe/inpyeTcn (raioKe B MacLura6e MMKpo-MaKpo) nyTb Kpn- 

CTajiJiM3ai4MM. PaccMMTbiBaioTcyi M3MeHeHnn nonn TeMnepaTypbi, napaMeT- 

poB cocroflHMfi >KMAKOM cpa3bi M napaMeTpoB MMKpocTpyioypbi. 06i>eM 

TBepAcm cpa3bi pacoiMTbiBaeTCfl npu noMOiAM ypaBHeHun KoriMoropoBa [7]: 

Vs=l- exp(-Q)        (2) 

rAe n - TaK Ha3biBaeMbiii "npoAon>KeHHbiM" o6"beM 3epeH, paccMMTbiBa- 

eMbiü, HanpMMep, tin» ccpepunecKux 3epeH no cneAyioinew cpopMyne: 

'   . ('     V Q = j^|a(/') \u(r)dT   dt       (3) 
Jo Vt ) 

rAe a - BepoHTHOCTb o6pa30BaHHJi 3apoAbiiiia, t' - BpeMH 3apo»<AeHMH, u 

- nwHePiHan CKopocTb pocTa. BennMMHbi a n u paccnuTbiBaioTCfl Ha OCHO- 

BaHMM 4>M3MHecKMX 3aKOHOB 3apo>KAeHMH M pocTa. 

CucreMa, BioiiOHaiomafl ypaBHeHMa (1)-(3), a TaioKe ypaBHeHiw 

0))M3l1MeCKMX 38K0H0B 3apOX<AeHMfl M pOCTa, pewaeTCfl BblÖpaHHbIM pa3HOCT- 

HbiM MeTOAOM Ha ceTKe. Pa3Mep oneMeHTa ceTKM B ASHHOM anropwTMe AOJ> 

>KeH 6biTb B HecKonbKO pa3 6onbUje, neM BenMHMHa 3epHa, noorOMy KOJiMne- 

CTBO aneMeHTOB ceTKM B TMnMHHbix 3aAaMax cocraBnaeT npHMepHO 10 . 

Ha BTopoM arane MOAennpoBaHwn AanHbie, nonyneHHbie Ha nepBOM arane, 

McnonbsyiOTCfi &n?\ nocrpoeHMfl M3o6pa>KeHHfl crpyKTypbi. Cnocoß TaKoro 

nocrpoeHMsi onwcaH B pa6oTe [4]. 
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ripwMep MOflennpoBaHMfi 
CTpyrrypbi rpamiu, 
SBTeKTMHecKMx 3epeH B u,empe 
MMnnHflpMsecKou nyryHHOu 
OTJIMBKM 0 30 MM B >KMflKO- 
TBepflOM (a-c) M TBepflOM (d) 
COCTOflHMM, x 25: 
a - 25 % TBepqoM cpa3bi, 105 c; 
b - 50 % TBepfloii cpa3bi, 118 c; 
c- 75 % TBepfloPi (j)a3bi, 123 c. 
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0BPA30BAHHE METACTABMJlbHblX OA3 B CnJIABAX 

3BTEKTHMECKOrO COCTABA CHCTEM Pb-Te, Sn-Te nPH 

CBEPXBblCOKMX (106 - 108 K/C) CKOPOCTflX OXJlA>KflEHHfl 

PACnJIABOB 

B.M. rna3oe, K.E. noapme 

MOCKOBCKMM HHCTMTyT OneKTpOHHOM TeXHMKM 

(TeXHMHeCKMM yHMBepCMTeT), MOCKBa, POCCWfl 

HacTO«man pa6oTa nocBameHa nccneflOBaHMK) cipyiaypHbix 

oco6eHHOCTeM cnnaBOB nonynpOBOAHHKOBbix cwcreM Pb-Te, Sn-Te , 

nonyneHHbix npn CBepxBbicoKwx (106 - 108 K/c) CKopocrax oxnax<fleHHfl 

pacnnaBOB. HccneflOBaHMio 6binn noflBepmyTbi cnnaBbi B 

KOHi4eHTpai4MOHHOM Anana30He OT 10 flo 95 sx.% Te . Oco6eHHO 

noflpoÖHO MCcneflOBaHa CTpyicrypa cnnaBOB OKonooBTeicrkNecKoro (co 

cropoHbi Tennypa) cocTaBa. 06pa3i4bi 6biCTpooxna>KqeHHbix cnnaBOB , 

nonyMeHHbie B Bn,qe nneHOMHbix cpparMemroB, TOJIIUMHOM OT 2 flo 20 

MKM, npuroTaBJiMBanMCb    c    ncnojib30BaHi4eM    flßyx    MeTOflMK: 

cxnonbiBaHMfl «an™ pacnnaßa Mex<Ay ppyun flBiDKymMMMcn BO 

BCTpeHHOM HanpaBneHMM TennooTBOflfliqHMn urroKaMM M pa3Ma3biBaHMfl 

Kannn pacnnaßa Ha BHyTpeHHew noßepxHOc™ QbicrpOBpamaiomerocfl 

MeAHoro minnHApa. 

PeHTreHOCTpyicrypHbiM aHann3 6bicTpooxna>KAeHHbix cnnaBOB 

npoBOAHHM Ha Ano^paiaoMeTpe D-501 «Siemens» c ncnonb30BaHweM 

CuKa-M3nyHeHHH. fln« wccneAOBaHMH 0T6npann nneHKM 

npn6nn3MTenbH0 OAHHaKOBoCi TonmnHbi. 3TO no3BOjineT AonycTMTb, HTO 

OHM OXna>KAa/lMCb C npn6nH3HTenbHO OAMHaKOBOM CKOpOCTbK). 

Ann oueHKM BO3MO>KHOCTM npoieKaHna 6e3Awcpcpy3MOHHOki 

KpwcTajiJiM3ai4MM cnnaBOB c ncnonb30BaHneM MOAenn cy6perynapHoro 

pacTBopa npoßeAeH pacneT nonoweHwa nnHMM T0(x) - paBHbix 3HaMeHnii 
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3BleKTMKä      V 

CBoßoflHOM SHeprMM Tn66ca TBepflon M >KMflKoii cpa3, Ha flwarpaMMax 

Cpa30BblX paBHOBeCMll 3TMX CMCTeM. 

ycTaHOBjieH acpcpeirr cyu^ecTBeHHoro pacuiupeHUfl rpaHfiqbi 

pacTBopiiMOCTM CBMHL|a M onoßa B Tejinype, mo CBA3aHO c npoTeKaHMeM 

6e3flH{p(py3MOHHOfi KpucTannMsai^MM B cooTBeTCTByioi^MX flnn Ka>KflOM 

CMcreMti KOHi4eHTpai4MOHHbix flnana30Hax. 3TOT scpcpeicr nonHOCTbK) 

comacyeTcn c nonoweHMeM BbinucneHHOM JIHHMH    T0(X).  Han6anee 

Bbipa3MTenbHO CTpyicrypHbte acpcpeicrbi, CBH3aHHbie co CBepxBbicoKMMH 

CKopocTAMM oxna>KqeHMfl, npoflBriJiK)TCfl B oönacTM sBTeKTtmecKoro 

cocTaßa (80-86 aT.% Te ). Cßepx6biCTpoe oxna>KqeHMe pacnnaBOB STMX 

cocTaBOB npwBOflMT K (popMMpoBaHMio 0flH0cpa3Hbix MaTepwanoB c 

OAHMM M TeM >Ke TMnoM KpMCTajiJiMHecKOü CTpyicrypbi (^-cpa3bi). fljia 

Ka>KfloPi cncTeMbi npoBeABHa MfleHTM0MKaqnfl STOM HOBOM 

MeTacTa6nnbHOM cpa3bi. 

ripn   3aKanKe      pacnnaBOB   co   3HaHHTexibHO   6onee   BUCOKHX 

Hana/ibHbix        TeMnepaTyp Ha6n(0,qaeTCfl o6pa30BaHne 

CTeK/iOKpncTannnHecKoro    r/iaTepuana.  nonyweHHbie flucppaKLiMOHHbie 

KapTMHbl        CO        BCefi        OHeBMflHOCTbK)        fleMOHCTpkipyiOT        BJIMflHUe 

cBepxBbicoKMx CKopocTew ox/ia>KfleHMn Ha npoLjecc cpa3oo6pa30BaHnsi M 

3HaHMTenbHyK) pojib npeflBapMTeiibHoro neperpeßa pacnnaBOB. 

noKa3aHa CBH3b BrmflHkm TeMnepaTypbi npeflBapmenbHoro neperpeßa 

pacnnaßa c BenunnHOM ero nepeoxna^eHMH. 

©B.M. rna3oe, K.E. nonpxoe, 2000r. 
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SBTeKTMKa      V 

MOPOOJIOBIfl M MEXAHMSMbl POCTA KPHCTAJIJIOB 
KPEMHMH B BblCOKOKPEMHMCTOM 
3J1EKTPOTEPMMMECKOM CnJIABE AL-SI 

H.CPoMaHoea 

TocyflapcTBeHHaa MeTannyprwHecKan AKafleMna YKpaMHbi 

r.flHenponeipoBCK, YKpawHa 

Investigated objects were massive ingots and granules that 
were got from Al - 35% Si electrothermal alloy produced by 
Zaporozhe aluminum plant, considerable voluminous part of 
primary silicon crystallized by forming H - shape plates. 
Morphological analyses was revealed existing of the three kinds of 
H -shape silicon crystals. It was designed models of those crystals 
using electronic-graphic and stereomorphological analysis of the 
data. All kinds of H - shape crystal were considered as different 
types of band crystals those have a diamond-type crystal lattice. A 
growth mechanism is being discussed. 

3a3BTeKTMMecKne cnnaBbi CMcreMbi Al-Si (cmiyMMHbi) c 

coAepxoHMeM     KpeMHun     35-40%     OTHOCHTCA     K     KaieropuM 

M3HOC0CTOMKMX  M  TepMMHeCKM  CTa6MJIbHblX  MaTepna/lOB  C  HM3KHM 

yflenbHbiM BecoM. B HacTonmee BpeMfl HaontoAaeTca TeHfleHMnn 

MCnOJlb30BaTb  CMJiyMUHbl  C  BblCOKMM   COflepXOHMeM   KpeMHMfl  Ann 

npon3BOACTBa   nopwHefi   TflwenoHarpyweHHbix   <popcnpoBäHHbix 

AM3ejieM. npM COAep>KaHMM KpeMHMfl 35-40% MX M3HOCOCTOMKOCTb B 

1,5-2,0 pa3a Bbiuie, seM y BbicoKOJiernpoBaHHHbix aycTeHMTHbix 

nyryHOB Tuna Hnpe3ncT, a K03cpcpnuneHT jiMHeüHoro' pacwupewifl 

AOCTMraeT BejiwHMHbi nopaAKa a0-3oo - 13,1 - 14,5x106 K"1[1]- 

npuseM c pocTOM coAep>KaHMfl KpeMHMfl noBbimaeTCfl «a« 

TepMMMecKaa CTaSwibHOCTb ciinaBa, Tak M erp n3HOcocTOfiKOCTb, a 

yAenbHbifi   Bee   naAaeT.   npn   KpMCTajinn3ai4nn   TaKMX   my6oKO 

3a3BTeKTMMeCKMX       CMJiyMMHOB       oß-beMHaH       AOJlfl       nepBMHHblX 

KpHCTannoB KpeMHMH AOCTMraeT 30%, MTO Hen36e>KHO npuBOAMT K 

pe3KOMy oxpynnnBaHMK) cnjiaBa. noBbiLueHne yAapHOii BA3KOCTM M 

TpeiAMHOCTOMKOCTM    6e3    CHM>KeHMH    06"beMH0M    ROHR    nepBMHHblX 

KpHCTannoB KpeMHMfl B cnnaBe BO3MO>KHO 3a cneT BapbupoBaHna 

ero CTpytcrypHbiMM napaMeTpaMM, B MacTHocTM Mopcponomeü M 

AMCnepcHOCTbK). B CBH3M C 3TMM aioryanbHbi MCcneAOBaHMJi 

Mopcponorwn    M    MexaHM3MOB    poda    nepBMHHbix    KpHCTannoB 
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SBTeKTHKa     V 

KpeMHMfl      B      BblCOKOKpeMHMCTblX     CMJiyMHHaX     npM      pa3JlHHHblX 

ycnoBMHX   KpMCTan/iM3ai4MM    M,    B   Mac-moc™,    npn    pa3J1MHHblX 
CKOpOCTflX OXJla>KfleHMfl. 

Oö-beicTOM MCcneflOBaHMH cny>KMnM MaccuBHbie CJIMTKM M 

rpaHynbi, nonyneHHbie H3 ajieiapoTepMnsecKoro crmaBa AI-35%Si 

npon3BOflCTBa 3anopo>KCKoro aniOMMHMeBoro KOMÖnHaTa. CnnaB 

nonynarw MeTOflOM np^Moro BoccTaHOBneHHH m OKCMAHOM tuwxTbi 

B pyflOBOCCTaHOBMTejibHbix aneiapOAyroBbix nenax OKB-6012 

MOLMHOCTbio 22,5 MBA. CruiaB coflepaon TexHononmecKwe v\ 

npnpoflHbie npuMecHbie KOMnoHeHTbi Fe, Ti, Cu, Ni, M Cr oftvupn 

cyMMa KOTopbix He npeBbiwana 7%. TexHonorun rpaHynnpoBaHWH c 

qeHTpo6e>KHbiM pacnbuiem-ieM pacnnaßa B BOfly no3BonneT 

npOBecTM KpncTannn3ai4Mio cixnaBa co CKOPOCTHMW oxnawfleHwa 

nopaflKa103-104K/c. [1] 

CTpyioypa waccuBHoro cnMTKa M rpaHy/i Mccneflyeivioro 

cn/iaBa    npeACTaBneHbi    Ha    pud.    riepBMHHbm    KpeMHMfi    B 

MaCCMBHblX OTJIMBKaX  (HyLUKax)  KpHCTajlJlM3yeTCfl   B  BMfle   UJWPOKMX 

H-06pa3HblX nnaCTMH,  a  SBTeKTMHeCKMM   KpeMHWM  BXOflMT  B  COCTaB 

MHoro(fea3HOM TOHKO AMcJxpepeHLjMpoBaHHoü  3BTeKTMKM.  UJupnHa 

nnacTMH KOJießneTca B npeflenax 20-40 MKM, a fl/iKiHa cocTaB/iHeT 
OT200flO400 MKM. 

Kwv: 

a 6 

Pnc.1. MHKpocTpyiaypa cjio>KHO/ierMpoBaHHoro 
3a3BTeKTMHecKoro cnjiyMMHa a) HyuiKOBbm cnnaB, x200 ; 
6) rpaHynwpoBaHHbiM cnnaB, x200. 
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SBTeKTMKa      V 

MwKpocTpyicrypa rpaHyn npeAcrraB/ieHa Ha pnc.16. 

Ha6ntOAaioTCJi aHanorMHHbie rmacTMHMaTbie H-o6pa3Hbie 

KpMCTannbi, TOJibKO 6onee MenKOflncnepcHbie. 

OnwcbiBaa MopcpojioraHecKwe ocoSeHHOCTM H-o6pa3Hbix 

KpucTannoB KpeMHwn, MO>KHO BbiAeiiMTb Tpw pa3HOBMflHOCTM, 

KOTopbie npeflCTaßheHbi Ha pnc.2 B BMfle MHKpocTpyioryp M cxeM. 

3TO flByraBpOBbie KpucTannbi c KOCOM nepeMbiMKOM Me>Kfly 

njiacTMHaMM, c nepneHflMKynnpHOii nepeMbNKOÜ M KpucTan/ibi c 

60KOBMMM oTpocTKaMM Ha nepneHflMKyrmpHOM nepe^NKe. 

X    L 

PMC.2 MuKpoCTpyicrypbi rpaHyn cnnasa AI-35%Si c 
pa3JlMMHblMM MOpCtJOnOrHHeCKMMM pa3H0BMAH0CTHMM H- 
o6pa3Hbix (AByraBpoBbix) KpHcramioB nepBMMHoro Kpeunvm 
a) c Kocoii nepeMbiMKoii 6) nepneHAMKyrifipHOfi nepeMbNKOft 
c) c 6oKOBbiMM OTpocTKaMM Ha nepneHAw<yrmpHOM nepeMbiHKe. 

3neiapoHHorpacpMHecKMM aHann3 Sbicrpo oxna>KAeHHbix 

nneHOK M3 pacnnaBa AI-35%Si noKa3an, HTO nepBMWHbiM KpeMHMM 

np'w CTonb BbicoKOM ero o6"beMHOM coAepwaHMM MHTeHCMBHO 

ABOiiHMKyeTCH. Ha pnc.3 noKa3aHO CBemononbHoe M3o6pax<eHMe 
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SBTeKTHKa     V 

ynacTKa    nneHKM    c    nepBMHHbiM    KpMCTa/inoM    KpeMHwa    M 

cooTBeTCTByio^an   eMy   MMKpoflMcppaKMMq.   (IpeflCTaBneHHan   Ha 

PMC.3     KapTMHa      MMKpOflMCppaKMMM      COOTBeTCTByeT     BblXOfly      B 

OTpawaiomee nojio>KeHMe xapaicrepHOM y3noBoü ceTKM pecpneKcoB 

Si, npMHafljiexoiUMX 30He OTpaMOiOLqux nnocKOCTeii [110]. 

PMC.3      3/ieKTpoHHbie      MMKpocpOTorpacpMM 6biCTpo 
oxna>KAeHHbix nneHOK cnnaBa AI-35%Si a) CBeTJionojibHoe 
M3o6pa>KeHMe x15000; 6) KapTMHa MHKpoflMcppaiaiiw OT 

nepBMMHoro KpMCTanna KpeMHun; B) cooTBeTCTBytomee 
MMKpoflncppaKi4MM pacseTHoe ceweHMe oöpaTHOM peiueTKM no 
njlOCKOCTM   (110)   M   OCbK)     flBOMHMKOBaHMH   [1T1],   3CpCpeKTbl 
ABOMHOM flMCppaKquu BbiflejieHbi CBemoM 3anMBK0M. 

B pe>KMMe MUKpoflncppaKMMM npncyrcTByK)T pecpneKCbi,  KOTopbie 

CBfl3aHHbie    C    flBOMHMKOBaHHeM    KpMCTajinMHeCKOÜ    peiueTKM    Si. 

PacnojioweHiie   pecpneKcoB   OT   ABOMHMKOB   COOTBeTCTByeT   OCM 
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3BTeKTMKa      V 

ABOMHMKOBaHMfl   [111].   OCb   flBOMHMKOBaHMH      ne>KMT   B   nnOCKOCTM 

oöpaTHOM peuueTKM (110). ComacHO npeflCTaBneHHbiM 

pe3ynbTaTaM3neiapOHorpacpMHecKoro aHa/iM3a nepBMHHbie 

KpMCTannbi KpeMHM« nccneflyeMoro BbicoKOKpeMHHcroro 

sjieicrpoTepMMHecKoro CMnyMMHa flBOMHHKytoTcn no nnbcKOc™ 

(111), T.e. no lunMHeneBOMy 3aKOHy. 

Ö6bv>KQeHiie pe3VJlbtaTOB 

ÄHajiM3 nwTepafypHbix aaHHbix riOKa3an, HTO H-o6pa3Hbie 

kptffcTanribi nepoMHHoro kpeMHMfl B cmiyMMHax He BbiAenaic-T B 

cnentianbhyio rpynny, OTcyTCTByeT onwcaHMe ocoöeHHOCTeü 3Toro 

MOpo^onornHecKoro Tuna M Mexawi3M0B ero pocra. M3BecTH0 

onncaHne nnacTMHnaTbix KpMcrannoB KpeMHwa, KaK Haw6o/iee 

6nn3Koro      aHanora      H-o6pa3HOMy     Tuny.      rinacTMHMaTOCTb 

OÖ-bflCHneTCfl XOpOUJO M3BeCTHblM 0>aiCrOM CnOMCTOCTM 

anNia3onoAo6Hbix crpyicryp B HanpaBJieHMM mna <111> [2]. 

06-bflCHeHne nnacTUHMaTOM Mopcponorwn cnoMCTOCTbto CTpyiaypbi 

KpeMHuyi, MMetomero anMa3onoflo6HyK) peiueTKy, He flocTaioHHo 

KoppeKTHO, nocKOiibKy cnoncTOCTb npoflBJiflTb ce6a M0>KeT BO Bcex 

BOCbMH HanpaBJieHMflx Tuna <111> aBnaacb xapaicrepHort 

CTpyKTypHofi oco6eHHOCTbio KpucTannMsecKOM peuueTKM KpeMHkm M 

flOn>KHa npMBOflMTb CKopee K oicraaApMHecKMM cpopMaM pocra, a He 

K nnacTMHHaTbiM. flpyroe oötacHeHMe nnacTUHMaTbiM cpopMaM 

AaHO B paßoTax [3, CTp.377, 4-13]. B 3TMX paöoTax nnacTMHnaTbie 

KpMCTannbi KpeMHMH TpaicrytoTCJi KaK nem-oHHbie, KOTopue 

o6pa3yiOTCfl Ha 6a3e nonMCMHTeTMMecKMx ABOMHMKOB 

anMa3onoflo6Hbix crpyicryp. npM 3TOM flBOMHMKOBaHMe BHOCMT 

opMeHTaL\MOHHbie M3MeHeHMfl B npoL(ecc pocra KpMCTannoB. 3TOT 

noAxOA aBTopy CTaTbM npeACTaBnaeTCH 6onee oöocHOBaHHbiM. 

MexaHM3M pocTa neHTOHHbix KpwcrannoB KpeMHMH, 

onMcaHHbiM B [3] npeAnonaraeT, MTO cpopMMpoBaHMe nnacTMHsaToro 

KpMCTanna   npoMCxoAMT  B   pe3ynbTaTe  aKTMBHoro   pocia   BAonb 

120 
©Eutectica-V 



SBTeKTHKa     V 

nnocKOCTW flBOiiHMKOBaHMfl B HanpaBneHMfix Tuna <211>. AKTMBHWU 

POCT    B    HanpaB/ieHMM    <211>    BflOnb    finOCKOCTll    flBOMHMKOBaHMH, 

oß-bflCHfleTCfi HariMMneM He 3apacTaioi^eM CTyneHM pocra Ha rpaHHX 

Bxoflnmero yma, KOTopbiü o6pa3yeTca npn nonwcMHTeTMHecKOM 

flBOMHMKOBaHMM B npeflnonoweHWM OKTaaflpMHecKOM MOflenM pocTa 

KpeMHMfi. 3TOT MexaHM3M 6bm npeanoweH TaMMnbTOHOM M 

BarHepoM fl/in KpwcrannoB co crpyicrypoü Tuna anwia3a [7,8]. 

OjgHaKO, o6-bncHan B O6U4MX nepTax npoqecc Bbinona>KHBaHM8 

neHTOHHbix KpucTajinoB, MexaHM3M TaMMnbTOHa-Bamepa 

npoTMBopenuT pafly 3KcnepnMeHTaribHbix flaHHbix. B nacTHOc™, 

pacnonoweHne cjnoeB pocia B HanpaB/ieHMM <211> neHTOHHbix 

KpMCTannoB repNiaHHH, aHTMMOHMfla MHAMA M apceHMfla rannun 

(KpucTaiiJiOB co CTpyiaypoM Tuna anMa3a), KaK oTMenaioT MHOrwe 

MCc/ieflOBaTenw [4,9,11], He cooTBeTCTByeT npeflCTaBneHMHM o 

pocTe Ha rpaHnx Bxoflflmwx ymoB. KpoMe Toro, H3 flByx M3BecTHbix 

TMnoB neHTOHHbix KpwcTannoB <211> w <110> [10,14], STOT 

MexaHM3M B npnHL|nne o6-bacHaeT pocr TOiibKO B HanpaB/ieHMM 

<211>. npoi4ecc cpopMnpoBaHMH H-o6pa3Hbix KpMCTannoB 

KpeMHMA, npeflCTaB/ieHHbix Ha pnc.2, TaioKe HeB03MO>KHo 

OÖTsflCHMTb C nOMOlUbK) 3Toro MexaHM3Ma. 

AnbTepHaTMBHbiw noAXOfl K onwcaHMio MexaHM3Ma pocTa 

neHTOHHbix KpMCTa/inoB co CTpyicrypoM TMna anMa3a H3/io>KeH B 

paöOTax neTpoBa fl.A. M ByxaHOBaow A.A. [12,13], rfle KOHLjenLjwfl 

Bxoflnitiero yma noflBepmyTa Kprnwe Ha npmvtepe pocta 

neHTOHHbix KpMCTannoB repMaHna. B Ha3BaHHbix pa6oTax pa3BMTbi 

npeflCTaBneHMH 06 aicrMBHOM i4eHTpe (flflpe) poora neHTOHHoro 

KpMCTanna. HqpOM pocTa «BnaeTcyi cflBOMHMKOBaHHbiM TeTpao,qp Ha 

6a3e Bxoflflmero flByrpaHHoro yrna. Bbixofl nnocKoc™ 

flBOMHMKOBaHMfl Ha noBepxHOCTb KpMCTanna cpopMMpyeT peöpo 

Bxoflau^ero yrna. flBOMHMKOBaHMe no nnocKoc™ (111) npuBOflMT K 
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3 B T e KTHKa     V 

CpOpMUpOBaHMIO nonO>KMTenbHOrO CABOMHMKOBaHHOrO 

TeTpaaflpMHecKoro «flpa pocTa, a flBOMHHKOBaHwe no 

aHTMnapannejibHOM nnocKOc™ (111) K cpopiwiMpoBaHMK) 

OTpuqaTejibHoro    TeTpasAPMnecKoro    aflpa.    Pa3nMMMe    Me>«ny 

ABOMHMKOBblMM   nnOCKOCTHMM   (111)   M   (111)   nei"KO   yCMOTpeTb   M3 

aTOMHOM    peixieTKn   anMa3a. ComacHO   3KcnepnMeHTanbHbiM 

flaHHbiM,   nono>KMTenbHbiM   M OTpMLjaTenbHbie   TeTpaaAPMHecwe 

i^eHTpbi   pocTa   neHTOHHoro KpMCTanna   oonaflawT   pa3/iMMHOM 

Mopcponoraeü.   B   HacTHOCTW, OTpuqaTenbHoe   TeTpaaflpMMecKoe 

AAPO pa3pacTaeTcn Bflorib nnocKOCTM flBOMHMKOBaHna, T.e. 

pa3pacTaeTCfl      napannenbHO      nnocKOCTHM      BbinonawMBaHwa 

neHTOHHoro KpMCTanna [12]. riono>KMTenbHoe TeTpaaflpunecKoe 

HAPO    paCTeT    HOpManbHO     K    nnOCKOCTM    ABOMHMKOBaHMfl     M     He 

cnocoöcTByeT BbinonawMBaHKio ocHOBHbix noBepxHocTefi 

neHTOHHoro KpMCTanna [13]. PacnonoweHwe cnoeB pocTa 

neHTOHHoro KpwcTanna repMaHMfi B ceseHMM (211) npeACTaBneHO 

Ha pMC.4. B paMKax MexaHM3Ma pocTa neHTOHHoro KpMCTanna no 

FleTpOBy     fl.A.      M     ByxaHOBOM     A.A. M     B     COOTBeTCTBMM     c 

3KcnepMMeHTanbHbiMM AäHHbiMM no pacnono>KeHMio cnoeB pocTa B 

pa6oTe [4] nocTpoeHa MOAenb ceneHMn neHTOHHoro KpMCTanna 

aHTMMOHMAa MHAMfl nnocKocTbK» (211). 3Ta MOAenb npeACTaBneHa 

Ha pMC.5. Ha pwc.4 M 5 xopouio npocMaTpMBaeTcn AByraBpoBaa 

cpopMa neHTOHHbix KpMCTannoB B ceMeHMM (211). YHMTbiBaa nonHyK) 

KpMCTannoxMMMMecKyio aHanomio Me>KAy KpncTannaMM KpeMHMn M 

repMaHMH, a TaioKe noAo6Me KpMcrannMsecKMx peweTOK 

aHTMMOHMAa MHAMfl M KpeMHMfl MO>KHO CAenaTb npeAnono>KeHMe o 

TOM, MTO MopcponorwHecKMe TMnbi H-o6pa3Hbix KpMCTannoB Si, 

nonyneHHbie B cnnaBe AI-35%Si (M B MyuiKax M B rpaHynax), 

aBnaiOTcn neHTOHHbiMM KpMCTannaMM. npM STOM öoKOBbie 

oTBeTBneHMfl TpaicryiOTCH B cxeMe pocTa am-MMOHMAa MHAMH [4] M 
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repMaHMH [11], KaK pa3BMTne nnocKorpaHHoro «qeHflpnTa Ha 6a3e 

cflBOMHMKOBaHHoro TeTpaaflpMHecKoro flflpa pocTa. 

PMC.4 CeneHne 

neHTOMHoro KpMCTarma 

repMaHUfl nnocKOCTbio, 

nepneHflMKynapHOM 

HanpaBneHMK) pocTa 

<211> [13] 

A(111) 

PMC.5 CeMeHne neH-TOHHoro 

KpucTanna aHTMMOHUfla MHAMH 

nnocKocTbio, nepneH- 

AHKy^npHOM HanpaB-neHMK) 

pocta <211> [4] 

B(iii) 

no/iMCMHTeTMMecKMe flBOÜHMKM, /lewamwe B ocHOBe 

neHTOMHoro KpMCTamia xapaKTepi<i3yiOTCfl KaK KonimecTBOM 

napanne/ibHbix nnocKocreM flBOMHHKOBaHwa B naKeTe, TaK H 

B3anMHbiMM paccTOflHUflMM Me>Kfly HMMM. ComacHO 

MCcneflOBaHnaM [10] npn TontnuHe flBOMHWKOBbix nnacTMH MeHee 

2MKM (JjopMnpyiOTCfl xieHTOMHbie KpucTanribi repMamifl Tuna <110>, 

a npii TonmuHe 6onee 2MKM Ha6nto,qaeTCfl pocT neHTOHHbix 

KpMCTannoB   tuna   <211>.   AHann3   cxeMbi   nonncMHTeTMHecKoro 
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3'BTeKTMka    V 

flBOHHMKa  KpMCTannoB c anMa3ono,qo6HOM  peiueTKOM  M neTHbiM 

HMcnoM nnocKOCTefi ABOMHMKOBaHMn noKa3aH Ha pMC.6. 

I II I: II        » 

■ • / 

%// ■ \/ 

/° 
y\ 

A A \ 

Pwc.6 CxeMa nonncuHTeTMMecKoro flBOMHUKOBaHwa c pa3nnM- 
HblMM paCCTOflHMJIMM Me^y nriOCKDCTflMM flBOMHUKOBaHMfl 

Ha-   pwcyHKe     noKa3aH     cflBOMHHKOBaHHbiii     KpwCTann 

OKTaSflpMMlcKOrSraÖMTyCa C flByMfl njlOCKOCTHMM flBOMHMKOBaHMfl (I 

M li cneflbi nnocKOCTew flBOMHMKOBaHna nepneHflWKynnpHbie 

nnocKOCTM pucyHKa). noBepxHOc™ neHTOHHOro KpwcTajina 

nepneHflMKyjiapHbi nnocKOCTW pucyHKa n wx ceHeHWH npeflCTaßneHbi 

B   BMfle  J1MHMM  AB   M   CD.      llpM   yMeHbUjeHMM   paCCTOflHMfl   Me»<fly 

n/iocKOCTHMM   flBOMHMKOBaHMfl   B3anMHoe   pacnonoweHMe   Mex<ay 

OCHOBHbIMM   MaCTflMM   KpHCTailJia   ÖyfleT   COOTBeTCTBOBaTb   CflBMry, 

napannenbHOMy nnocKOCTHM flBOMHWKOBaHMH M, IOK c/ieflCTBue, STO 

npMBefleT K cpopMwpoBaHMio KOCOM nepeMbiMKM Me>Kfly 

noBepxHOCTAMM neHTOHHoro KpucTanria. flsyraBpoBbie KpMCTanribi 

KpeMHMJi c KOCOM nepeMbWKOM xopoiuo BMflHbi Ha pnc.3a. 

Onupancb Ha npeanaraeMyio MOflejibHyro cxeMy (pnc.6), KOTopan 

onucbiBaeT M3MeHeHwe cpopMbi flBOHHMKa oicra3flpMHecKoro 

raÖMTyca,   npn   yMeHbiueHMM   paccTOHHMH   Me>Kay   n/iocKOCTflMM 

flBOMHMKOBaHMH, MO>KHO     npeflnOJ10>KMTb, HTO    flByTaBpOBbie 

KpHcrannbi KpeMHwa c KOCOM nepeMbiMKOM OTHOCHTCH K neHTOHHbiMM 

KpuctannaM Tuna <110> B nnocKOCTM ceneHMfl (110). 
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SBTeKTMKa     V 

Ha ocHOBe npoBefleHHoro CTepeoMopcpononiHecKoro 

aHann3a 6onbLuoro KonwnecTBa coLunwqboBOK nepBMHHbix 

KpucTannoB KpeMHMH xapaicrepHOM flByraBpoBou cpopMbi, 

nodpoeHbi «Be CTepeoMOflenw neHTOHHbix KpucTannoB KpeMHua 

(CM.pnc.7). B paMKax MexaHM3Ma KpncTannn3ai4MM neHTOHHbix 

KpucTannoB c peujeTKOM Tuna anMa3a no neTpoBy fl.A. M 

ByxaHOBOii A.A. M, ormpaacb Ha .qaHHbie aneiapoHorpacpwHecKoro 

aHariMsa, noflTBep»<qaioiJHMe flBOÜHMKOBaHMe nepBMHHbix 

KpucTan/iOB Si B cnnaBax AI-35%Si, H-o6pa3Hbie KpwcTannbi MO>KHO 

TpaKTOBaTb KaK neHTOHHbie KpHCtan^bi Tuna <211> u <110> 

<110> A 

<211> 

a 6 

PMC.7 CrepeoMOflenH neHTOHHbix KpucTannoB a) Tana <211>     6) 

Tuna <110> 

BblBOflbl 

Flo flaHHbiM CTepeoMopcponorMHecKoro M 

aneiapoHorpacpMHecKoro aHann30B, a TaioKe wcxoflfl M3 aHanw3a 

MexaHM3MOB pocTa neHTOHHbix KpucTannoB co CTpyia-ypoM ariMa3a 

MO>KHO cqenaTb cneflyiomne BbiBOflbi 1) onwcaHHbie H-o6pa3Hbie 

KpncTannbi nepBMHHoro KpeMHiia B aneicrpoTepMHHecKMX cnnaBax 

AI-35%Si npeflCTaBnniOT CO6OM ceneHMfl neHTOHHbix KpucTannoB 

Tuna <211> n <110>; 2) xapaicrepHan flByraBpOBan cpopivia 

nepBMHHbix     KpucTannoB     KpeMHua     B     cnnaBax     AI-35%Si 
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SB T e KTHKa     V 

noflTBep>KqaeT MexaHW3M pocia neHTOMHbix KpMcrajinoB, 

npeA/io>KeHHbiM neTpoBbiM fl.A. M ByxaHOBOM A.A. 3TOT MexaHW3M 

ocHOBbiBaeTCH Ha KOHMeni^MM cpopMwpoBaHiw TeipaaflpuMecKoro 

Hflpa   pocTa   Ha   6a3e   BXOflau^ero  AByrpaHHoro   yma,   KOTopbifi 

06pa3yeTC?l npM ABOMHMKOBaHMM. npM 3TOM flBOMHMKOBaHMe BHOCMT 

opMeHTai4MOHHbie M3MeHeHMfl, B npoqecc pocTa KpwcrannoB u 

oöecneHMBaeT KpMCTarmn3aqwio Bflonb nnocKOc™ flBOMHMKOBaHMn 

c (JjopMnpoBaHiieM B o6u4eM BMfle H-o6pa3Horo 

MopcponorMHecKoro Tuna B ceneHMflx nepneHflMKynnpHbix 

HanpaB/ieHMK) pocTa. ....... 
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3BTeKTMKa      V 

KpncTa/inM3ai4MM HeopraHMHecKne MaTepwanbi, TOM IV, 1968, 1416- 

1419 
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SBTeKTHKa      V 

riP0rH03HP0BAHHE HAnPABJlEHHOCTH KPMCTAJUM3AL41W 

PACn/lABOB  nEPklTEKTMMECKHX CHCTEM    B  TEPMMHAX 

TEPMOAMHAMMKH HEOBPATMMblX nPOL|ECCOB. 

M.M. ranycuKO,  HD.H. TapaH 

HauMOHanbHaa MeTannyprimecKafl AKaaeMwi YKpawHbi 

r.flHenponeTpoBCK, yKpaima 

B npeflCTaB/ineMOM MOflenw paBHOBecHoe cocronHne 

onucbiBaexcn KaHOHMHecKMM pacnpeßenemieM, Koropoe, cneflya [1], 

MO>KHO 3anncaTb B BMAe: 

P = exp [ ß0 fa ß,V) exp {ß [ £ C - E (C)]},    (1) 

rfle * - o6o6meHHbiM TepMOflHHaMimecKHfl noTeHquan, 

npuHMMaroinMM B COCTOAHMM paBHOBecwa CBoe MMHMManbHoe 

3HaHeHne; jl - XMMMHecKMü noTeHL|nan; ß =1/(kET), kB- nocTOHHHaa 

EonbqMaHa M T - aGconiOTHafl TeMnepaTypa; E - BHyTpeHHHH 

3Heprna, 3aBMCHmafi OT C-cocTaBa HWAKOCTW B nepureKTWHecKOM 

pacnnaBe, a TaioKe OT KOopflMHaT, MMnynbCOB M BHyTpeHHUx 

aHepruM HacTMq B pacnnaBe. 

H3   Bbipa>KeHMn   (1)   nyTeM   cyMMnpoBaHkm   no   KOopflMHaTaM, 

MMnyJIbCaM       M       BHyTpeHHMM       COCTOflHMflM      HaCTMM       B       «MAKOCTM 

nepMTeicriiHecKoro pacnnaßa, 3aKmoMeHHOü B o6i>eMe V, MOWHO 

namvt pacnpefleneHMe BepojrrHOCTM flna C: 

P(C) = B j p {dr} {dPi} = B exp [ß(4> + £C)] exp [- ßE (C)] {dr,} {dPJ, 

Tfle    B - HOpMMpOBOMHbIM    MHO)KMTenb,    a jp -    nnOTHOCTb    >KMAKOCTH 

nepmeicrMMecKoro    pacnnaßa    npn    teMnepaType    nepmeicTMMecKoü 
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  3BTeKTMKa      V 

ropn30HTann Tn. nocKonbxy wHTerpan no KOopflMHaTaM M 

MMnynbcaM cBH3aH co CBoßoflHoü 3Heprne(i F (C, ß,V), 

cooTBeTCTByiouneii flaHHOMy 3HaHeHMio nepeMeHHoä C, MO>KHO 

3anncaTb: 

P(C) = B exp {ß[cD ({I, ß,V) + flC - F (C, ß, V)]}       (2) 

B [1] OTMewaeTCH, MTO ncnorib3yeMaq B TepMOflMHaMMKG B KanecTBe 

CBoSoflHoii 3Heprnn cpyHKqua F OT/iMMaeTca OT BenMHMHbi F (C, ß,V) 

B Bbipa>KeHMM (2). riepBaa CBH3aHa c TepMOflMHaMnnecKHM 

noTeHquanoM O cooTHomeHMeM 

0 = F-nC, 

rfle G - HaßriKDflaeMoe B CMdeMe MaKpocKonimecKoe 3HaMeHne C M 

F = F(C). B cuny 3Toro cooTHOweHMH (2) npuHMMaeT BHA: 

P(C) = B exp {-ß[F - F - n (C - C) ]} (3) 

ECJIH npiiMeHMTb K F M3BecTHbie TepMOflUHaMMHecKwe 

TO>KqecTBa, TO MO>KHO 3anncaTb: 

(AF)TV S F-F = H(C-C) (4) 

ByfleM csMTaTb, MTO paBHOBecHbw cocTaB äMAKOCTM Ha 

nepnTeKTMMecKOM ropn30HTajin CL cooTBeTCTByeT MaKpocKonimecKOMy 

3HaHeHMto C, T.e. CL = C, a 3HaMew4fl nepeMeHHOPi BejiMSMHbi C = CP 

- paBHOBecHOMy cocTaBy nepiiTeianHecKOM cpa3bi. 

TepMOflMHaMMMecKan                 BepoHTHOCTb o6pa30BaHna 

KOHMeHTpaMMOHHbix <J)jnoicryai4MM cocTaBa CP B XOIAKOCTM cocrraBa 
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SBTeKTMKa      V 

CL, onucbiBaeMbix B TepMMHax npoqeccoB poKfleHna - ™6enw, 

CBOflMTca K rayccoBOMy pacnpefleneHMio M onpeflenaeTCH 

CJie,qyK3LMMM Bbipawem-ieM [1]: 

W = (27rCL)°
5 exp [-(CP - CL)2 / (2GL)] (5) 

EcnM 3HaMeHne CP 6JIM3KO K CL, TO W B03pacTaeT M yMecTHO 

npeAnonoweHwe o TOM, MTO >KMflKOCTb xopowo noflroTOBJiena K 

pacnafly. B Hefi Moryr B03HMKaTb aTOMHbie accoMnai4HM 

(fl03apoflbiiiiM) nepiiTeKTMHecKOM cpa3bi c BbicoKoCi creneHbio 

CMMMeTpnn. 3TO npwBOAMT K TOMy, MTO pa3Ae/iwTenbHafi AMqbqby3Mfl 

npn pocTe KpMCTannoB nepirreKTMMecKOM  cpa3bi  ocymecTBrmeTCH  no 

KpaTHäMLLMM   nyTHM;   CKOpOCTb   MX   pOCTa   MO>KeT   OKa3aTbCH   60J1bLU0fi 

(cymecTBeHHo Soribuue CKopocTM pacTBopeHMn nepBMMHbix 

KpwcTannoB)., fla>Ke B ycnoBwax He3HaMMTenbHbix nepeoxjia>KfleHMü 

pacnnaBa HM>Ke Tn. 

AHa/iM3npyfl Bbipa>KeHMe (5), MO>KHO npeAnonoawTb, MTO B 

nepuTeicTUMecKnx CHCTeMax cnnaBOB, r/je pa3HOCTb CP - CL Maria, 

npeMMymecTBeHHoe pa3BMTne nonynuT pa3flenbHaa KpncTannn3ai4Msq 

o>a3, a B nepnTeKTMsecKnx CMCTeMax, rfle CP 3HaMHTe/ibH0 

OTJiMHaeTca OT CL, npeMMymecTBeHHoe pa3BMTiie nonyMMT 

nepnTeKTMHecKan peaKMMs. CicnoHHOCTb cucTeMbi K pa3BHTMto 

nepMTeKTimecKOM peaKquw KasecTBeHHO MO>KHO oijeHMTb c noMOLAbio 

KOHqempaqMOHHoro      KpHTepwa      nepnTeKTunecKoii      peaKLiMM      [2], 

OTpaXOIOIHerO B03MO>KHOCTb KOHKypeHTHOM KpncTannn3ai4MM 

nepnTeKTMHecKOM cpa3bi no paBHOBecHOM fluarpaMMe COCTOHHHA n B 

xoAe pa3fleribH0M KpncTannn3ai4MM 4>a3 

K = (CP-CL)/(CS-CP)^ 1 
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3 B T e KTPtKa     V 

3flecb Cs - paBHOBecHbiM cocTaB nepBMMHOM (pa3bi Ha 

nepnTeKTMHecKOM ropn30HTann. 

ripn K>1 B CMCTeMe B03MO>KHa nepMTeKTMHecKaH peaKLjMa; npw 

K<1 npenMyu4ecTBeHHoe pa3BMTne nonynaeT pa3flenbHa?i 

KpncrannM3aL(Mfl cpa3 [3]. 3HaHeHne K ^ 1 CBfi3aHO c TeM, HTO B 

noflaBJifliomeM 6onbWMHCTBe        flwarpaMM        COCTOHHMH C 

nepMTeKTMHecKMM paBHOBecneM cocTaB CP pacnonoweH Ha 

nepMTeKTMMecKOM ropn30HTann TIM6O 6/IM3KO K cocTasy CE, nn6o 

ÖJ1M3KO K cocTaBy CL. 

O603HaHMM nepe3 

A = -(AF)TV =-^(CP-C0 (6) 

M 6yfleM Ha3biBaTb 3Ty BennnnHy cpoflCTBOM nepuTeKTunecKOM 

peaKL(MM. CpoflCTBO nepMTeKTMMecKOM peaKi4nn aBimerca Mepofl ee 

yflaneHHocTM OT COCTOHHMH paBHOBecua B ycnoBMnx ncsesaioine 

Manbix    nepeoxjiax<fleHMü    pacnnaBa    HMH«    Tn    M    nrpaeT    po/ib 

06o6ll^eHHblX   CM/1,    Bbl3blBaiOIHMX    pa3BMTMe    peaKMMOHHblX    nOTOKOB    B 

cooTBeTCTBMM c paBHOBecHOü fluarpaMMOü cocTOHHMH. KaK cneflyeT 

M3 cpopMyjibi (6), cpoflCTBO nepMTeicTMMecKoPi peaKMMM A B03pacTaeT 

c yBeniiHeHneM pa3HOCTM CP-CL. 

noKaweM B3anMOCB?i3b cpoACTBa  nepMTeKTMMecKOM  peaia^M  A 

c     cooTBeTCTByioLqMMM      noTOKaMM,      onpeflenjiioiuMMM      pa3BMTiie 

nepMTeKTMHeCKOM peaKqMM. B COOTBeTCTBMM C [1] n/lOTHOCTb 

npOM3BOflCTBa    3HTp0nHM    B    3aKpblTOM    CMCTeMe    MO>KHO    3anMCaTb    B 

BMfle: 

cr s -ZjiVCuj/'O + coCA/T) (7) 

AHariM3  Bbipa>KeHMn  (7)  npM T = const noKa3biBaeT,  HTO  a JIMHOMHO 

3aBMCMT    OT    BeilMMMH j ,    M    CO,     KOTOpbie    MO>KHO    CMMTaTb    nOTOKaMM, 
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3 B T e KTHKä     V 

CBH3aHHbiMW       c       Heo6paTMMbiMM        npoqeccaMM        B       xoAe 

nepwTeKTMMecKOii KpMcranjiM3ai4MM. 3Aecb     ro    -    CKopocrb 

nepMTeKTMHecKOM peaKLjMM, onpeAenaeMaa KaK npon3BOflHan BbixoAa 

nepnTeKTMHecKOM   peaKqwn   (s)   no   BpeMeHM.    BejwHMHa a   TaioKe 

JIMHeWHO    SaBMCMT    OT    BenUHMH V((i.j / T)    M (A / T),    KOTOpbie 

MO>KHO   paccMaTpwBaTb   KaK   o6o6uneHHbie   cwjibi   Xk,   Bbi3biBatomne 

3TM  nOTOKM.  TaKMM  o6pa30M, 

a = -2jkX1<> (8) 

ji,A«* = Jj.  .     ..Xj, flM* = -V (nj/T), (9) 

jpeaKH=CO,     ;   .XpeaK4   = A/T, (10) 

CooTHOineHWfi     (9)     Bbipa>KatOT    o6o6meHHbie    cmibi     n     noTOKM, 

CBfl3aHHbie      C      CpOpMHpOBaHHeM      nepMTeKTMHeCKMX      KpMCTa^nOB      B 

npoi^ecce   pa3flenbHOfi    KpnCTannn3ai4Hn cpa3.    GooTHOuueHMH    (10) 

noKa3biBaK)T o6o6meHHbie ewibi M noTOKM, cooTBeTCTByioiAMe 

peann3aqnM nepmeKTMHecKOM peaKqun. 

nocKonbKy       paccMaTpnBaK)TCfl ycnoBHH,        6jiM3Kne       K 

paBHOBeCHblM      B      CUCTeMe,      M30TponHOM      OTHOCMTe/lbHO      CKOpOCTM 

nepMTeKTMMecKOM KpncTannn3ai4iiM, T.e. K KMHeTMnecKOMy pe>KMMy, 

Korfla CKopocTb nepnTetcTMHecKoro npeBpameHM« He JiMMMTupyeTca 

flMCp4)y3Mefi Mepe3 oßonosKy nepnTeicMHecKOM cpa3bi, MO>KHO 

CMMTaTb, HTO npoLjecc MfleT B oönacTM nwHeiiHOCTM Heo6paTHMbix 

npoqeccoB n 3anncaTb: 

jk = ZLk, X, (11) 

MaTpuqa     cpeHOMeHOJiorwMecKMX     Koacpcpi-mMeHTOB  L w B 

cooTBeTCTBMM c cooTHOiiieHMeM B3anMHOCTM OH3arepa CMMMeTpMHHa: 

L kl= L Ik • 
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SBTeKTMKa     V 

AHa/lM3    Bbipa)KeHMM    (10)    M    (11)    nOKa3blBaeT,    MTO    CKOpOCTb 

nepMTeKTMHecKOM        peaiojMH    co nponopqiiOHanbHa        cpoflCTBy 

nepuTeKTMHecKoü peaKi^iiM A. B TOM cnynae, Koraa CP HaMHoro 

6onbiue CL, cymecTBeHHO B03pacTaeT A M cooTBeTCTBeHHO 

B03pacTaeT a . noTOK j peaKL, npeo6naflaeT Hafl noTOKOM j flMCt). npw 

ManoM pa3Hnue CP - CL BennHMHa A He3HaHMTenbHa. B STOM 

cjiynae j flH(J, > j peaKM, n npewMymecTBeHHoe pa3BMTne nonywaeT 

pa3flenbHan  KpncTannM3aqnn cpa3. 

B COOTBeTCTBMM C M3J10>KeHHblMM MOflenbHblMM 

npeflCTaBjieHMflMM ripn KpncTanj-in3ai4w<i pacrmaBOB nepnTemrnMecKkix 

CMCTeM c KpnTepneM nepmeiaMHecKOM peaKi4nn K>1 flo/WHa 

peann30BaTbCfl nepMTeKTHMecKaa peaio<MH, TaK xaK B STMX cucTeMax 

pa3HOCTb CP-CL cyu^ecTBeHHa M OHM ,qon>KHbi o6jiaflaTb 6onbUJMM 

cpOflCTBOM nepMTeKTMMecKOM peaKMMM. B cucTeMax c K<1 pa3HOCTb 

Cp - CL HeBejiMKa. TaKne cMCTeMbi o6jia,qaiOT He3HaHHTenbHbiM 

cpoflCTBOM nepMTeKTimecKOM peaKi^w M npw MX KpncTannn3aqMM 

npeMMyii4ecTBeHHoe      pa3BHTne      MoweT      nonyHMTb      pa3/jenbHafl 

KpHCTanJ1M3aL|MH  cpa3. 

CoScTBeHHbie v\ JiMTepaTypHbie aaHHbie nccne,qoBaHMfi 

MexaHM3Ma Kpvtcrannmau,v\^ BOceMHaflqaTM CMcreM nepHTeicrnHecKnx 

cnnaBOB      CBMfleTenbCTByioT      06      aßeKBaTHOc™      npefl/iaraeMoü 

TepMOflMHaMMMeCKOM   MOfleilM. 
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SBTeKTMKa      V  

ME>Kfly<t>A30BAfl CEfPErAUHfl M HECTA14HOHAPHAH 

3BTEKTHKA B nEPMTEKTMHECKHX CTAJ1HX 

AM. Hu,eHKO, HM. PenuHa, I1JJ. rpyuuKO 

WHCTMTyT sepHOM MeTajinyprw<i HAH YKpanHbi, 

r. flHenponeTpoBCK, YKpaMHa 

KpncTajinn3ai4nyi MHorwx Fe-cnnaBOB npowcxoflUT no 

nepmeKTHMecKOMy MexaHM3My x -HX(6)+ Xocm. ,a(S)+ Xocm -> y, 

Me>Kflyct)a3HbiM   pacnpefleneHMeM KOMnoHeHTOB    x <->a{5),     >K <-> y 

afty    <->    y   M    pa3BMTMeM    XlWKBaqMM    B    JKMAKOCTM    M    TBepflOCpa3HOM 

cerperaquM. cj>a30BbiM Tun KpwcTannn3ai4MM MO>KeT 6biTb nocrojiHHbiM, 

J1kl60       M3MeHHeTCfl       B       CBH3M       C      06pa30BaHMeM       riMKBaMMOHHblX 

(HepaBHOBecHbix) cpa3: x <-> a(S)+ Xocm., a(S) + xocm <-> y + >KnUK., »<nuK 

<-> HO. TaK, B cnnaBe Fe-C-M, npw HM3KoPi K0Hi4eHTpaL(MM C«JW, xocm -^ 

y; npw HM3KOM KOHMeHTpaqwii C M BWCOKOM - M (Ma = CTa6nnn3aTop Fea) 

B03MO>KHO XnuK -> a(6)\   npM  BblCOKOpi  KOHL\eHTpaL(HM   C V\  M    BepOHTeH 

nepexofl OT nepMTeKTMMecKOM K aBTeKTMHecKOM KpncTanjiM3aL(MM: )K„UK -*■ 

y+ K (K - KapöMA Fe, M) wm >KnUK -> a(S)+nd> (f\<t> - MHeTpMeTannnfl Fem 

M„, Fem Mn C). Cerperat^Mfl a{8) +* /no MHTeHCHBHOCTH con3MepiiMa c 

jiMKBaqMePi M MoweT TaK >Ke BnnaTb Ha 4>a30B0-CTpyKTypHbie n3MeHeHMH. 

Mbi        nccneflOBann KpwcTannnsaqMio        yrnepoflMCTbix 

nepnTeKTMnecKHX      cnnaBOB      (Tuna      «OHCTpyKqMOHHbix      cranea), 

jiempoBaHHbix y - MJIM a - CTa6nnn3aT0paMM (M=Mn, Ni, Cu; Ma = Cr, 

Mo, Si, Al, P). npoqecc, B OCHOBHOM, ABycTaAnfiHbifi. Ha nepBOM CTaAMH 

o6pa3yeTCH nepBMMHbm cpeppirr a(S) fleHAPHTHoro cTpoeHun (>K-> a(S)+ 

Xocm), Ha BTopoii - nepnTeKTMMecKnti aycTeHMT    y   Boxpyr M BHyTpn 

fleHAPMTOB, KOTOpbIM paCTÖT B )KMAKOCTb (^focm -> "/) H B CpeppW (a(S) -> 

y), no oßoAKOBOMy MexaHM3My npn Aßyxcpa3HOM Komaicre wly u y/ a{8). 
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SBTeKTMKa      V 

B cnnaßax c Ma=Si, P npw MJC » 1 coxpaHaeTCH MacTKHHbm 

Tpöxcpa3HbiM KOHTaia tvJy/ a(ö). 

KoHL|eHTpaqnfl Mr yBennHMBaeTca B cpasax a($)-> y -> x, 

KOHqeHTpai4nn Ma- y -> a(S) -> x. nosTOMy npw nepHTeKTunecKOM 

KpncTajinn3ai4MM nwKBaL^fl Mr no HanpaBneHwio npflMaa - OT MMHMMyMa 

B ocM  BeTBM flo  MaKCMMyMa  B  Me>KflyBeTBMM.  KoHqeHTpaqMfl  Ma  B 

ayCTeHMTHOM    OÖOflKe   MO>KeT   6blTb    HM>Ke,    HeM    B    OCeBOM   30He    M    B 

Mex^yBeTBMM, a nuKBai^na noaTOMy flBOMHaa. riparian nuKBaLjiifi Mn \A 

flp.   He   BriMJieT   Ha   MexaHM3M   KpHCTajUlM3aL|MM   OCTaTOMHOM   WMflKOCTM 

(>Kocm -> y), noBbiwafl TOJibKO ycTOMMMBOCTb aycTeHMTa, nuKBaqnH Cr, Mo 

Bbi3biBaeT o6pa30BaHne Kap6nflHOM 3BTeicTMKM (xocm -> y + K), a 

■nuKBaqwn Si, Al, P - o6pa30BaHne MHTepMeTannnflHbix SBTeicrwK ()KnuK -> 

y + FemSi (Al)n Cx, xnui<. -> y + Fe3P (Fe2P) unw xnuK -> xnuK. ' + a(ö) , 

X/WK.     '    ->    +    a(S)    +    Fe2P    ).     YHaCTKH    3BTeKTI4KM     B    fleHflpMTHblX 

Me>KqyBeTBMax pa3flenbHbi MJIM o6pa3yiOT cnnoniHyK) norpaHMHHyio 

ceTKy. 

JlMKBaqMOHHaH        HeOflHOpOflHOCTb        MO>KeT        COHeTaTbCfl        c 

cerperaqnefi B npoqecce oöoAKOBoro pocia aycreHma. yßenMHeHne B 

HäM KOHqeHTpaqnn Mr noBbituaeT npaMyto jinKBai4HK), a yBenMHeHMe B 

HenpeBpaLqeHHOM   cpeppirre   KOHLieHTpaqnw   Ma   ycmitiBaeT   acpcpeicr 

flBOMHOM JlMKBaqMM. B 3aBMCMMOCTM OT (pa30BOI"0 COCTaBa, CKOpOCTM a(S) 

-> y npeBpameHun M BHyTpncpa30BOM flucpcpy3MM B norpaHMHHOü 30He y 

/a(S) B03M0>KHbl flMHaMMHHbie KOHMeHTpaqMOHHbie M3MeHeHMfl. 3TO 

MO>KeT    BJWflTb Ha    JlOIOJlbHyK)    yCTOMMUBOCTb    OflHOM     WIM    06enX 

KOHTaKTHpyromMx cpa3. PaccMOTpMM, HanpuMep, flBa BapnaHTa 

KOHi4eHTpaqwoHHO-CTpyKTypHbix M3MeHeHHM npw cerperaMMM Ma. 

1. B ycnoBMflx nepepacnpefleneHMH Meway cpa3aMM a(S) <-> y 

CKopocTb flncpcpy3HM Ma B cpeppuTe flocTaTOHHa fljin OTBOfla M36biTKa Ma 
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3 B T e K T M K a   . V 

OT Nie>Kcpa30BOM rpam-mbi w npeflOTBpameHun KOHqeHTpai4MOHHoro nwKa, 

o6ecneqMBan nocTeneHHbiM npMTOK Ma B ocTaTOMHbiM cpeppMT M 

noBbiwaa ero ycTOMHUBOCTb B oceBbix 30Hax fleHflpMTa. nooTOMy B HMX 

rw6o npeBpau^eHne a(S) -> y TopM03MTcn, nn6o o6pa3yeTca 

ManoycTOMMMBbiM     aycTeHMT,     KOTopbiM     npw     oxna>KfleHMM     nerKO 

npeBpaujaeTCfl B cpeppm,     y->6. 

2. CKopocTb OTBOAa Ma HeAOcrraTOHHa f\nn npeflOTBpameHUfi 

HaKormeHna B6JIM3M cppoHTa y/a(S) M o6pa30BaHHH KOHMempaqMOHHoro 

MaKCMMyMa; Be/iMHMHa KOToporo MGweT 3aBwceTb OT CTenenn 

npeBpameHMfl, a nonoweHMe - OT npoflBM>KeHMn cppoHTa, TecHamero 

KOHLieHTpaqilOHHyK)    BOHHy   Ma   OT    nOBepXHOCTM    BeTBM    K    OCM.    npM 

o6pa30BaHMM KOHMeHTpaqMOHHoro nwKa B cnoe cpeppMTa oTflaneHHOM OT 

OCM, ero ycTOMHMBOCTb yBennHMBaeTcn. Torfla B aycTeHMTM3npoBaHHOM 

MaTpnL(e     MoryT     coxpaHsrrbca     ysacTKH     ocTaTOHHoro     cpeppMTa, 

pacnonoweHHbie Bflonb rpaHMUbt a(S) /y, BOKpyr «cepAMeBMHbi» BeTBM: 

MX OKpy>KaeT aycTeHMT nepMTeKTMMecKoro npowcxoKneHMfl, a c 

BHyTpeHHeM cropoHbi pacnonoxreH aycTeHMT, o6pa30BaBiiiMMCn no 

nonMMopo>HOMy MexaHM3My npM oxnaayjeHMM (a(S) -> f, M3 cpeppMTa c 

HeflocTaTOHHO BbicoKOM KOHneHTpaqMeü Ma. B cnnaBax c Si, Si+Cr, P+Si 

M AP- MOX<HO o6Hapy>KMTb cpeppwTHbie Konbi^a B reTeporeHHOM aycreHMTe 

(puc. 1). 

HaMßonee cjiowHaa o6cTaHOBKa, Bepojrmo, B03HMKaeT B 

BbicoKOCpoccpopMCTbix cnnaBax npM pocTe aycTeHMTHoro cnoa M 

cö3AaHMM B norpaHMMrtOM cnoe cpeppMTa ycnoBMM &m o6pa30BaHMH 

BioiiOHeHMM cpoccpMAa (BO3MO>KHO TaioKe - arperaTOB Fe3P-Fe3C). 

B3aMMOAeMCTBMe KOMnneKca «MaTpMqa - BbiAeneHMH» npM 

TeMnepaTypax a(S) -+'y Bbiuje 3BTeKTMHecKOro nMKBMAyca, MOweT 

npMBecTM K noKanbHöMy KOHTaKTHOMy nnaBneHMio a(S) + Fe3P ->K MJIM 

a(8)  +  y +  Fe3P  -> >K.   nocKonbKy  BHyTpMAeHAPHTHoe  nnaBneHMe 
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 3BTBKTHKa     V 

npoMcxoflMT   npM   He3aKOHHeHHOü   KpncTajinM3ai4MM   Me>KqeHflpnTHoii 

JIMKBaqMOHHOM     )KMflKOCTM,     B03MO>KHbl     pa3JTlMHHbie     BapwaHTbl     STOrO 

npoL|ecca. 

PUC. 1 PMC. 2 

1. ripn pocTe nepMTeKTMHecKoro aycTeHMTa BOKpyr cpeppnTa 

wacTMHHO coxpaHaercfl KOHTaicr xly/a(S) M rpaHMMa y/a(S) cooöi^aeTC« c 

>KMflKOCTbio B Me»flyBeTBMflx. 3TO MO>KeT o6/ierHMTb norpaHMHHoe 

noflnnaBJieHMe \A cnocoöCTBOBaTb ero npoflomKeHmo Ha flaHHOM CTaAMM 

npeBpameHMH, c coxpaHeHHeM CBA3M HOBOM M nw<BaMMOHHow HOIAKOC™ 

(puc. 2). 

2. BHyrpeHHee nnaBneHne Ha rpaHMqe y/a(S) HannHaeTcn 

aBTOHOMHO, HO 3aTeM cnnoLUHOCTb aycTeHMTHoro cnoa HapywaeTca n 

ycTaHaB/iMBaeTca KarwrmflpHaa CBH3b «noflKopKOBoä» Me>KqeHflpMTHOM 

>KMflKOCTM. Mopcponoma CTpyKTypw no O6OHM BapnaHTaM cxoflHan. 

rinaBneHne conpoBox<flaeTCH o6pa30BaHneM HOBWX KaHanoB, 

pacTBopeHneM M HapaimiBaHMeM nepeMbineK. ripn ox/ia>KfleHMM OHO 

3aKaHMMBaeTca o6pa30BaHweM ynacTKOB cpoccpwflHOä 3BTeKTMKM BHyTpM 

fleHflpMTHOM BeTBM, M30JlMpOBaHHblX MJ1M COOOLqaiOIJUMXCH C 3BTeKTMK0M B 

Me>KqyBeTBMflx. 

3. npoqecc nxiaBneHMa Ha Bcex aTanax 3apo>KfleHMfl M pocia 

>KM,qKOCTM  B 30He  nOflBM)KHOM  rpaHMLJbl  y/a(S)  npOMCXOflMT  npM  nOJIHOM 

OTcyTCTBMM KOHTaicra c HapywHOM «MflKOCTbio. OopMa M pacnonoweHMe 

yMacTKOB 4»occpnflHOM 3BTeKTMKii, BnnoTb flo OCM BeTBM, onpeflermioTcyi 
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SBieKTKKa     V 

ycnoBMAMM ee Apefapa npn nepeMeinem-iM cppoma npeBpameHun M 

npocpmieM 3Toro cppom-a (puc. 3,4). 

puc. 3 

TaKMM      o6pa30M, 

nepnTeKtWHecKoro     Tuna 

puc. 4 

B      nepBMHHOfi      dpyicrype      cTanew 

B03MO>KHbi      atpcpeicrbi      TBepflO(|3ä3HOrO 

nepepacripeflejieHMfl 3/ieMeHTOB M TBepflOpacTBopHOM cerperaquM. 

Pe3ynbtaTOM atoro B onpeflenöHHbix KOHqeHTpaMMOHHbix M 

TepMOKMHeTMMeCKMX yCJIOBMHX MO)KeT 6blTb BHyTpMKpMCTarmHHecKoe 

rmaBnemie B nepBMHHbix cpeppmHbix fleHApMTax ripn a(5) -> y 

npeBpameHMM, c o6pa30BaHneM noABMWHoro cnon xwflKOc™ 

3BTeKTMHeckoro cociaBa BHyrpw AeHflpMTOB Hapnfly c nnKBai4H0HH0M 

>KMAKOCTbK) B Me>«AyBeTBMflX. 

©A.H. nqeHKO, H.H. PenuHa, n.fl. rpyuiKO, 2000r. 
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SBTeKTMKa      V 

B3AHMOCBfl3b nEPHTEKTWHECKOrO M SBTEKTHHECKOTO 

nPEBPAlHEHMM B TEnJlOCTOMKHX CTATlflX 

E.n.KanuHyuiKUH, B.B.KoeaneHKO 

HaqHOHanbHafl MeTannyproHecKan AKafleMnn yKpawHbi, 

r.flHenponeTpoBCK, yKpaMHa 

CTpyicrypa OTJIMBOK M3 TennocTOMKMX cra/ieü 3aBMCMT OT MHorwx 

TepMOKMHeTMHecKMx cpaicropoB onpeflenatoinHX yc/iOBMfl 3aTBepfleBaHna 

3TMX CTaneM. 

B noflaBJifliouL(eM öonbiiinHCTBe , cnynaeB 3aTBepfleBaHne 

paccMaTpuBaeMbix craned npoMCxoflm no cneflyroineü cxeivie. Ha 

nepBOM 3Tane KpncTannn3ai4MM npoMcxoflWT BbifleneHne KpwcTannoB 8- 

cpeppirra. nocneflyiomee npeBpameHMe 5-cpeppnTa M >KMflKOCTM B 

aycTeHMT nponcxoflHT c BbicoKHMM CKopocTHMM M coripoBO>KqaeTCfl Ha 

nepBOfi CTaflMM o6pa30BaHneM pa3BeTB.neHHöro npepbiBucTÖro oöoflKa 

aycTeHMTa Ha rpaHMqe 8-cpeppnT / >KMflKOCTb, 3aTeM cpopMMpoBaHMeM Ha 

Me>KCpa3HOM rpaHMqe pa3,qena 5-cpeppnT / aycreHMT TOHKOM npocnoPiKM 

>KMflKOM cpa3bi , coo6matomeficn c ocHOBHbiM ee Koni/inecTBOM 

nocpeflcf BOM KaHanoB. Ranee npowoxoflHf o6pa30BaHne pa3BeTBneHHOM 

fleHflpMTHOM cTpyiaypbi nepnTeKTMnecKoro aycrreHHTa. HeorbeMneMOM 

nepTOM nepHTeKTunecKOM peaia^H B KccneflyeMbix cranax inneren 

Hanmue HenpepbiBHoi* npocnoMKM WMRKOM cpa3bi Ha rpaHnqe 5-cpeppnT / 

aycT6HMT. CKopocTb M creneHb 3aBepweHHOCTM nepirreicrwHecKoro 

npeBpau^eHMfl 3aBncnT OT XMMnnecKoro cocraBa CTanw (KoniwecTBa 

o>eppnTO- M aycTeHMT0CTa6wnn3aT0p0B), TeMnepaTypbi HarpeBa cram 

nepefl KpncTannn3ai4neii ( CTeneHM roMoreHHOc™ OLJK 6rm>KHero 

nopaflKa pacn/iaBa), CKopocTM oxjia>KfleHMfl npw KpMCTannM3aqnM. 

ripu M3MeHeHMM CKopocTM oxjiawfleHiia npn KpMCTanjiM3aMnn 

TeuinepaTypHbiM MHTepBan nepHTeiaimecKoro npeBpameHwa 

HaKnaflbiBaeTCH Ha TeNtnepaTypHbm MHTepBan aBTeicriiHecKoro, TaKMM 
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SBTeKTMKa      V 

o6pa30M, cKOpocTb M 3aBepuieHH0CTb nepMTeiaMMecKOM peaKi4MM 

HenocpeACTBeHHO  BJiMaeT  Ha  o6i>eM  M   Mopcfconorwio  3BTeiai<mecK0M 

COCTaBJ1HK>meM. nPM BblCOKOM COflepXOHMM 

aycTeHMTOCTa6MJiM3MpyH3innx aneiwieHTOB B cram 4X5MOA CTeneHb 

3aBepiueHH0CTM nepnTeKTMHecKOM peäKMWM npn KBa3MpaBHOBecHOM 

3aTBepfleBäHMM BbicoKa (6nn3Ka K 100 %) M SBTeKTWHecKoe npeBpau^eHwe 

B >KMAKOcpa3Hbix npociiofiKax M KaHanax, o6pa30BaBLuwxcn B pe3ynbTaTe 

nepMTeKTMMecKOM peaKmiw, ocyu^ecTBnneTcn c o6pa30BaHneM TOHKOTO 

koHrnoMepaia dpas. Pa3BeTBneHHbiM cppoHT KpMCTannn3aMHM aycieHUTa 

M cooTBeTCTBeHHO flucnepcHOCTb aBTeicTMMecKMX Kap6nflOB cnoco6cTByeT 

o6pa30BaHMio OflHopoflHOM CTpyicrypbi. YcKOpeHMe npoqecca 

KpncTaxinn3ai4MM dann 4X5M0CA cnocoöcTByeT noflBneHwto B 

fcTpytcrype   ocraTOHHoro      b-(peppnra.   TawM   o6pa30M,   M3MeHeHMe 

CKOpOCTM     KpMCTajlJ1M3aqMM     CnOC06CTByeT    M3MeHeHMH5    COOTHOliieHMfl 

66"beMOB cpa3, ynacTByKsmux B nepnTeiai<mecKOM npeBpameHwi. B 

HäujeM cnynae 3a cmeT o6pa3öBäHHH 6onee pa3BeTBJieHHoro cfjpoHTa 

KpMCTannM3ai4WM yBenMMUBaeTCfl Heo6xofliiMbiM fljia peann3annn 

peakMMM oöiieM »wflKoro pacrmaBa, npn 3TOM o6mee KonunecTBO 

>KMflKOM cpa3bi c MSMeHemieM CKopoc™ oxna>KqeHMfl npw 3aTBepfleBaHnn 

M3MeH«eTCfl He3HaHHTenbHO. 

flnn CTanew Tuna 3X3M3 npw HanMHMii 6onbLuero KontwecTBa 

cpeppnTOCTa6nnn3aTopoB xapaicrepHO o6pa30BaHne SBTeKTHKM Ha 6a3e 

Kap6nfla Mo2C. ycKopeHHoe oxna>KAeHne B MHTepBane nepnTeKTMsecKOM 

peaKqMM cnocoöcTByeT pacujvipeHMio ee TeMnepaTypHoro nHTepBana, 

noBbiuieHMto CTeneHM ee 3aBepujeHHOCTM, M3MenbHeHHK) 3epeH n 

yBenuneHMK) o6"beMHoii florin BHyTpuKpMCTannMHecKOM xwflKoc™, 

yMacTByromeM B npeBpameHMW, MTO B CBOK» osepeflb onpeflenaeT 

o6pa30BaHMe 6onee flwcnepcHbix 3BTeKTHHecKMx Kap6nflOB, paBHOMepHO 

pacnpeAenflKDLqMxcfl B MaTpmje, M ct)opMMpoBaHMio 6onee 

nernpoBaHHoro TBepfloro pactBOpa. 
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3 B T e KTMKa     V 

HecMOTpH Ha BjiMflHue CKOPOCTM oxna>«fleHMn Ha KMHeTMKy 

nepuTeKTM^ecKoro npeBpameHun, MexaHM3M peaKquw ocTaeTcn 

Hen3MeHHbiM M 3HaMMTenbHafl 4acTb pacnnaBa OKa3biBaeTcn B oceBbix 

ynacTKax nepBMHHbix 3epeH, cpqpMMpya TOHKwe npocnoMKM w 

cc^epunecKne MHKpoo6nacTM. 3TO OKa3biBaeT 3HaHWTenbHoe BnnnHne Ha 

flMcneprnpoBaHMe   nepBMHHOM   3epeHHOii   cTpyiaypbi.    Pa3BeTBneHne 

>KMflKO(pa3HblX npOCJIOeK M CBfl3aHHOe C 3TMM yMeHbliieHlie MX TOniUMHbl 

6naronpMnTHO BJiMner Ha Mopcponoraio 3a3BTeKTMHecK0fi 

cocTaBnfliou4eM, KOTopaa nacTO cpopMHpyeTca no MexaHM3My TOHKOTO 

KOHmoMepaTa cpa3. 

TaKMM o6pa30M, MO>KHO OTNieTMTb, MTO pacujupeHwe nn6o 

cyweHwe TeMnepaTypHoro MHTepBana nepwTeicTMHecKOM peaKqMW 

Gjiaroflapa B03fleMCTBMio TepMOKWHeTMHecKMX cpaicropoB cnocoöcTByeT 

M3MeHeHMio TeMnepaTypHoro MHTepBana SBTeicnmecKoro npeBpameHna. 

ripn 3TOM B dann 4X5McJ)A npw BWCOKOM CKOPOCTM M y3KOM 

TeMnepaTypHOM MHTepBane nepMTeKTMHecKoro npeBpameHwa MO>KHO 

Ha6/no,qaTb npaKTMsecKoe BbiKnMHMBanne SBTeKTMHecKOfi peaKquM c 

o6pa30BaHMeM B KaHanax TOHKOflMcnepCHOü KBa3M3BTeKTMKM MJIM TOHKoro 

KOHmoMepaTa cpa3. 

©E.n.KamiHywKUH, B.B.KoeaneHKO, 2000r. 
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SBTeKTMKa      V 

BJlMflHME JlErHPOBAHMfl >KEJ1E30M H KHCJlOPOflOM HA 

KMHETHKY H30TEPMHHECKOM KPHCTAJ1J1H3A14HH 

CnJlABA Al - 22%Si 

A.B.Ma3yp 

HaqMOHajibHan MeTannyprMHeeicafl AKafleMM« YKpaHHbi, 

r.flHenponeTpoBCK, WpawHa 

1. BBeAeHMe 

BOCTpeÖOBaHHOCTb MeTajlJIMHeCKMX KOHCTpyKLJMOHHblX 

MaTepnanoB coBpeMeHHOM npoMbiuuieHHOCTbio 3aBMCMT, B nepByio 

onepeflb , OT cooTHOLueHMR ypoBHH MX cny>Ke6Hbix CBOMCTB M 

3KOHOMMMecKMX noKa3aTejrieM npoii3BOflCTBa ■■mpfinvm m STMX 

MaTepwanoB . OnTMManbHaa crpyKTypa cnnaBOB M KOMno3ni4MOHHbix 

MaTepnanoB   oöecneHMBaeT   Heo6xoflMMbiü   ypoBeHb   MX   cny>i<e6Hbix 

CBOMCTB  ,  OflHaKO TeXHOJIOrMHeCKMe npMeMbl  no flOCTMWeHMK) 3aflaHHOM 

CTpyiaypbi no-npex<HeMy ocraiOTCfl BecbMa AoporocTOHiUHMM M , 

3anacTyio , aKononmecKW BpeflHbiMM. B nacTHOCTM, 3a nocneflHMe 15 neT 

HM Ha OflHOM M3 npeflnpMHTMM, npOM3BOflflmMX OTJ1MBKM M3 CMJiyMMHOB M 

ApyrMX cnnaBOB Ha ocHOBe anioMMHMfl (3a MCKntoneHMeM 3aBOfla 

«riopuieHb», r. AriMa-ATa) He 6bin BHeflpeH HOBUM TexHononmecKMii 

npoijecc, KOTopbM 6bi oöecnesMBan ynyniueHMe KasecTBa M3flenMM M 

CHM>xeHwe 6paKa npM oflHOBpeMeHHOM yaeuieBneHMM npoM3BOflCTBa. 

HeKOTopbie 3aBOflbi 0TKa3biBai0Tcn OT npMMeHeHMfl floporocTOflii(MX M 

«flOBMTbix MOflwo>MKaTopoB, HaHOCH ymep6 KanecTBy M3AenwM. 

B TO >Ke BpeMfl HaMeTMJiMCb onpefleneHHbie flocTMweHMH [1] no 

ycneiUHOMy BHeflpeHMio SKOHOMMMHOM TexHonoruM, ocHOBaHHOM Ha 

TeMnepaTypHOM oßpaÖOTKe pacnnaBa. HoBbie TexHonorMHecKMe np^er/ibi 

pa3pa6oTaHbi Ha 6a3e 3aKOHOMepHOCTeü BJiiiaHMa TeMnepaTypbi 

pacnnaBa Ha nepecTpoüKM ynopaflOHeHHbix crpyicryp B >KMAKOM cpa3e M 

3aBMCMMOCTM OT HWX Cpa30BOrO COCTaBa,  MexaHM3Ma  M KMHeTMKM 
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SBTeKTMKa      V 

KpncTannn3aL(MM M TBep,qocpa3Hbix npeBpamewiM. 3TH cpaiaopbi 

onpeflenniOT cny>t<e6Hbie CBOMCTBa OTHMBOK. OcHOBHbie Hay^Hbie 

nono>KeHMfl pa6oTbi noflTBepx<fleHbi He3aBHCMMbiMH MCcneflOBaHnaMM 

[2]. 

B HacTonmefi paöOTe wccneflOBaHO B/iMflHue Han6onee 

pacnpocTpaHeHHbix npMMecew KMCJiopofla M >xene3a Ha ycTOMHMBOCTb 

M36biT0HHbix KpHcraiiJiOB MeTacTa6wibHbix r\- » m -cpa3 u Ha 

nocneflOBaTentHOCTb cpa30Bbix nepexoflOB npn moTepMMqecKOü 

KpncTannn3ai4HM 3a3BTeKTMMecKoro cnnaBa Al-Si. 

,   2. MaiepMaribi M MeTOflMKa 

MaTepnanoM nccneflOBaHHfl cjiy>Kmi ermaß cMcreMbi Al - Si, 

M3roTOBneHHbiPi nyTeM cnnaBJieHWH amoMMHiifl A99 ( TOCT 11069-74 ) v\ 

KpeMHMH ( TOCT 19658-81 ) XMMMHecKMM cocraB cnnaBa ( Mace. % ) : Si 

- 22 ,0 ; Fe< 0, 018; Ti < 0, 001; Cu < 0, 002 ; Zn < 0, 0015 , npoMwe 

npiiMecn <0, 001. 

B KanecTBe nnaBunbHoro arperaia M TepMOCTaTa ncnonb30Bann 

nesM   conpoTMB/ieHun   c   BHyTpeHHMMM   KopnycaMM   m   Mame3MTa 

HUXpOMOBblMM HarpeBaTe/IHMM , M30J1MpOBaHHblMM OT B03flyLUHOM CpeAbl. 

XpoMe/ib-antoMeneBbie TepMonapbi 0 0,2 MM B TOHKMX axiyHflOBbix 

Mexnax 6bmn BioiiOMeHbi B KOHTponbHO-M3MepnTenbHbie npn6opbi, 

MMeioiUMe coßCTBeHHyio norpeujHOCTb M3MepeHWM < 0, 01 %. BpeMeHHoGi 

MHTepBan M3MeHeHMH TeMnepaTypbi pacnnaBa ripn M30TepMWHecKOM 

Bbiflep>KKe n KpncTannn3aMMM x = 4,0 c. 

Twrm BbicoTOM 15 MM , BHyTpeHHMM flMaMexpoM qnnnHflpa 

2,5MM, TOJIIUMHOM CTeHKM 0, 25 MM M3roTOBMnn M3 cneiarpanbHO MMCTOrO 

rpacpMTa. 06pa3qbi MCcneflyeMoro cmiyMUHa noriHOCTbK) 3anoriHfiJiM 

BHyTpeHHue npocTpaHCTBa Turnen, riocjle 3arpy3KM o6pa3i4a ,Ka>Kflbiü 

Twrenb 3aKpb!Bann rpacpMTOBOM KpbiiiJKOM. 

PaßoMefi cpeflow TepMociaTa cnyimn pacnnaB Torowe cocraBa, 

HTO  M  nccneflyeMbiM  ciinyMMH.   Macca  paSc-new  epeflbi  TepMOctaTa 
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npeBOCxoflMJia cyMMapHyio waccy viccneflyeMoro o6pa3i4a, Tumn M 

norpy>KeHHyK) B TepMOCTaT MacTb noflBecKM Turn« 6onee, weM B 100 pa3, 

HTO no3Bonnno MMHMMM3kipoBaTb TennoBbie KoneöaHMfl, B03HMKaiOLHMe 

npw BBefleHMM 6onee ropanero o6pa3Lja B pa6onyio cpefly TepMocTaTa. 

BpeMH tpaHcnopTupoBKM o6pa3ua M3 nenn HananbHoro Harpeßa B 

tepMOdaT, a 3aTeM B 3aKanoHHyio cpefly ( BOfla co nbflOM ) He 

npeBbiuiano 0,5 c. Bbixofl TeMnepaTypbi o6pa3qa npw TpaHcnopTMpOBKe 

na MHTepBana THaM -TH30TepM <*,,«   TSKMM o6pa30M. 6bin iiCKJiKweH. 

BpeMeHHbie MHTepBanbin30TepMi<iHecKMX Bbiflep>KeK Bbi6npann B 

coöTBeTCTBMM c [3] no coo6pa>KeHMaM HawnyHLueM conocraBHMocTM 

pe3yjhbTaTOB. HHTepBanbi Bbiflepwek cocTaBnnnn ( c): 3 ; 5; 7; 15; 20 ; 

37. TeMnepatypHbiM MHTepBan W30TepMMHecKMX Bbiflep>KeK 510 - 750° C, 

mar mMene»m TeMnepaTypbi 10°. HananbHyK) TeMnepaTypy HarpeBa 

pacnnaßa 830 °C Bbi6pann c yneTOM 3aBOflCKOü npoM3BOflCTBeHHOM 

npäKTMKM. CnnaB BbiflepaaiBanw He MeHee 30 MMH npM TewinepaType 

HäMäribHoro HarpeBa c Ljenbio ero TepMOflMHaMnsecKOM cTa6nnM3aL\MM. 

MccheflOBaHMfi MKiKpocTpyicrypbi o6pa3i40B npoBOflMnn no craHflapTHbiM 

MeTOflMKaM Ha onTMnecKOM npnGope «Neophot-32» v\ pacrpoBOM 

aneiapoHHOM MMKpocKone « JSM-35». 

JlernpyKJiuiMe aneMeHTbi BBOflnnn B päcnnaB B BMfle nopoiuKOB. 

npMMeHflrm xnMi/inecKM Hwcroe >Kene30 M Si02 ( B KasecTBe 

KMCnopoflocoflepMOineM nwraTypbi ). nocne nerapoBaHwa 6a30Boro 

CMJiyMMHa nonyHunn flBa cnnaßa c xwMCoeraBOM .OTnunaioiUMMCfl OT 

cocTaBa 6a30Boro cnnaßa : B nepBOM cnynae cnnaB coflep>Kaji 2 Macc.% 

Fe M BO BTOpOM 2 Macc.% 0. 

3 . Pe3ynbTaTbi aKcnepuMeHTa 

npM MCcneflOBaHMM MHKpocTpyiaypbi o6pa3i40B nocne 

i/i30TepMMHecKofi KpncTajiJin3at4MM o6Hapy>KeHbi Te we crpyicrypHbie 

C0CTaBnaK)Li4Me, HTO M B pa6oTe [3], OcraBLuaacfl nocne 

M30TepMMHecKoii    Bbiflep>KKM   HOiflKan   $a3a    He   npeBpawaeTca    B 
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KBa3M3BTeKTMKy, a pacnaflaeTcn Ha orpaHemnbie nepBiiMHtie Kpucrarmbi 

n TOHKOflMC}3cf)epeHMMpoBaHHbie SBTeKTMKM. MopcpoxiorMfl M 06>eMHbie 

AOJiM 3BTeKTMHecKMX cocraBrmiomMX BecbMa pa3nwMaipTcyi B 

3aBMCMM0CTH OT ycnoBMW npMrcrroBJieHMfl o6pa3iiOB. Pa3HMqa B 

ceneHunx 3aicanoHHbix M36biTOHHbix KpHCTaxinoB M , KpwcTajiiiOB 

M30TepMMHecKoro poda flocTurana 8-10 pa3. 3TO no3Bonnno M.eTKO 

MfleHTMCpMMMpoBaTb MX 3apo>KfleHMe B pacnnaBe M onpeflejniiTb 

flnMTenbHOCTb MHKy6aL(MOHHoro nepno^a. TaK we, KaK M B pa6oTe [ 3 ], 

o6Hapy>KeHbi M36biTOHHbie KpMCTannbi Tuna K1, K2 M K3, M3HaHanbHO 

(npM M30TepMMHecKOM Bbiflep>KKe) npeflCTaBJiaBiiiMe co6otf 

MeTacTa6nribHbie     npoMe>KyTOHHbie     cpa3bi     Tuna     cminqnflOB     c 

paCTBOpeHHbIMM   B  HHX  npHMeCHblMH  aTOMaMM   Fe   M   O,   Ha   KOTOpblX  B 

npoqecce oxnax<fleHMfl ccpopMMpOBajwcb Kpuciannbi Si. OHM HBJiaioTCfl 

nceBAOMopcp030M KpeMHMfl no KpMCTannaM 3TMX MeTacTaQn/ibHbix cpa3. 

06Hapy>KeHbi TaioKe M Bee noKa3aHHbie B [ 1 ] MopcponorMHecKMe Tunbi 

nojiMKpMCTannMTOB    M   KOHmoMepaTOB   coBMecTHO   pacTymMX   cpa3. 

KOHTpaCTHblX    pa3J!MHMM    B    MOpCpOJIOrMM    M3ÖblTOHHblX    KpMCTaJlJlOB    M 

nonMKpMCTanriMTOB B o6pa3nax, JierMpoBaHHbix Fe M O, M B 6a30B0M 

cnnaBe He Haö/noflarm. 

B pe3ynbTaTe MCcneflOBaHMfi cnnaBa, nempoBaHHoro 2 Macc.% 

KMcnopofla nocrpoeHa flwarpaMMa M30TepMMHecKOM KpMCTajinM3aqMM - 

PMC.1, cnnouiHbie JIMHMM. 

600 - 

m - 
PMC.1 flwarpaMMa 
M30TepMMMeCKO(l . 
KpMCTanJlM3aL(MM 
cnnaBa Al-Si-O. 

0        5        7       ß    T,c 
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riyHKTMpHblMM     JlMHMflMM     HaMeHeHbl     KpMBbie     HaMana     M     OKOHHaHMfl 

KpMCTannn3aij(MM 6a30Boro cnnaBa [1]. BbiLue 730°C, IOK M B cnyMae [ 3 ], 

coxpaHaeTCH >KMflKocpa3Hafl oönacrb, ycTOiiHMBaH BO BceM BpeMeHHOM 

MHTepBane M30TepMHHecKnx BbiAepweK. Hn>Ke 730°C HanMHaeTCH 

HM3KOTeMnepaiypHan oönacrb 3apo>KqeHMfl M pocia nepBMHHbix 

KpMCTannoB MeTacraOMnbHOM cpa3bi. klHKyöaijMOHHbM nepwofl OT 0°C AO 

Hanana 3apowAeHMH TBepfloii cpa3bi no cpaBHeHMK) c HenerapoBaHHbiM 

6a30BbiM cnnaBOM cokpaTuncn c10cflo5c. M36biTOMHbix KpwcTajuiOB 

ß-Si, M30MOpCpHblX nepBMHHbIM KpMCTajinaM 0)-Cpa3bl,  B MCCJieflOBaHHOM 

BpeMeHHOM MHTepBane He HaörKOfla/w. 

B MHTepBane TeMnepaTyp 570-580°C Ha6niOAanM 

OTHOCMTenbHbiM pocT ycTOMMMBOCTM >KMflKOM cpa3bi. nepBbie KpMCTannbi 

r)-cpa3bi 3flecb 3apo»flanMCb sepe3 15 c nocne Hanana M30TepMMHecKOM 

BbiAep>KKM npM 570°C. 

B MHTepBane 570-540°C pe3KO yMeHbiuaeTca 

npoflon>KMTenbHOCTb nepMOfla sapoKfleHMn TBepflOM cpa3bi. HanpMMep, 

npM 550°C nepBMHHbie KpMCTannbi o6pa3yiOTCH y>Ke nepe3 3 c nocne 

HaMana Bbiflep>KKM, B TO BpeMfl, KaK B HenerapoBaHHOM cnnaBe - nepe3 7 

c. B o6pa3qax nocne 3aKanKM B BMfle M36biT0HHbix KpMCTannoB 

o6Hapy>KMnM TonbKO ß-Si M30MOpcpHbiii r)-(pa3e, HO HMrfle He 6bino 

o6Hapy>KeHO M36biTOHHbix KpMCTannoB M30MOpcpHbix co-o>a3e. TaKMM 

o6pa30M, «ocrpoBOK» ycTOMMMBOCTM ri-cpa3bi B HenerMpoBaHHOM 

6a30BOM cnnaBe npeßpaTMncn B nonHOMacwTa6HyK> o6nacTb npM 

nerMpoBaHMM cnnaBa 2 Macc.% O, npM STOM nonHOCTbio noaaBnanocb 

3apo>KqeHMe KOHKyp^pytomefi MeTacTa6MnbHOM w-o))a3bi. 

l~lpM 530°C onnTb yBenMMMBanacb ycroMHMBOCTb >KMAKOM cpa3bi, 

nocne 20 c M30TepMMHecKOM Bbiflep>KKM o6Hapy>KMBanM CBMfleTenbCTBa 

OAHOBpeMeHHoro 3apo>«AeHMn M öypHoro pocTa nepBMMHbix KpMCTannoB 
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M     KOonepaTMBHO     pacTymux     KpMCTannwTOB     3BTeicTMMecKoro     M 

nepMTeKTMHecKoro reHe3nca. 

TaKMM    o6pa30M,    B    ermäße,    jierwpoBaHHOM    KMcnopoflOM, 

nepBOHananbHO HarpeTOM flo 830°C, B wmepBajrie 750-510°C 3a BpeM* 

flo    37    c    BKniOHHTenbHO    npowcxoflHT    cne,qyioinwe    npoijeccbi 

M30TepMMHecKMx npeBpamemiM: 

750 — 730° C: >K ->>K ycTo&MHBan 

720 - 590° C: >K Han. -> >K +r\~ 

580 - 570° C: >KHaM. -> >K nowiaycr. -> >K + Tl 

560 - 530° C : >K Ha4-> >K + r\ H> >K + rj + a + (-q *'d)'a -> 

>k•'+' ii + a + (a+ß ) ,"4a+ ß+ (a + ß ) 3 + ( a + AlFeSi) 3f 

•"-'"■" npii  WccjieflOBäHMM  crirtaBai  JierMpÖBäHHöro  2  Mace  %  Fe, 

npöi}kcc ctpyKTypöo6pä^ÖBäHMH ^ BbiAepwKäx TäioKe 

MMeri cyojiecTBeHHbie OTHMMMJI öf hßöLjecca B 6a30BOM crinaBe - pwc.2. 

<^> 

£.* 

6DÖ   - 

S50 
Pwc.2 fluarpaMMa 
M30TepMMHeCKOti 
KpMCTanJ1M3aL(HM 
cnnaBa Al-Si-Fe. 

V, G 

ripn TeMnepaTypax H30TepMMMecKMX Bbiflepwex OT 750 flo 700°C 

>KMflKaa cpa3a ycTOMHWBO cyu^ecTBOBana BO BceM wccneflOBaHHOM 

BpeMeHHOM MHTepBane. nepBbie w36biTOHHbie KpMCTannbi ß-Si B 

3aKaneHHbix oöpasqax, yKa3biBaK)mne nonowemie nepBMMHbix 

KpMcrannoB co-cpa3bi M M30MOpcpHbie MM , noaBmwcb npn ycnoBnax 

M30TepMMMecKOM Bbiflepxow: 700°C, 37 c Co cmweHweM TeMnepaTypu 
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BbiflepwKM MHKy6ai4MOHHbiü nepuofl 3apo>KqeHMfl co- KpMcrannoB Bbicrpo 

yMeHbujaeTCfl w npn 580°C nepBMHHbie KpMcrannbi co-cpa3bi 

o6Hapy>KMBanM y>Ke Mepe3 5 c nocne Hanana Bbiflep>KKM. B 6a30BOM 

cnnaBe B TeMnepaTypHOM MHTepBane 750-580°C Han6onee paHHwe 

co-KpMcrannbi noHBnanMCb nepe3 7 c npw 580°C. TaKMM o6pa30M, npw 

nernpoBaHMM MHKyGaqMOHHbiM nepwofl yMeHbLuaeTC«. 

B MHTepBane 580-570°C ycTOUHMBOCTb >KMAKOM $a3bi B03pocna, 

nepBMHHbie KpucTanxibi co-cpa3bi 3apo>^qanMCb nocne 15 c Bbiflep>KKM. B 

MHTepBane 560-540°C nHKy6ai4MOHHbiü nepviofl 3apo>KfleHMfl co-cpa3bi 

onnTb coKpaTMnca flo 5 c npw 550°C. npw 530°C ycTOMMMBOCTb >KMAKOCTM 

onnTb B03pocna. Mepe3 37 c M30TepMMHecKo(i Bbiflep>KKM npn STOM 

TeMnepaType Ha6nioAanM cneflbi oAHOBpeMeHHoro 3apo>«AeHMH M 

6ypHoro po'cra nepBMHHbix KpwcTannoB M KpHcranriMTOB coBMecTHO 

pacTymMX cpa3. 

B OTJiMHwe OT cuTyaqMH B cnnaBe, nenopoBaHHOM KucnopoflOM, B 

cnnaBe, nempOBaHHOM >xene30M, He nponcxoflVirio nonHoe noflasneHMe 

o6pa30BaHHfi nepBMHHbix KpwcrannoB OCHOBHOM KOHKypwpyioLAefi 

MeTacraßMnbHOM r|-cpa3bi, oflHaKO fljiMTeribHOCTb MHKyöaqMOHHoro 

nepMOAa flo Hanana 3apo>KqeHMa rj-KpHCTannoB no cpaBHeHMio c 

npoqeccoM B 6a30BOM HenerapoBaHHOM cnnaBe B03pocna. TaK npw 

6ÖÖ°C MHKyßaMMOHHbiM nepMOfl f\nn r\ yBenMMMncfl OT 7 c flo 20 c, npn 

550°C - OT 5 C flO 1 5 C COOTBeTCTBeHHO. 

TaKMM o6pa30M, B cnnaBe, nempOBaHHOM 2 Macc.% Fe, 

nepBOHananbHO HarpeTOM flo 830°C , B MHTepBane TeMnepaTyp 

750-510°C npw M30TepMMMecKMX Bbiflep>KKax OT 3 c flo 37 c 

BKniOHMTenbHO npoMCXOAflT cneAywo^Me npoqeccbi n30TepMMHecKMX 

peaKMMM : 

750 - 700 °C : /K^M "~^ *K ycroRmiBa!i 

700 - 680 °C': >K «, -> >K + co 

148 
©Eutectica-V 



SBTeKTMKa     V 

680 - 590 °C : >K „an -> >K + (ö -)• >K + co + TJ 

580 - 570 °C : >K HaM -> >K n0Bb,uj ycr. ->■ >K + co-> >K + co + r\ 

560 - 530 °C: >K Ha^-+ >K + co + r|-»>K + r| + (cü + *n)3 

PMC.3 fluarpawiMa 
M30TepMMHeCKOiÜ 
KpncTa^nn3aL(HM 
cnnaBa AI-22Si. 

4. 06cy>KqeHMe pe3ynbTaTOB 3Kcnepi/iMemra 

MeTacTa6nDbHbie 4>a3bi, o6pa3yioiniiecfl nepBbiMM B npoqecce 

KpMCTannn3ai4MM cnnaBa, coaepwaT HeKOTopoe KoriMMecTBO aneMem-a - 

CTa6nnM3aTopa, 6e3 KOToporo MX TepMOfltiHaMtmecKaa ycTOMHMBOCTb 

BecbMa cylaecTBeHHO cHMwaeTCfl, min He flBnaeTcn flocraTOHHOM nnn 

o6pa30BaHnn nepBWHHbix KpucTarmoB. r|-cpa3a «Brae-rca TBepflbiM 

pacTBopoM KMcnopofla B ciinwqufle, coflepaomeM 18,5 Macc.% Si. 

Cnn/inMaHMT M r\-CMnMU,v\n MOiyr o6pa30BbiBaTb Me>Kay CO6OM 

HenpepbiBHbiM pan TBepflbix pacTBopoB, T.K. MX pemeTKM M30MopcpHbi w 

HMeioT 6nn3Kne napaivieTpbi. 

Q-cpa3a, CTa6miM3npyeMafi npwMecHbiM >xene30M, MMeeT 

reKcaroHanbHyio KpucTannMHecKyio peweTKy. >Kene3oaniOMMHMeBbiM 

CMfiMMMfl Fe3Si2Ali2 (a-cpa3a) M30MopcpeH co-cpa3e [ 4 ]. CneflOBaienbHO, 

Nie>Kfly HMMM TaioKe Mo>KeT pacnonaraTbca HenpepbiBHbiii pa,q TBepflbix 

pacTBopoB, pa3JiM4aiomiixcfl coflepxoHweM Si. 

BpeMfl >KM3HM M CTeneHb MeTacTa6njibHOCTM ri- n co- cpa3 saBi/icjrr 

OT coAep>KaHMfl aneMeHTa - CTa6nnn3aTopa (O um r\- w Fe flna co-cpa3bi) 
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B ermäße. B BbicoKOHMCTbix flBOÜHbix cnnaBax Al—Si STM npöMe>KyTÖHHbie 

cfoa3bi MMeiOT BecbMa Manyio creneHb cTa6nnbHoc™ M 

caMonpoii3BonbHO pacnaflaidTCfl BcrieflCTBMe Manoro cöflepxOHHH 

CTa6nnn3npyibinMX aneMeHTOB. BwcTpoTa caMonpon3BoribHoro pacnaAa 

He no3Bonnjia 3acpHKCnpöBaTb STM cpa3bi B npeflbiflyu^iix paßoTax. 

ripHMaa pemcrpauMH MeTacTaßunbHbix        (J>a3 MeTOflOM 

peHTreHOcpa30Boro aHann3a B pa6oTe [1] M nocne/jyiomMX crana 

B03MO>KHoii ToribKO noc/ie flonycKa B nccneflyeMbie crmaBbi 

flocTaTOHHöro KOJinnecf Ba 3JieMeHtOB-CTa6miM3aTOpoB. 

He Bbi3biBaeT coMHeHMM',- HTO .qaHHbiM pe3ynbTaT MO>KeT Haii™ 

npsiMoe npoMbiuineHHoe npMMeHehwe. HanpuMep, oö-beMHyto flonw 

oxpynHMBaiomew aBTeiaWKM (a+AIFeSi) MO>KHO peryxinpOBaTb 

TexHonorMHecKMMM MeponpMHTMflMM CTa6nnii3at4MH co-cpa3bi nyreM 

BapbupoBaHMfl TeMnepaTypbi HaManbHoro Harpeßa M pa3nnBKn pacn/iaBa 

M ckopocTbio ero oxna>KqeHHH. 
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BJlUflHME JlErHPOBAHHfl A/IK5MMHHEM H 

KAPBHflOOBPA3yKDU4HMH flOBABKAMM HA 3BTEKTHHECKyK> 

KPMCTAJU1M3AUMK) EEJlblX MYr/HOB 

M.O.Mameeeea, r.E.Benaü, B.H.Becna/ibKO, T.A.Coxonoea 

HaMMOHaribHan MeTajifiyprMHecKaa AKafleMnn YKpanHbi 

r. AHenponeTpoBCK, YKpaMHbi 

noBbiLueHne 3Kcn/iyaTaqnoHHbix CBOMCTB M3HOCOCTOMKMX nyryHOB 

Ha npoTfl>KeHMM flrwTe/ibHoro BpeMemi ocTaeTcn aiaryaribHoPi 3aflaMeä. 

BbicoKoe KasecTBO OTJIMBKM oßecneHMBaeTca, B OCHOBHOM, oflHopoflHO- 

CTbio CTpyKTypbi M CBOMCTB MaTpnqbi cnjiaBa, a floßaBKa HHOKynnpyK)- 

mero MOflMCpMKaTOpa amoMMHWH, KaK M3BecTHO, MHMquMpyeT 3apo>Kqe- 

HMe rpacpMTa npw KpncTajinn3aL|MM MyryHa. 

3TH  3aKOHOMepHOCTM   nOflTBep>KfleHbl   KOMnjieKCHbIMM   MCCJieflO- 

BaHMAMM CTpyKTypbi OTTMBOK M3 fl03BTeKTMMecKMx nyryHOB cneflyiomero 

XMMMsecKoro cocTaBa (% no Macce): ymepofl 2,8-2,9; MapraHeq 0,40- 

0,45; KpeMHufi 0,70-0,75; xpowi 0,09-0,10; BaHaflMM 0,29-0,30; P3M 0,25. 

Co,qep>KaHMe anioNMHMfl M ynbTpaflwcnepcHoro nopowKa (Yfln) 

Kap6nfloo6pa3yiOLMero BapbupoBann B MHTepBane: amouvmm OT 2,0 flo 

6,0%; Yfln OT 0 flo 0,1%. B KasecTBe Kap6nfloo6pa3yioinero yfln 

ncnonb30Bann Kap6oHHTpnfl wraHa. 

TeMnepaTypHbie napaMeTpbi KpncTannn3aL^MM onbiTHbix nyryHOB 

MCcneflOBa/iM MeTOflOM BbicoKOTeMnepaTypHoro flncpc+jepeHi4nanbHoro 

aHann3a. O6pa60TKa nonyneHHbix flaHHbix noica3ana, MTO 3aBHCMM0CTb 

TeMnepaTypbi Hanana w KOHqa 3BTeKTMHecK0M KpMCTannn3aMWM T3H M T3K 

onMCbiBaeTCfl ypaBHeHMHMw: 

T3H = 1074+14,91 P3M+5,97Mn-30,36Cr-57,62V+60,83TiCN 

T3K = 1057+40,61 P3M+6,79Mn-27,09Cr-51,25V+62,08TiCN 

BiiMaHMe CTeneHM nernpoBaHna Ha MHTepBan Kpwcvannmauyiw 

MMeeT  MeTKO   BbipaweHHbifi   SKCTpeManbHbiM   xapaicrep.   Han6onbiuee 
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BJiMflHwe Ha napaivieTpbi KpncTariJiM3ai4MM 6enoro syryHa 0Ka3biBaeT 

nernpoBaHMe BaHaflneM M Kap6oHHTpnflOM TMTaHa. 

OT MeTa/ina Ka>KAOü nnaBKM 0T6npann o6pa3Ljbi A^m 

MeTannorpacpunecKnx uccneflOBaHnPi. 

MeTamiorpacpMHecKMM aHann3 OTo6paHHbix o6pa3i40B 

CBMAeienbCTByeT, HTO nernpOBaHwe nyryHa arnoMMHweM cnoco6cTByeT 

ocymecTBneHMK) peaKMMM >K —> A + r v\ B CTpyicrype Bcex onbiTHbix 

nxiaBOK Ha6nHDAa/iM o6pa30BaHne BKrironeHMM rpacpMTa (pnc.1 a,6). 

BßeAeHMe B cnnaB Kap6nAoo6pa3yiotAMx VRH npuBOAMT K o6pa- 

30BaHMK) KapßflAHOM 3BTeKTMKM M nOBblUjeHHOMy COAepwaHMK) KapÖMAOB 

B MeTanxiMMecKOM MaipuLie Myryina (pnc.2 a,6). 3BTeKT0MflHbiii pacnaA 

aycfeHMTa p,na Bcex MCcneAyeMbix nnaBOK npoxoAwn, B OCHOBHöM, C 

o6pa30BaHneM nepjiMTa, H nrnub B HeKOTOpbix ysacTKax 3BTeKT0i/iAHbM 

"'?. a 

PMC.1. CTpyicrypa nyryHa c2% aniOMMHMfl (a), 6% aniOMUHMfl (6) 
x100 
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Pnc.2. CTpyirrypa nyryHa c 2% Al M 0,1% Yfln (a); 6% Al n 0,1% yfln (6) 
x100 

PMC.3. Orpyicrypa MyryHa c pa3nnMH0(i CTeneHbio 

XMMMHeCKOM OflHOpOAHOCTM 

x250 
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pacnafl ocymecTBnnncfl no peaKL^wn A —> O + f, KSK no HopwianbHOMy, 

TaK M no aßHopManbHOMy MexaHM3My. 

TaKMM o6pa30M, MeTanjiorpacpMMecKMM aHann3 o6pa3L\OB wccne- 

AyeMbix nyryHOB noKa3an, HTO MMKpocTpyiaypa OTJIMBOK coAepaoiT 

Kap6nflHyio cpa3y, rpacpm, cpeppHT, nepntrr, a TaioKe MenKOflMcnepcHbie 

Kap6nflbi M Kap6oHMTpnflbi nerapytoiUMX M npiiMecHbix oneMem-OB. 

BiiMflHue nerMpyiouJiMX sneMeHTOB Ha MMcno BK/iKweHMM Ha 1 MM (h) MX 

pa3Mep (d) MO>KHO npefldaBHTb ypaBHeHwaMn: 

h s -0,84-11,2Mn-44,1V-1,7Cr+197,95TiCN-5,9P3M (UJT/MM2) 

d =2,4-1,2Mn-3,9V-1,4Cr+29,3TiCN-8,4P3M (MKM) 

OflHaKO KOJiMHecTBeHHoe cooTHomeHMe cpa3 M cTeneHb xuMMsec- 

KOM  OflHOpOflHOCTM   3TMX  Cpa3  pa3nMHHa   (pMC.3).   B  OTHMBKaX  C  HM3KHM 

coflepwaHMeM aniOMMHMa RO 2% KoriMwecTBO KapßnflHofi cpa3bi Be/iHKO M 

cocTaBnneT npwMepHO 50-60%, OHa pacnojiaraeTca B Me>KflyBeTBMHx 

fleHflpnTHbix KpucTannoB aycreHHTa. noBbiiueHMe coAepMOHMn aniOMM- 

HMfl B nyryHe AO 6% npuBOAMT K M3MeHeHHto xapaicrepa DHTOM crpyK- 

Typbi: CHM>KaeTCfi KoriMHecTBO Kap6nAHOM cpa3bi AO 35-40% M yMeHbiua- 

eTCfi pa3Mep ee BKruoneHnPi, pacnonoweHHe KOTopbix cTaHOBMTca 6onee 

paBHOMepHbiM. AHanM3 MMKpocTpyicrypbi o6pa3LjOB CBMAeienbCTByeT o 

TOM, 4T0 K MOMeHTy Havana 3BTei<TOMAHoro pacnaAa aycTeHMT XMMM- 

secKM HeoAHopoAeH. M3-3a cw/ibHofi nuKBaqwM, no-BMAMMOMy, aniOMM- 

HMfl, npoAyKTbi ero pacnaAa MoryT MMeTb pa3rwHHoe crpoeHMe: nepnm 

MO>KeT coAep>KaTb ueMeHTMT (Fe3C) MHM cno>KHbM Kap6nA Tuna Fe3AICx. 

TaKoe pa3nnHwe B MHKpocTpyiaype nyryHa nccneAyeMbix nnaBOK AOH- 

>KHO 0Ka3biBaTb BnnaHwe,  KaK Ha OöIAMM ypoBeHb CBOMCTB MeTanna 

OTJIMBOK,  TaK  M   Ha  ypOBeHb   CBOÜCTB   OTAenbHblX  CTpyKTypHblX  COCTaB- 

na\Oüsy\x. 
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fleficTBMTejibHO npw noBbimeHMM coflepwaHiia aniOMMHMn c 2 flo 

6% MMKpoTBepflocTb npoflyicroB pacna/ja aycTeHMTa noBbiuiaeTCfl 6onee 

seM Ha 20%, HTO MoweT 6biTb CBJwaHO c nepepacnpefleneHMeM 

ocHOBHbix M npMMecHbix 3neMeHT0B B aycTeHMTe. 

floßaBKa Kap6nflOo6pa3yioi4MX Yfln cnoco6cTByeT noBbiweHmo 

MMKpOTBepflocTn KaK Kap6nflHOM cpa3bi, TaK M OBTeiaoMfla npiiMepHO Ha 

10-15%. 

nonyqeHHbie aaHHbie xopowo comacyioTCfl c pe3y/ibTaTaMM 

MMKpocTpyKTypHoro aHann3a w no3BonniOT cqenaTb BbiBOfl, MTO 

M3MeHeHne pacnpefleneHna cpopMbi M pa3MepoB Kap6nflHoti cpa3bi B 

omuBKax c noBbiuueHHbiM coflepx<aHMeM a/itoMMHua (6%) 6jiaronpnHTHO 

BJinaeT Ha CBOMCTBa nyryHa: coxpaHfta flocrraTOHHo BbicoKnw o6ii|Mä 

ypoBeHb MexaHMMecKwx xapaKTepucTMK, B nacTHOCTM MMKpoTBepflocTM, 

CBOMCTBa OTflenbHblX CTpyKTypHblX COCTaBJIfltOLMMX BblpaBHMBaiOTCfl. 

© M.O.Mameeeea, r.E.Eenaü, B.H.EecnanbKO, T.A.CoKonoea, 2000r. 
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MOflEJIHPOBAHHE POCTA KPUCTAJIJIOB B OMEHb Y3KMX 

KAHAJ1AX 

A.M. Oepywuü, \AT. PacuH 

flHenponeTpOBCKMPi rocym-iBepcmeT 

r.flHenponeTpoBCK, yKpanHa. 

H3BeCTH0,   HTO   MOpCpOJIOrMfl   3BTeKTMHeCKMX   K0J10HMM   CBH3aHa   C 

4>opMaMM pocTa nepBKMHbix kpucTannoB. ComacHO npaBuny flweKCOHa 

Xam-a[1], perynapHaa CTpylaypa o6pa3yeTCfl, ecnw ana oflHOM m cpa3 

xapaicrepHa rpaHrtaa cpopuia pocia, a fljia flpyroPi - OKpymaa. OflHaKO 

SbiBaiOT cnynan, Korfla flBe cpa3bi c rpaHHOü cpopMOPi pocia nepBMMHbix 

KpMCTajinoB o6pa3yK)T perynnpHbie 3BT6KTMKM BMecTo CTpyicrypbi rpy6oro 

KOHmoMepaTa [2]. TpaHHan cpopMa pocTa MO>KeT 6biTb yrepaHa npn 

yBennHeHMM nepecbimeHwa BcneflCTBwe pa3BMTna KUHeTHsecKOü 

LuepoxoBaTOCTM [3]. H3BecTHO Tax >Ke, HTO rpaHHaa cpopMa MO>KeT 

nepewTM B oKpyrnyio npn yMeHbLueHMM TOJiLMMHbi KpucTanxia, T.e. 

BcneflCTBkie BnnaHne pa3MepHoro cpaicropa [4,5]. 

Pe3yribTäTbi MOfleniipoBaHnn pocTa 3KCTpeManbH0 Maxibix 

KpHCTannoB MeTOAOM Mome-Kapno [6] cBMfleTe/ibCTByiOT o Ba>KHOM 

poiin w pa3MepHoro cpaicropa, M KMHeTMHecKofi uuepoxoeaTOCTM. HeM 

MeHbiiie pa3Mep KpMCTanna, Tewi 6onbwe cflBM>KKa rn66ca -TowcoHa, 

Heo6xoAMMan flna oßecneHeHnn ero paBHOBecwa c OKpywaiomew 

cpeflOM. B CBA3M c yBennHeHMeM nepecbiuieHMfl pacTeT aTOMHaa 

LuepoxoBaTOCTb noBepxHOCTM pa3Aena n B pe3yjibTaTe noriyrpaHHaa 

cpopMa craHOBMTca Bee 6onee OKpymoii. 

Mbi npoBefiM MoHTe-Kapno MOflennpoBaHMe pocTa KpMCTannOB B 

KaHanax c pasjivwHbiMw ceseHiiäMM. ; Hcno.rib30Ba.ncfl cTaHAäpTHbw 

MeTOfl MOflenupoBaHun KpwcTannoB Koccena. PaccMaTpMBanwcb KaHanu 

c pa3MepoM  ceneHMfl  80x80 M 40X160 (B atoMHbix eflMHMuax).  Ha 
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pa3Niepbi Kpudanna B HanpaBneHMW pocia He HaKnaflbiBanocb 

orpaHimeHMM. 

no pe3ynb'TaTaM MOflennpOBaHMfl paccMMTbißänvicb npocpmin 

ncmepxHOCTM KpMCTannoB, ycpeflHeHHbie 3a oneHb 6onbLuoe KonnMecTBO 

MKKnoB cneTa. Ha pncym<e 1 noKa3aHO ceseHkie «paBHOBecHoro» 

KpucTajina (npM oneHb Manow CKOPOCTM pocia) B kaHane C KBaflpaTHbiM 

ceMeHkieM (3HTponnn ruiaBneHMH AH/RTnjl=5.8, rfle AH- MonnpHaa 

TennoTa rmaBneHMn, R - ra30Ban nocTOAHHaa). Ha pMcyHKe 2 noi<a3aHa 

«paBHOBecHan» cpopwia B npaivioyronbHOM KaHane (fljiMHHoe ceneHiie). 

XoTfl nnouL(aAM ceseHMii KaHanoB oflMHaKOBbi, B nepBOM cnyMae MMeeT 

MecTo nonyrpaHHan cpopMa pocra, BO BTOPOM - oKpyrnan. Bo BTOPOM 

cnynae ToMCOHOBCKaa CABHMOO OTHOCHTenbHoro nepecbimeHM« (CM. 

noflnncM K pwcymoM), Bbinie nacTOTbi npncoeflHHeHH5i M OTpbma aTOMOB, 

Bbiuie M KMHeTMHecKaa wepoxoBaTOCTb. 

ripn MOflennpoBaHMM, TaK >Ke KaK w B SKcnepwMeHTax, 

Ha6nK)flanocb yBennneHwe OTHOCHTenbHoro pa3Mepa rpaHM npw 

HeSonbiiiOM yBennMeHnn nepecbimeHwa (pocTe KpucTanna). Boxibiue 

Toro, OTMenanocb nofiBneHwe rpaHU npn TervinepaType, npeBbiwaiomeM 

M3BecTHbie OLjeHKM Ann TOHKM pa3ynopflflOHMBaK)ii(ero nepexo,qa, 

nonyHeHHbie MetoflOM MoHte-Kapno. 

Pnc. 1 CeseHMe «paBHOBecHoro» KpHcra/ina B KaHane 80x80 

AH/RTnn = 6, a = 0.055 
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PMC. 2 CeMeHne «paBHOBecHoro» KpucTanna B xaHane 40x160 

AB/RTnn =6, CT=0.066 

PMC.3 BepxHue 4 nnocKOCTM Kpwcrranna B KaHane 80x80 

AWRTm =5.3, a=0.046 

ComacHO pacneTaM B.B. BopoHKcma, paBHOBecHan rpaHb B flBa 

pa3a npeBbiuuaeT pa3Mep cpjiyKTywpyiomero Ha Hew KpHTunecKoro 

3apoAbiiiia. OKa3anocb, HTO cpnyKTyai^MM 3apoflbiuja oneHb cwnbHO 

BJIMHIOT Ha ycpeflHneMbie npocpunw B6HM3M TOHKH nepexo/ja. Arm 6onee 

TOHHoro onpefleneHMH ycnoBMM nepexofla OT   nonyrpaHHOw K OKpymoü 

(popMe flnn pa3Hbix AH/RTnn   onpeflennriMCb 3aBncnMOCTM pa3Mepa 

rpaHM   M   pa3Mepa   KpnTunecKoro   3apoAbiiua   OT   nepecbimeHwa.   3a 
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paBHcmecHbiM pa3Mep rpaHM npuHMMann Ta«0M, npn KOTOPOM OH B 2 pa3a 

npeBbiiuan pa3Mep KpnTiiHecKoro 3apoflbiiua. Ha puc. 3 noi<a3aHbi 

neTbipe BepxHMe aTOMHbie nnocKOc™ KpwcTanna, BKinoHaa flByMepHbifi 

3apoflbiuj (6enbm), flrm cnynafl pocTa c Manoii CKopocTbio, Korfla 

pa3Mep rpaHM HeMHoro 6onbuie paBHOBecHoro. yBejivmeHne rpaHM 

Ha6nioflaeTcji jiiiiub flo HeKOToporo nepecbimeHun, noTOM rpaHb 

HaHMHaeT yMeHbwaTbCH, HTO CBH3aHo c pa3BMTneM KHHeTunecKoPi 

LuepoxoBaTOCTM. «PaBHOBecHbiw» pa3Mep rpaHM, M pa3Mep KpMTWHecKoro 

3apoflbiuia yMeHbwaiOTCfl npM yMeHbiueHMM AJrHRTn,,. AnnpOKCMMau,MH 

3aBMCMM0CTM pa3Mepa KpMTMHecKoro 3apoAbiLua OT AH/RTnn K pa3Mepy 

flByMepHoro itnacTepa c paöoTOM o6pa30BaHMfl nopyiflKa KT no3BOJiM.no 

yTOHHMTb TOHky pasynopflflo^MBaioi^ero'  riepexofla: ■   /jrm  KpMCTanna 

80x80 AH/RTnjl =5.3±0.1 

TaKMM o6pa30M, paBHOBecHa« cpopMa TOHKMX KpMcrajinoB - 

nonyrpaHHan. HeM MeHbuie amponMH nnaBneHMa, TeM MeHbiue pa3Mep 

rpaHM   na   paBHOBecHOM   cpoprvte.    Pa3MepHbiM   acpcpeia   cBH3aH   c 

pa3BMTMeM    KMHeTMHeCKOM    UjepOXOBaTOCTM,     HO    B    T0>Ke    BpeMfl     3T0 

«paBHOBecHaa» luepoxoBaTOCTb (KpMCTann He pacreT). M3MeHeHMe 

pa3Mepa KpMCTanna M cpopMbi Me>KCpa3Hbix rpaHMq npM yBenMneHMM 

nepecbimeHMH MOweT BflMflTb Ha Mopcponon-iK) 3BTeimiHecKMX KOJIOHMM. 

1. K.A. Jakson,  I.D.  Hunt.  Trans metallurgical society of AIME.- 
1966.- V. 236.- P.1129-1142. 

2. V.V. Podolinsky, Yu.N. Taran and V.G. Drykin. J. Crystal growth.- 
1989.-V. 96.- P. 445-449 

3. M.  Elvenspock,  P.  Benema,  J.P.  van  der Eerden.  J.  Crystal 
growth.-1987.- V. 83.- P. 297-311 

4. A. M. OBpyqKMM, B. B. rioflonMHCKMM. POCT KpMCTanoB.- T. 11.- M: 
HayKa.-1975.- C. 293-298. 
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UNIDIRECTIONAL SOLIDIFICATION OF AL-SI EUTECTIC       , 

Edward Guzik;Dariusz Kopycifiski       ,, ■-. ^ ' 

Faculty of Foundry Engineering, University of Mining and Metallurgy 

Poland, 30-059 Krakow, Reymonta 23 

The papier presents results of the research op unidirectional 

crystallization of a(AI)-Si alloys. Relation between interlamellar spacing X 

and growth rate v has been established by the use the Bridgman type 

device for unidirectional crystallization. It has been observed that the 

increase on growth rate v results in the decrease of value of parameter X. 

The shape of the crystallization face of a(AI)-Si eutectic and the 

protrusion of a(AI) by the leading crystal Si are also presented. 

In order to achieve the assumed aim a specialized device for 

unidirectional crystallization of Bridgman type with vertical temperature 

gradient has been assembled. The method is based, roughly speaking, on 

melting of entire volume of metal in a form and subsequently on 

continuous pulling the form out of the furnace into the cooling medium. 

The device for unidirectional crystallization consists of electrical 

resistance furnace, cooler and drive mechanism. In addition it is equipped 

with the freezer of samples and the microprocessor that stabilizes the 

high temperature with accuracy up to 2 °C and assures required speed 

range of crucible with liquid metal movement in the furnace. 

During the unidirectional crystallization the speed of the sample 

translation was in the range of v = 2.78 10"5 -f 1.81 10"3 cm/s, what was - 

in first approximation- equivalent to the eutectic growth rate. The 

measurements of the temperature distribution in the specimen enabled a 

determination Of the temperature gradient in molten metal just before the 

solid liquid interface (solidification front). The temperature gradient in the 

liquid at the solidification front G equals 105 K/cm. 

Due to the unidirectional crystallization of Al-Si eutectic alloy and 

«freezing» of solidification front what was shown in Fig.1a,b. Results of 
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metallographic   quantitative   analysis,    interlamellar   spacing   X   and 

protrusion of the leading phase / as a function of the growth rate v. 

a) b) 

\>ilfX    '■  ■ 
J1' Iri \\■■■■■■ '<&'\ät -*r'\.      fill    ' AX\    .,   .-Nil.     */ 

v = low 

c) 
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Fig.1. Shapes of solidification front and structure - a,b) and relationship 
between of interlamellar spacing parameters X and I of Al-Si 
eutectic and growth rate v - c) 

Assuming the protrusion / of the faceted phase to the non-faceted type 

phase in the form of relation [1]: 
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m„C0v p      GfBtg0g>| 3    2IU-, .       v |i   (1) Jrr-(n^i)+-VJLJ",+-jJ-(*ep+-Bp)J| 
where: mp-liquid slopes, Co-concentration difference («length») of eutectic 

tie-line, r - Gibbs-Thomson coefficient, 0-wetting angle, f-volume 

fraction, m-weighted liquidus slope, n'.P-function of volume fraction, D- 

diffusion coefficient in liquid 

This parameters has been calculated for Al-Si (Fig. 1c). On the 

basis of observations of the frozen shape of Al-Si eutectic solidification 

front has been stated that the faceted phase, which, in our case, is 

formed by silicon crystals protrusion second a(AI) wet phase in the 

crystallization process. Faster crystallization results in smaller protrusion 

value of silicon crystals phase a(AI) while phenomenon of «overfreezing» 

or effect - «halo» [2] (Fig. 1b), of one phase on another is observed at 

high speed. It should be noticed that the phenomenon of protrusing of 

non-faceted phase (austenite) by wall phase (graphite) has been clearly 

exposed on the basis of example of irregular graphite eutectic in the Fe-C 

alloy [1]. Also Al-Si alloy protrusion phenomenon of the phase by another 

has been clearly revealed by Major and Rutter [3]. 

Summarising the results, of the modelling of irregular eutectic 

growth and unidirectional solidification of Al-Si eutectics, we can state, 

that a good agreement has been obtained between the theory proposed 

(1) and experimental results. 

REFERENCE 
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DIRECTIONAL SOLIDIFICATION OF GAS-EUTECTIC ALLOYS IN 

CONTROLLED KINETIC CONDITIONS 

J. Wolla 8, C. J.  Paradiesb and L Boyko c 

a) Naval Research Laboratory, Washington, DC, USA 

b) Northrop Grumman Corp., New York, NY, USA 

c) National Metallurgical Academy of Ukraine, Dnepropetrovsk, Ukraine 

(This work relates to Department of the Navy Grant N00014-99-1-4009 

issued by the Office of Naval Research International Field Office - 
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Directional solidification of gas-eutectic alloys has the potential 

for producing unique porous structures. A process for producing porous 

structures from a hydrogen-saturated melt, called GASAR casting [1, 2], 

has been modified to allow directional solidification. Recent experiments 

have shown that highly elongated pores can be cast into an otherwise 

solid structure using controlled GASAR directional solidification. The 

directional solidification rates are much higher, at least hundreds of 

centimeters per hour, than the rates of solidification for coupled eutectic 

growth of solid, two-phase coupled eutectics. The high rate of casting 

makes directional GASARs potentially practicable for production of 

unique structures with elongated pores that can be either continuous or 

discontinuous in the direction of casting. 

During GASAR solidification, the metal atoms arrange 

themselves into an ordered crystal structure. For most metals and their 

alloys, this causes the solubility of gases within the solid to decrease 

compared to the solubility in the liquid phase. A supersaturation develops 

at the solid-melt interface, causing heterogeneous nucleation on the solid 
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phase or at solid inclusions in the melt and subsequent growth of a gas 

bubble. The bubble grows, being confined only by the solid surrounding it. 

Typically the GASAR process uses a pressure vessel to contain 

gases, at least one of which is soluble in a molten metal, the molten 

metal itself, and a mold. After saturating the melt with the soluble gas, the 

molten metal is poured into the mold, where the molten metal is 

solidified. Somewhat elongated pores can be achieved by controlling the 

temperature gradients within the mold, using a means for cooling such as 

a liquid cooled chill, but control over the direction of solidification, rate of 

solidification and temperature gradients within the melt are limited. For 

commercially pure, lightly alloyed or eutectic metals, the underlying 

directionally solidified microstructure at these growth rates is 

predominantly columnar or columnar-dendritic. The gas phase grows as 

pores between the columnar or columnar-dendritic solid, and are defined 

by the shape of the underlying structure. More highly alloyed metals 

solidify with a more dendritic microstructure, resulting in more complex 

pore shapes. Nevertheless, highly elongated pores are possible even in 

these more highly alloyed metals. 

If the bubbles hold fast to the solid, eventually the bubbles will 

become trapped within the solid, creating a porous structure. During 

directional solidification, bubbles generally have a free path for expansion 

in the direction of crystal growth. Therefore, elongated pores are 

common. If the gas bubbles grow at a rate equal to the growth rate of the 

solid, then bubble growth is coupled with the growth of the solid and 

highly elongated pores are possible. The axis of elongation of the bubbles 

is parallel to the direction of heat transfer. If the advancing free surfaces 

of the bubbles do not advance as rapidly as the dendrites or columnar 

crystals, then the gas bubbles will be encircled by solid eventually, 

leaving discontinuous pores. On the other hand, bubbles that advance 

more rapidly than the solid lead to pores that have an  increasing 
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diameter. These bubbles extinguish the growth of neighboring columnar 

dendrites as they grow ahead of the mushy zone. This causes the 

diameter of the pore to increase. Then, the number of hydrogen atoms 

required to extend the pore incrementally in the growth direction 

increases because the incremental volume of the pore is greater (area of 

bubble cross-section x incremental length). Therefore, if the total amount 

of hydrogen available for pore growth remains constant, the distance 

between pores must increase and the mean diffusion distance of 

hydrogen to a pore must increase. This has a stabilizing influence on the 

bubble growth rate because the rate of bubble growth is directly related to 

the mean diffusion distance. Eventually, the rate of advancement of the 

bubble equals the rate of advancement of the dendritic or columnar 

crystals, leading to steady coupled growth. 

The schematic in Fig. 1 shows the gasar processing facility 

modified to enable directional solidification. The furnace consists of two 

main parts: the melt chamber and the module for directional solidification. 

The GASAR furnace was supplied to the Naval Research Laboratory 

(NRL) by the National Metallurgical Academy of Ukraine. Northrop 

Grumman Corporation designed and fabricated the module for directional 

solidification. Final integration of all the components and operation of the 

facility has taken place at NRL. 

The procedure for producing a directionally solidified gasar 

material works as follows. After the charge metal or alloy is placed in the 

crucible, the melt chamber is sealed and a vacuum drawn. The metal is 

heated in an argon-hydrogen mix to a specified temperature, melting the 

metal or alloy. Then, the melt is poured into the mold by rotating the 

entire chamber 90 degrees. The melt passes through a funnel and fills 

the mold located inside the DS furnace, which has two heated zones, an 

insulated zone and a chilled zone. The cylindrical mold is joined to a 

steel adapter that is connected to a stepper motor.   The stepper motor 
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withdraws the mold assembly from the DS furnace at a prescribed rate 

moving the mold through the heated, insulated and   chilled regions. 

1       2    3 

o   ol   6 _Q_ _Q_ _GL JZL 

M' jm 

mm ■Al^L^j 

"D—cr~ö—o    ö     ö    cr 

Fig. 1 - Schematic of the directional solidification furnace. 

1 - Copper jacket: 2 - cooling coil (water cooled); 3 - insulated heating 

zone 1 (75 mm); 4 - steel mold; 5 - insulated heating zone 2 (25 mm); 

6 - insulating layer; 7 - O-ring seal; 8 - copper chill (water cooled); 

9 - adapter to stepper motor 
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A computer process control and data acquisition system is used to control 

the processing facility. Some of the variables that can be controlled are 

pressure of hydrogen and argon inside the chamber, melt and crucible 

temperatures and speed of heating, DS furnace temperatures, and the 

speed and timing of the withdrawal of the filled mold through the DS 

furnace. Thermocouples inside the mold directly measure the 

temperature gradient in the melt throughout solidification. 

All the operations described above can be completed with any 

ratio of inert and soluble gases, as long as the total pressure does not 

exceed 30 MPa. The parameters are user selectable and can be varied 

to examine the effects of each parameter on pore growth in a systematic 

manner. Ail settings and data for each run are stored on the computer for 

subsequent analysis. This facility has allowed the gathering of new 

results about the mechanism of pore nucleation and growth during 

directional solidification in GASAR materials. 
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Directional solidification at controlled rates of migration of the 

solid/liquid interface enables improvements in the microstructure and 

directional properties of binary materials that solidify by a eutectic 

reaction. The materials that form a eutectic through a gas/solid reaction 

are referred to as «gasars.» The solidification process for gasars is 

capable of producing porous solids with controlled longitudinal, cylindrical 

pores that are important for a variety of applications, such filters and heat 

exchanger elements. During the gas-eutectic solidification process, two 

phases - crystalline and gaseous - precipitate from a liquid simultaneously 

[i]! A feature of this reaction is that gas does not have its' own shape and 

occupies space between growing crystals. It is necessary to maintain 

equality of "growth rates for the crystal and gas (bubble) for gasar 

production with longitudinal, cylindrical pores. However, the rates of 

solidification and the partitioning of the gas at the solid/liquid interface, 

the latter controlled by the diffusivity of the gas in the liquid, could differ 

significantly. For example, if the growth rate of gas bubbles exceeds the 

growth rate of directional solidification the cooperative phase formation is 

disrupted, resulting in a random distribution of pores. 
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The purpose of this work was to study the directional solidification 

features of magnesium alloys charged with hydrogen. In particular, the 

goal was to identify and develop the basic technological parameters to 

control the mechanism of gas bubble initiation and growth. A Mg-AI-Zn 

alloy (AZ-31F) was chosen for this study because of its industrial 

importance and the compatibility of this alloy with the gasar process. 

The experiments were carried out using the specialized gasar 

facility located at the Naval Research Laboratory that has been described 

previously [2]. The formation of longitudinal pores during directional 

solidification as a function of the processing parameters such as melt 

temperature, mold furnace temperature, hydrogen partial pressure, speed 

of mold withdrawal from the mold furnace, and total pressure during 

solidification were investigated (fig.1). It was revealed that increasing the 

hydrogen pressure from 0.15 MPa to 0.65 MPa during solidification 

increased porosity and pore density, but the pore structure became more 

ellipsoidal in shape. Increasing the total pressure during solidification up 

to 0.5 MPa resulted in decreased porosity, while pores became more 

elongated. Increasing melt temperature during hydrogen saturation 

resulted in an increase in porosity, but destroyed the cooperative growth 

of gas and solid phases during solidification. Directional solidification of 

metal-gas structure for this alloy is observed in a mold furnace 

temperature interval of 790-820 °C. Variation of the speed of withdrawal 

strongly influenced the final pore structure. It was determined that the 

process of longitudinal pore formation is very sensitive to the processing 

parameters and requires precise control of the variables to obtain a state 

where the speed of solidification equals to speed of bubble growth. The 

best results are obtained in an interval from 3 to 3.5 m/hour. 

Metallographic analyses of the specimens revealed distinct 

microstructural features at the terminal end of the pores (fig.2). These 

variances in microstructure resulting from the solidification of the alloy 

are suspected to contribute to the stoppage of pore growth.     The 
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Fig. 1 Porosity dependence in AZ31-F magnesium alloy on processing 
parameters: a - solidification pressure, Ps; b - partial hydrogen 
pressure^ PH; c - melt temperature, Tm; d - speed of withdrawal 

Fig. 2 Solid crust and small bubble precipitation ahead of the pore at 
the terminal end of the pore, a - 100x; b - 50x 
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mechanism by which this microstructure forms is not clear and requires 

further investigation. However, these results provide insight for 

developing a model for pore growth. 
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3BTEKTMHECKME CnJlABbl HA OCHOBE EOPMflOB 

KD.B.nadepHO, B.H.nadepHO, B.B.&ununnoe 

MHCTMTyT npo6neM MaTepnanoBefleHMn HAH YKpanHbi 

r.KneB, yKpanHa 

B    nocneflHee    BpeMH    MaTepnanoBeflMecKan    HayKa    yflenneT 

ÖOnbLUOe BHMMaHMe C03flaHMIO KOMn03Ml4MOHHblX CMCTeM, B KOTOpblX M0- 

ryT 6biTb peanwaoBaHbi 6onee BbtcoKMe (Jw3MKO-MexaHM>-iecKwe xapax- 

TepHCTOKM, HeM y CpOpMWpytOIHMX HX MHflUBMflyanbHblX KOMnOHeHTOB. 

nepcneKTMBHbiM nyTeM B pa3BHTMH KOMROSMUMOHHOM TexHonornn 

ABrmeTCfl HanpaBneHHaa KpMcranriM3ai4Mfl 3BTeKTMHecKnx cnnaBOB. B 

3TOM cnysae, nocKonbKy dpyiaypa KOMno3MTa (popMnpyeicn "in-situ", 

neM MCKnioMaiOTCH TpyfloeMKne onepaqwM nonyneHMfl BOTIOKOH M 

nocneflytomero BBefleHMH MX B MaTpwqy, TexHonoraMecKUM npoLjecc 

npeACTaB/ifieT CO6OM eflUHyio onepäqwio. 

Oco6biM MHTepec npeAcraBrmiOT KOMno3Mi4MW, B cociaB KOTopbix 

BxoflflT TonbKO HeMeTanriMHecKne BemecrBa, TaK Kan MMCHHO B HMX 

B03MO>KHO        COXpaHeHMe        npOMHOCTHblX       CBOMCTB        npn        BblCOKMX 

TeMnepaTypax 3KcnnyaTai4nw. 

Ana KBa3n6nHäpHbix CMCTeM 6opnflHbix cpa3 peflK03eMenbHbix 

Me'B6 M nepexoAHbix Me"B2 MeiannoB xapaicrepHbi SBTeianMecKHM Tun 

B3aMMOfleMCTBMH M fipaKTMHeCKOe OTCyTCTBMe B38MMH0M paCTBOpMMOCTM 

KOMnOHeHTOB   B  TBepflOM   COCTOflHMM,   HTO   06ecneHMBaeT  CTaÖMJIbHOCTb 

cpa30Boro cocTaBa cnnaBOB n,  cneflOBaTenbHO,  CBOMCTB B LUMPOKOM 

TeMnepaTypHOM flnana30He. 

TaKaa cneuncpMKa B3anM0fleücTBWfi ÖopuAHbix cpa3 Me'B6 M Me"B2 

o6"bflCHneTCfl pa3nMHMflMM B CMMMeTpMM aneicrpoHHbix oöonoMeK d-n f- 

MeTannoB, a cneAOBaTenbHo, M pa3JiMHMHMM B xapaiaepe xMMwnecKOM 

CBH3M M CMMMeTpMM KpMCTannOB COOTBeTCTByK)lAHX cpa3. 
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SBTeKTMMeCKMM    Tkin    B3aHM0fleMCTBMH    3TMX    6opHflHblX    Cpa3    M 

oco6eHHOCTM MX CTpyKTypu o6ecneMnnn B npoqecce coBNiecTHOfi 

KpucTaiijiM3aL4MM o6pa30BaHne flByx B3anMH0 npoHMKaioaiMX TMnoB 

KpMCTannMTOB, npuneM KyÖMHecKaa reKcaßopwflHaa cpa3a 

KpncTajinn3yeTCH B BMfle KpyriHbix KpucTa/inoB, a reKcaroHanbHan 

fln6opnflHa« - B BMfle urojibnaTbix. YcTaHOBneHO, HTO npw coBMecTHOM 

KpncTannM3ai4MM 3TMX cpa3 npoHBrmeTca 3aKOHOMepHOCTb, nofloöHafl 

npMHquny opweHTaqMOHHoro M pa3MepHoro cooTBeTCTBun, oflHaKO 

peann3yK)LnafiCH He B OTHomeHwn napaMeTpoB crrpyicryp o6enx <pa3 B 

MenoM, KaK STO oöbiHHO MMeeT MecTO B cnynae MeTannnnecKHx CMCTeM, 

a TonbKO B OTHoaieHMM cy6cTpyicrypHbix 3/ieMeHTOB m aTOMOB 6opa. 

ripil KOMnneKCHOM 3/ieiapOHHO - MMKpOCKOnklHeCKOM 

nccneflOBaHMM 6bino ycraHOBneHO, HTO B npoi4ecce HanpaBJieHHOH 

KpncTanjiM3annM pacrmaBa CMecw cpa3 Me'B6-Me"B2 creneHb 

coBepuieHCTBa CTpyicrypbi B OCHOBHOM onpeflenneTcn KaK cociaBOM 

MaTepnana, TaK M ycnoBMaMM Kpucrannmanym. Bo Bcex cnynaflx 

qbopMMpyeTca MaTpusHan (B npeflene MOHOKpwcTanrmHecKaa) cpa3a 

reKcaöopufla P3M, B KOTopow paBHOMepHO pacnpefleneHbi, Taione 

MOHOKpHcranjiMHecKne, BoriOKHa fln6opwflHOM cpa3bi. OpueHTamia 

BonoKOH cooTBeTCTByeT HanpaBneHMto TennooTBOfla. Pa3Mepbi BOJIOKOH 

06bl4H0 COCTaBnniOT 0,4-0,6 MKM B flwaMeTpe npM OTHOWeHM<1 flJIMHbl  K 

flMaMeipy He MeHee 500-1000, HTO BnonHe cooTBeTCTByeT KpMTepuflM 

0nTMMM3ai4MM MexaHMHeCKMX CBOMCTB apMMpOBaHHblX KOMn03MTOB. 

ycTaHOBneHO,   HTO   peryrmpHOCTb   CTpyiaypbi   KOMno3ni4iiOHHbix 

MaTepManoB Ha ocHOBe 6opnflOB cymecTBeHHO 3aBMCMT OT CTeneHM 

OTKTIOHeHMfl   OT   OBTeKTMHeCKOrO   COCTaBa.   STO   n03BOnneT   A0CT8T0HH0 

neTKO onpeflennTb sBTeicrwHecKiiM cocTaB wsynaeMbix CMCTeM. 

YcTaHOBneHO Ha  npwMepe nceBflOcrmaBOB cwcreMbi  LaB6-ZrB2 

cymecTBOBaHne      npaKTunecKn     nwHeüHOü     3aBMCMM0CTM      Me>Kqy 
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. KonMHecTBOM   BonoKOH   apMHpyiomeii   6opnAHofi   qbasbi   B   1   CM    M 

CKOpOCTbtO KpncTajinM3aqnn. 

noBepxHocTb pa3pyiueHMfl pa3pa6oiaHHbix caMoapMnpoBaHHbix 

KOMno3MLinoHHbix MaTepMajioB xapaKTepM3yeTCH HannwHeM KSK cneflOB 

BbipbiBa, TaK M  BbicTynaKDinMX 0Tpe3K0B  BonoKOH.  PacnpocTpaHeHne 

TpeiUMHbl npOMCXOflWT C MHOrOHMCJieHHblMM CMemeHMHMW BflOHb 

BOnOKOH, HTO HanOMMHaeT        TMnMHHblÜ "flpeBeCHblM" M3J10M. 

B3aMMOfleMCTBMe    (JjpOHTa    TpeUUMHbl    C    flMCnepCHbIMM     HMTeBMflHbIMM 

KpucTannaMM conpoBO>KqaeTCfl BbiTnrMBaHneM BonoKHa M3 MaTpnqbi, npw 

3TOM oöecnennBaeTCfl MX CTporo oflHOOCHoe HanpaweHHoe cocToaHMe. 

TaKOM xapaiaep pa3pyuieHMfl Tpe6yeT AononHMTejibHbix aHepreTMsecKHX 

3aipaT M «BJifleTcn npusuHOM 3HaHMTeribHoro noBbiweHMH 

TpemnHOCTOMKOCTM M npoHHOCTM MaTepwanoB. 

KpoMe Toro, MOHOKpncTa^nnMecKne fln6opnflHbte BonoKHa, 

o6naAaK>inne BbicoKofi cTeneHbK) coBepiueHCTBa peanbHoü CTpyiaypbi 

M, cneflOBaTenbHO, noBbiiueHHOM npoHHOCTbio Ha pacraweHMe, HTO 

noATBep>KqaeTcn, B nacTHOCTM, HannmieM "tueüKu" B MecTe pa3pbiBa 

BOJIOKOH,   BHOCHT flOnOJlHMTenbHblM   BKJiafl   B   nOBblLUeHMe   npOHHOCTHblX 

xapaicrepucTHK pa3pa6oTaHHbix KOMno3Mi4noHHbix MaTepwanoB. 

MexaHMHecKne CBOücTBa KOMno3MTOB 3HaMMTeribHO npeBOCxoflsiT 

aHanoriiMHbie xapaKTepucTMKM MHflUBMflyajibHbix qba3. MaTepnanbi, 

cooTBeTCTByWLMue SBTeKTMsecKOMy cocTaßy, oßjiaAaiOT Han6onbLUHMH 

3HaHeHMnMM      npOMHOCTHblX      CBOMCTB:      MX      3Cp$eiCTMBHa51      Bfl3KOCTb 

pa3pynieHMn (K1c) cocTaBiiaeT AO 25 MH/M3/2, npeAen npoHHOCTM npn 

M3rn6e - 1000-1200 MRa, OHM oönaAaiOT BbicoKOM TepMOCTOMKOCTbK), 

HTO    n03BOnneT    BbMTM     Ha     KaseCTBeHHO     HOBbM     ypOBeHb' CBOMCTB, 

HeoSxoAMMbiM Ann MX npMMeHeHMn B KanecTBe BbicoKOTeMnepaTypHbix 

cpyHKUMOHanbHbix M KOHCTpyKMMOHHbix MaTepvianoB. 

PerynapHaa CTpykrypa Hapn\Of\aeTcn M B MaTepwanax, B KOTopbix 

AwöopMAHan   4>a3a   cqbopMMppBaHa   Hä<- ocHOBe   B3aMMHbix  TBepAbix 
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pacTBopoB flußopuflOB MeiannoB IV rpynnbi nepnoflMHecKow cucTeMbi 

aneMeHTOB. MHTepecHO oTMeTMTb, MTO B STMX cnysanx CTeneHb 

coBepujeHCTBa CTpyiaypbi M, cneflOBaienbHO, MexaHMMecKwe CBoficTBa 

He T8K MyBCTBMTejIbHbl K ManbIM M3MeHeHMflM COCTaBa KOMn03MqMM K8K B 

cnyMae MHflMBMflyanbHbix fln6opnflOB, HTO CBH3aHO c pacmnpeHMeM 

o6nacTefi cymecTBOBaHwa 3BTeKTHKH B MHoroKOMnoHeHTHbix CMCTeMax. 

MccjreflOBaHne crpyicrypbi KOMno3nqiiM Ha ocHOBe SopuflHbix cpa3 

flpyrax peflKoaeMenbHbix MeTannoB noica3ajio, MTO, HanpwMep, B 

3BTeKTMMecKnx cucreMax Ha ocHOBe reKcaGopufla eBponwa c 

fluöopuflaMH mipKOHMfl M raqbHMfl cpopMMpyeTCfl aHa/ioraHHaa 

BonoKHMCTan CTpyiaypa. 

TaKMM o6pa30M, nonyneHkie MaTepna/iOB Ha ocHOBe reKca- 

6opnflOB peflK03eMejibHbix MeTannoB nyreM HanpaßneHHOü KpwcTa/i- 

nn3ai4MM cnnaBOB SBTeicTMHecKoro codaBa c Mcnojib30BaHneM B Kanecr- 

Be apMMpyioinero KOMnoHeHTa fln6opnflOB nepexoflHbix MeTa/i/ioB no3- 

BOJ1MJ10 CCpOpMMpOBaTb HOBbM KJiaCC KOMn03MI4MOHHblX CaMOapMM- 

pOBaHHblX KepaMMHeCKMX,  B HaCTHOCTM,  3CpCpeKTMBHblX TepM03MMCCM0H- 

Hbix MaTepnanoB, OT/wMaiOLUMxcH noBbiiueHHOM TepMOCTOÜKOCTbio. 

Pa3pa6oTaHHaa TexHonorwa M ncnonb30BaHHoe oöopyflOBaHMe 

no3BonnriM nonynaTb HanpaBxieHHO-3aKpncTannn30BaHHbie BODOKHMCTO- 

ynpoHHeHHbie crepwHM 3BTeKTMMecKMx 6opn,qHbix KOMno3mjiiM Kpymoro 

min OBanbHoro ceneHMa fluaMeipoM flo 14-16 MM M A/IMHOM AO 150-200 

MM.     OflHOpOflHOCTb     CTpyKTypbl     M     BblCOKaH     npOHHOCTb     C03flaHHblX 

MaTepiianoB no3BonnioT M3roTOBrmTb M3 HMX H3flenna Manoro 

nonepeHHoro ceMeHiia (OT 0.2 MM2 npw Tonu^MHe He 6ojiee 0.2 MM) M 

60J1bW0M     flJIMHbl      (flO      80      -      100      MM),      KOTOpbie      MOryT      6blTb 

HenocpeflCTBeHHO ncnonb30BaHbi B ycTpoücTBax cospeMeHHoPi 

BbicoKOTeMnepaTypHOM    TexHMKM    B    «aMecTBe    cpyHKi4H0HanbHbix    M 

KOHCTpyKl4MOHHblX 3JieMeHT0B. 

© tO.B.riadepHo, B.H.riadepHO, B.B.Qununnoe, 2000r. 
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MOflHOMMMPOBAHME CIIJIABOB HA OCHOBE AJllOMHHHfl 

B.3.Kyu,oea 

Hai4M0HanbHan MeTa/inyprnHecKan AKafleMMn YKpanHbi 

r.flHenponeTpoBCK, YKpawHa 

O63op coBpeMeHHbix TeopMM MOflncpni4npoBaHM5H cnnaBOB Ha 

ocHOBe aniOMMHMfi noKa3an, HTO MexaHM3M 3Toro «BneHMfl flo CMX nop 

ocraeTCfi flMCKyccMOHHbiM. HecMOTpa Ha o6Mnne ranoTe3, HM oflHa M3 

HMX He flaeT qenbHOM KapTMHbi, \Ar\n\ocTpv\py)oii\ev\ MHoroo6pa3ne 

aenenm, HaßnioflaeMbix npn MOAMCpuMnpoBaHnn cnnaBOB Ha ocHOBe 

ajiiOMMHMfl, KaK JweMHbix, TaK M flecpopMMpyeMbix, XOTH B KaxqjoM H3 

HMX ecTb paqMOHanbHoe 3epHO. OTcyTCTBMe eflMHoro noflxofla K 

npoqeccy   MOflwcpuqupOBaHMfl  aecbivia   3aTpyflHneT  npomo3npoBaHne 

HOBblX   CnjiaBOB    M    BblßOp   flJIfl    HMX   3CpCpeKTMBHblX   MOflMCpMKaTOpOB. 

fleTajibHoe nccneflOBaHMe 3aKOHOMepHOCTeä CTpyicrypoo6pa30BaHMfl M 

cpa30Bbix npeBpameHMM B cunyMUHax w flecpopMMpyeMbix cnnaBax Ha 

ocHOBe antOMMHMfl flo M nocne MOflMCpMqMpoBaHMfl no3BoriMJio 

BbipaßOTaTb O6LMMM noflxofl K npOLjeccy MOflMCpMqMpoBaHMH STMX 

cnjiaBOB c eflMHbix no3Mi4MM CPM3MKO-XMMMH6CKMX OCHOB pai^MOHanbHoro 

nerMpOBaHMfl. 3TO npeflnonaraeT yneT ocoöeHHOCTeü a/ieicrpoHHoro 

CTpoeHMfl cnnaBOB M ero M3MeHeHMPi B npoqecce MOflwcpMLjMpoBaHMH, a 

TaioKe BbiflenaeT cpaiaop pacTBopMMOCTM aneMeHTa-MOflMCpMKaTopa B 

cpa3ax cn/iaBa KaK OAMH M3 onpeflenaiomMx B STOM npoLjecce. 

npM MOflM(pMi4MpoBaHMM cMfiyMMHOB BbiflBneHbi cneflyioiuMe 

3aKOHOMepHOCTM cTpyKTypoo6pa30BaHMH [1-2]: 

• M3MeHeHwe cpopM poda aBTeKTMnecKoro M nepBMMHoro 

KpeMHMeBoro TBepfloro pacTBopa 3a cneT pa3BeTB/ieHMfi BnnoTb flo 

CMnbHO pa3BeTBJieHHbix nnocKorpaHHbix, CKeneTHbix M OKpymbix 

fleHflpMTOB M ccpepOKpMCTannoB; 
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• CMeujeHMe TeMnepaiyp cpa30Bbix paBHcmecMM M npeBpaiu,eHMM C 

coxpaHeHMeM MX nocneflOBaTenbHocTM, npMcyiuefi 

HeMOflncpni4npoBaHHOMy cnnaBy; 

• M3NieHeHne TeMnepaTypHo-KOHqempaqMOHHbix oönacTeM 

cymecTBOBaHUH nonwMopcpHbix MOflncpMKaqMw KpeMHMH BnnoTb flo MX 

BbiK/iMHMBaHMa M CTa6nnn3ai4na npn KOMHaTHOM TeMnepaType cpa3 Ha 

ocHOBe BbicoKOTeMnepaTypHbix MeTa/inn3npOBaHHbix MOflncpMKai4Mü; 

• M3MeHeHue <fca30Boro cocTaßa cnnaBa npw npeBbiuueHnn 

onTMManbHbix KOHqeHTpaqnM MOflwcpMKaTopa, nonBneHne cpa3 Tuna 

AlSiX (X - 3/ieMeHT MOflHcpmoTop). 

C   nOMOLqbK)   MeTOflMKM   CpM3MKO-XMMMHeCKOrO    MOflejIMpOBaHMH 

npoBefleHa KOJiMHecTBeHHaa oqeHKa BrmaHMH MOflMcpMKaTopoB Ha 

Me>KaTOMHoe B3anMo,qeMCTBMe KOMnoHeHTOB B CMCTeMax Al-Si M Al-Si- 

Fe-Mg-Mn, c yneTOM Hen36e>KHoro npwcyTCTBMa B CMdeMe M B peiueTKe 

KpeMHMH     aTOMOB     KMCJIOpOfla.     AHaj1M3     cooTBeTCTByroinnx     napHbix 

B3anMOfleMCTBMM (Si-X, O-X) no3BOJiMn npomo3npoBaTb 

MOflMcpnqHpyioinyK) cnocoÖHOCTb Toro MUM MHOTO sneMem-a flna 

cnnaBOB KOHKpe-moro cocraBa. HaMÖonee scpcpeicniBHbiMM B xawecTBe 

MOflMCpMKaTOpOB     SBTeKTMKM    Al-Si     M     nepBMHHblX KpHCTaJlJIOB     ß-Si 

HB/UHOTCH re sneNiem-bi, KOTopue ooecneHMBawT MMHMManbHyio 

CTeneHb HanpaBneHHocTM napHbix CBH3efi Si-X, O-X M B03MO>KHOCTb 

MeTannM3ai4MM 3a cneT 3Toro CBa3eii B TBepflOM pacTBope Ha ocHOBe 

KpeMHMn (ß-Si). Pe3yribTaTOM MOflMcpMqMpoBaHMH nepBMMHoro M 

3BTeKTMMecKoro   KpeMHMfl   »Bnaercn   pa3BeTBjieHMe   STMX   cpa3   (MX 

M30TpOnHblM   POCT),   BCfieflCTBMe   MeTaj1JlM3ai4MM   CBH3eM   B   KpeMHMeBOM 

TBepflOM pacTBope. Pa3BeTBneHMe KpMCTannoB KpeMHMeBoro TBep,qoro 

paCTBOpa        B        npMCyTCTBMM        MOflMCpMKaTOpOB        npM        OflMHaKOBOM 

nepeoxnax<fleHMM CBfuaHO c pacTBopeHMeM aTOMOB MOflMCpMKaTOpOB B 

peiueTKe TBepfloro pacTBOpa Ha ocHOBe KpeMHMa, cneflCTBMeM KOTOporo 

ABJifleTcn yMeHbiueHMe ASnn, MeTannM3ai4Mn CB$i3eM 3a cneT 

o6pa30BaHM*  nap  Si-X,  O-X,   a  Taioxe  pacaiMpeHMe TeMnepaTypHO- 
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KOHLjeHTpamiOHHoro MHTepBana cymecTBOBaHMH s-TBepfloro pacTBopa Ha 

ocHOBe BbicoKOTeMnepaTypHOM reKcaronanbHOu MOflncpMKaqnn Si, 

BnnoTb flo CTa6nnM3ai4MM ee npn KOMHaTHOÜ TeMnepaType. Bax<HyK) 

ponb B npoi^ecce MOflucpMLinpoBaHMfl KpucTa/inoB KpeMHweBoro 

TBepAoro pacTBopa nrpatoT ra30o6pa3Hbie npwMecn. «Mcnopofl 

npenaTCTByeT pa3BeTBneHHK) KpMCTaruiOB TBepfloro pacTBopa Ha ocHOBe 

KpeMHkm, o6pa3ya B peiueTKe   e-TBepfloro pacTBopa qenoHKM Si-O-Si c 

«PKO    Bbipa>KeHHblMM    HanpaBJieHHblMM    CBH3HMM.    BOflOpOfl,    HanpOTMB, 

CTMMyrmpyeT pa3BeTBneHne KpucTannoB s-TBepfloro pacTBopa, o6pa3ya 

KOMnneKCbi Si-H M O-H, oc/ia6jifieT MHM pa3pywaeT LjenoHKM Si-O-Si M 

pacujupaeT,      KaK      aneMeHTbi-MOflwcpHKaTopbi,      TeMnepaTypHO 

KOHMeHTpaLiMOHHbiM MHTepBan cymecTBOBaHMfl s-TBepfloro pacTBopa. 

dpyicrypa fle^opMwpyeMbix cnnaBOB CMcreM Al-Mg-Si-Cu M Al- 

Cu-Si-Mg cpopMiipyeTCfi B pe3ynbTaTe qenoro pnßa 3BTeKTHMecKMX, 

nepMTeKTMHecKMX M nepMTeKTMK0-3BTeKTMMecKMX npeBpameHMM, KOTopbie 

MMeiOT B 3aBMCMMOCTM OT ycnoBMM oxnax^eHMfl onpefleneHHyio CTeneHb 

3aBepLiieHHOCTM. 

MoflMCpMi^MpOBaHMe flecjDopMnpyeMbix cnnaBOB Ha ocHOBe 

ajiK)MMHna npwBOflMT K cneflyioinMM oco6eHHOCTHM 

CTpyiaypoo6pa30BaHMfl [3,4]: 

- nepBMHHbie KpMCTarmbi a- Al TBepfloro pacTBopa npw BBefleHwn 

aneMeHTOB-MOflncpMKaTOpOB He MeHHioT cfcopMy pocTa u pacTyT B BMfle 

OKpyrnbix fleHflpnTOB c TöM MJIM MHOM CTeneHbiö pä3BeTBrieHH0CTM M 

pa3JiMMHbiM ceseHneM BeTBew; 

- nocneflOBaTenbHOCTb cpa30Bbix npeBpameHMM, xapaiaepHasi Ann 

ncxoflHoro HeMOflncpHMUpOBaHHoro cnnaBa, coxpaHfl.eTCfl, M3MeH»ioTCfl 

jiMiiib    MX   TeMnepaTypHO-KOHt4eHTpau|MOHHbie   oönac™    peänn3ai4Mn 

BnnOTb flO MX BblKJIHHMBaHMfi; 

- npM npeBbiiueHMM onTMManbHbix KOHqeHTpanMM MOflMcpMKaTopa 

noflBrmioTCH cj)a3bi TMna AlmXn M BOcciaHaBJiMBaeTCfi MCxoflHaa 

HeMOflMcpMMMpoBaHHaa CTpyiaypa; 
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- M3MeHfleTCH cpa30Bbifi codaB cnnaßa, Tun H KO/iwnecTBeHHoe 

cooTHOLueHwe MHTepMeTannnflHbix cpa3; 

- Meflbcoflepwamwe MHTepMeTannnflHbie cpa3bi MeHHtOT dpopMy poda 

Ha CMfibHO pa3BeTBneHHyK) oxpyrnyio, o6pa3yn TOHKO 

fliicpdpepeHUMpoBaHHbfe 3BTeianKM, JIM6O pacnonaraioTCfl B BMfle 

npocnoeK B Me>«flyBeTBMflx a- Al TBepfloro pacTBopa; 

- >Kene30coflep)KaLL|Me MHTepMeTannnflbi He3HaHMTenbHO pa3BeTBJia- 

K)Tcn, MeHHeTCH MX CTexwoMeTpkin M KonnnecTBeHHoe cooTHOweHMe B 

cn/iaBe; 

- o6pa30BaHue MarHMficoflepxomux cpa3 noflaBrmeTCH; 

AHanomn 3aK0H0MepH0CTeü npoueccoB CTpyKTypoo6pa30BaHMfl 

B nMTewHbix M aecpopMnpyeMbix cnnaBax Ha ocHOBe antOMMHua 

no3BonaeT npeflno>KMTb eflMHbifi MexaHM3M MOflncpMMnpoBaHMfl OTMX 

cnnaBOB, KOTopbifi 6a3npyeTCH Ha npeflCTaB/ieHUflx o pacTBopuMoc™ 

3JieMeHT0B-M0flMCpMKaT0p0B       B       TBepflblX       paCTBOpaX,       M3MeHeHHM 

MemaTOMHorp B3anMOfleMCTBHfl B cnnaBe, B pe3ynbTaie o6pa30BaHua 

napHbix CBfl3e« n-x (rAe n - KOMnoHem- cnnaßa, x - aneMem-- 

MOflncpMKaTop, HanpuMep A! -X, Si - X, O - X n T.fl.) M, KaK cjieflCTBwe, 

M3MeHeHne TeivinepaTyp cpa30Bbix paBHOBecnü M npeBpaineHww M 

pa3BeTBneHiie KptiCTajinoB TBepflbix pacTBopoB M wHTepMeTannnflOB. 
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H3MEJlbHEHHE 3EPHA CnJIABOB CMCTEMbl AL-SI 

K. B. MuxaneHKoe u ft. 0. <-lepHeea 

HaqiiOHäxibHbiM TexHMnecKMü YHMBepcuTeT YKpawHbi 

r.'kue'ö, YKpawHa 

CnnaBbi Ha ocHOBe cucTewbi Al-Si f\ertf»ojca ocHOBHbiMM 

MaTepuanäMM npM no/iyneHHW OTJIHBöK H3 anioMMHUJi M KOMMepneckoe 

3HaMeHne STOü rpynnbi MaTepnanoB IIOCTOHHHO B03paCTaeT. OflHaico, H3- 

3a npMcyTCTBMH B CTpyiaype cnnyMMHOB cpaBHMTenbHo 6onbiuoro 

o6beMHoro coflepxoHM* xpynKOü KpeMHweBOM 9BTeKTHKM, nnacTMMHOCTb 

3TMX cn^aBOB fiBnaeTcn HeBbicoKOM (OTHOCHTexibHoe yflnwHeHne Ha 

ypoBHe 3-5%). 

H3BecTHO, MTO floßaBKa Na win Sr B floaBTeicTHMecKne cnnaBbi 

CMCTeMbi Al-Si npMBOflMT K nosBneHMio acpc^eicra MOflncJjuqMpoBaHMfl T.e. 

M3MeHeHMfl Mopcponomn SBTeKTMHecKoro KpeMHwa. TaK, BBeAeHMe 0.01% 

Sr B cnnaB AI-7%Si no3BonaeT «apfliiHanbHbiM o6pa30M M3MeHMTb ero 

ctpyicrypy, npMflaB KpeMHweBofi aBTeicrMKe rnoeynapHbiw BMA, HTO 

nonwKMTenbHo CKa3biBaeTCH Ha 3HaneHMflx OTHOCMTenbHoro yflnwHeHMH 

MaTepMana. 

Cyii4ecTByeT eme pHfl 4>aicropoB, KOTopue HenocpeflCTBeHHbiM 

o6pa30M BriM«iOT Ha CTpyKTypoo6pa30BaHne MeTanna. B nepByio 

onepeflb, aro ero CKopocTb oxria^eHMfl. yBenwneHMe CKOpocTw 

KpncTannn3aMMn 3a cneT flononHMTenbHoro oxna>«fleHMfl cpopMbi 

coKpati^aeT     BpeMn     flna     pocra     SBTeKTMHecKHX - KOHOHMM     M, 

COOTBeTCTBeHHO, npMBOflMT K CjlOpMMpOBaHMIO .HaCTWHHO 

mo6yJWpM3MpOBaHHOM   3BTeKTMKM.   YMeHbtUMTb   BpeMfl   3aTBepfl6BaHMfl 

Meianna BO3MO>KHO M flpyrMM nyjeM . - BBefleHMeM B 

npeflKpMCTannM3aqMOHHbiM nepMOfl MHOKynwpytoi^MX floöaBOK, KOTopbie 

önaroflapa npMcyrcTBMio B MX CTpyiaype ywe noflroTOBneHHbix noflnoweK 

flJlfl       3apO>KfleHMfl       fleHflPMTOB       a-Cpa3bl       yBe/lMHMBaiOT       CKOpOCTb 
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KpncTannn3ai4Mii. OcHOBbieaacb Ha TaKOM npeflnonoxreHHW, aBTopaMM 

6bino BbinojiHeHO MccneflOBaHne B/innHun pa3riMHHbix 

3epHOM3MenbMaK)mwx ßoöaeoK Ha Mopcponoraio KpeMHweBofi SBTeiaMKM 

M pa3Mep 3epHa a-cpa3bi cnnaBa AI-7% Si-0.35% Mg. B KawecTBe 

M3MenbHHTejie(i 3epHa 6binw ncnonb30BaHbi: (i)-flBOPiHaa nwraTypa Al- 

6%Ti M Ti, BBefleHHbiii M3 cpTopTWTaHaTa Kanwa; (ii)-TpoMHbie nnraTypbi 

AITi5B1 M AITiCO.1; (iii)-cpTOpi4npKOHaT Kanwa; (iV)-MexaHMMecKne CMecu 

coneü K2TiF6+K2ZrFe <CMecb1) M conn K2ZrF6 c MacTMUiaMU TiCN (cMecb 

2) flMcnepcHOCTbK) 0.3-0.6 MKM. 

Pe3ynbTaTbi     STMX    SKcnepviMeHTOB    n3BonaiOT    3aKjiKHwrb 

cneAywinee: 

a). Bee wccneflOBaHHbie jwaTypbi He OKa3biBaiOT cywecTBeHHoro 

BJiMflHun HM Ha pa3Mep 3epHa a-cpa3bi, HM Ha cpopMy nnacrMH 

KpeMHMeBOM aBTeKTMKM. BßefleHMe flBOMHOü n^raTypbi AI-6% Ti M 

TPOMHOM AITi5C0.1 npaKTMHecKn He OKa3biBaeT HMKaKoro BnMflHMj) Ha 

pa3Mep MaKpo3epHa cnnaBa. 3TOT noKa3aiejib M3MeHfleTcn OT 2530 MKM 

Ann MCxoflHoro MeTanna AO 2380 MKM nocne BBOfla 6 Kr/T nwraTypbi Al-Ti 

min flo 2150 MKM nocne flo6aBKM nuraTypbi c KapßnflOM mraHa. 

Mopcponorna KpeMHMeBOM aBTeKTMKM TaioKe ocraeTCH 6e3 n3MeHeHMM, 

HTO xapaKTepn3yeTCfl 3HaseHMHMM cpaicropa cpopMbi, KOTopbifi paBeH 8.5 

Ana HcxoflHoro cnnaBa M HecKonbKO CHMwaeTca nocne flo6aBKn oflHoPt 

M3 3TMX nwraTyp flo ypoBHa 6.5. JlnraTypa AITi5B1 OKa3biBaeT 6onee 

ootyTMMoe BnnjiHue Ha pa3Mep MaKpo3epHa cnnaBa, cHM>Kan ero flo 1900 

MKM nocne BBOfla 4.5 Kr/T. flpn STOM Mopcponorna aBTeKTMKM ocraeTca 

npaKTMHecKM Hen3MeHHOfi. MexaHMnecKne cBOMCTBa cnnaBa - ab M 8, 

cooTBeTCTBeHHO CTpyKType, M3MeHfliOTCfi He3HaHMtenbH0. nocne 

BBefleHMH 4.5 Kr/T nuraTypbi AITi5B1 ab cnnaBa HaxoflMnocb Ha ypoBHe 

292 Mna, HTO OTnnHaeTcn OT ncxoflHoro MeTanna Bcero Ha 5MI1a. TaKaa 

pa3HMi4a He Mo>KeT TpaiaoBaTbCH KaK CKonbKO Hn6yflb 3Ha«HMTenbHoe 
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noBbiiiieHwe npoHHOc™ uieTanna. CxoflHbie pe3ynbTaTbi 6binw nonyneHbi 

M Rnn 5. 

6).BBefleHne B cnnaB conefi MJIM MX CMecew c flwcnepCHbiMM HacTMMaMM 

TiCN npuBOflMT K 3Ha«HmejibHOMy M3MenbMeHHio 3epeH a-cpa3bi, a B 

HeKOTopbix cnynayix fleMOHCTpupyeT MOflMcpHqHpyioiJUMu acpcpeia, 

nepeBOflfl BbifleneHWH 3BTeKTMHecKoro KpeMHun M3 nnacTUHHaioro B 

mo6ynapHoe. BßefleHKie 50 Kr/T K2TiF6, HTO cooTBeTCTByeT 0.29% Ti B 

MeTanne npMBOflUT K yMeHbweHMio pa3Mepa MaKpo3epHa flo 900 MKM. 

TaKafl o6pa6oTKa npMBOflMT K noBbiweHWO TeMnepaTypbi Hanana 

KpncTannn3ai4MM a-cpa3bi Ha 4-5°C w CBMfleTenbCTByeT o cunbHOM 

3epHCM3MenbHaK)meM scpcpeicre. f1pn STOM TeMnepaiypa saTBepfleBaHMfl 

3BTeKTMKM   ocTaeTca   Ha   ypOBHe   MCxoflHoro   Meianna.   3TM  flaHHbie 

CBMfleTeJlbCTByiOT    O    BblCOKOM    CnOCOÖHOCTM    TMTaHa    K    M3Mej1bMeHMK) 

3epeH a-cpa3bi H H6BO3MO>KHOCTM C ero noMOi^bio noBnmiTb Ha 

MopcpoiiorMK) KpeMHueBOM 3BTeicTMKM. BBefleHiie CMeceii 1 nriM 2 

no3BOJiaeT flocTMHb KOMnneKCHoro acpcpeicra, Korfla Ha6nioflaeTCfl 

CHHbHoe     M3MejibHeHne     3epeH     a-cpa3bi     npw     oflHOBpeMeHHOM 

MOflMCpMMMpOBäHMU 3BTeKTMKM. TaK BBOfl CMeCM 2 B KOHUMeCTBe 25 Kf/T, 

HTO cooTBeTCTByeT coflepwaHMO B MeTanne Ti-0.11% w Zr-0.35%, 

npuBOflMT K noHMweHMK) TeivinepaTypbi 3aTBepfleBaHnn SBTCKTHKM Ha 5- 

6°C. 3TO CBMfleTenbCTByeT o nonBneHMu acpcpeiaa MOflMCpHqupOBaHMa 

SBTeKTMKM.    OflHaKO,    npM    CTOnb    BbirOAHOM    CTpyKTypHOM    COCTOHHUM 

SonbuiMHCTBO o6pa3LjOB, nocne o6pa6ofKM CMecbK) 1 unw 2 noKa3ann 

coBepineHHO HeyflOBneTBopuTenbHbiM ypoBeHb CBOMCTB (HanpuMep ab - 

153 Wina w 5-18%), HTO CBMfleTenbCTByeT o nepecTapuBaHwn MeTanna M 

Bbl3blBaeT     HeOÖXOflMMOCTb     CymeCTBeHHOM     KOppeKTMpOBKH     pe>KMMa 

TepMOo6pa6oTKM cnnaBa. 

© KB. MuxaneHKoe ufl.QMepHeea, 2000r. 
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K BOnPOCy O MEXAHH3ME MOflMOMUMPytOllJlErO 

B03AEMCTBM5J flABJlEHHfl HA CTPYKTypy JIHTblX 

METAJIJIOB H CriJIABOB 

T. n. Bopucoe; A. 1A. CeMeHHeHKo; T. B. Cmacb 

OM3MKO-TeXHOJ10rMHeCKMM MHCTMTyT MeTannoB M crmaBOB 

HAH yKpawHbi, 

r. KneB, YKpanHa 

M3 jiMTepaTypbi M3BecTeH cpaicr M3MenbHeHWfl JIMTOM CTpyicrypbi 

nofl B03fleMCTBneM flaBJieHMfl. OflHaKO flociwaeMbiw acpcfreicr no 

AaHHbiM pa3/iMHHbix aBTopoB cya(ecTBeHHO pa3HMTcn. Bo MHoroM 3TH 

pa3HomacnH Bbi3BaHbi TeM, MTO flaBneHwe B npoqecce cfropMHpoBaHmi 

OTJIMBKM BbicrynaeT B ABOMHOM pojiw: KaK HenocpeflCTBeHHO 

TepMOflMHaMUMecKMM        napaMeTp,        KOHTpo/wpyioinMM        npoqecc 

KpMCTanJ1M3ai4MM, M KaK (}3M3MMeCKMpi CpaKTÖp, KOCBeHHO B03fleMCTByiOL14MM 

Ha  3TOT npoqecc nyTeM  MHTeHCMcfjHKamiii TennooÖMeHa  B  CMCTeMe 

OTJIMBKa-CjjOpMa. 

KojikHecTBeHHaa oi^eHKa flonn Ka>Kqoro m STMX acpcfceicroB B 

KOHeMHOM  M3MenbHeHMM  HMTOM  CTpyicrypbi   npeflCTaB/ineT  CO6OM   He 

TOJIbKO TeOpeTMMeCKMM, HO M npaKTMMeCKMM MHTepeC. OflHaKO BbinOfiHHTb 

TaKyro oMeHKy noKa He yaaBanocb n3-3a OTcyrcTBun MeTOflMKM, 

npsBOjijiiomeM 6onee HUM MeHee MeTKO pa3rpaHMHHTb pojib ynoMHHyTbix 

cpaKTopoB nyreivi MCitnioHeHMa fleücTBWH oflHoro n3 HMX B npoLjecce 

4>opMnpoBaHMfi nMTOM CTpyicrypbi. 

Ana peweHM* STOü 3aflasn 6bma pa3pa6oTaHa MeTOflMKa, 

no3Bonaioinafl peajiM30BaTb «HMCTHM» SKcneptiMeHT AHA oqeHKw poxin 

flaBneHMa KaK TepMOflMHaMMsecKoro cfraKTopa B KpncTannM3ai4M0HH0M 

npoqecce npn 3aTBep,qeBaHiiM OTJIMBOK M3 anioMMHueBbix cnnaBOB B 

ycnoBMflx  coxpaHeHna   I-IOCTOHHHOM   MHTeHciiBHoc™   MX  oxna>KfleHMfl 

He3aBMCHMO OT Be/IMMMHbl   flaBJieHMfl. 
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ilpM 3aTBepfleBaHMM 0TJ1MBKM B JlMTeMHOM CpOpMe MMeeT M6CTO 

nocjieflOBaTenbHoe pa3BMTne npoqecca BcneflCTBue HepaBHOMepHoro 

oxna>KfleHMa  MeTanna  OT  nepMCpepMM  k  Ljem-py.  B  STMX  ycnoBMax 

HeB03MO>KHO       yCTpaHMTb       COnyTCTByiOLMMM       3#4)eKT       B03fleMCTBMJl 

flaBneHMH  Ha   KMHeTMKy  KpncTarrjik(3aqMM   B   pe3ynbTaTe   noBbiuieHwa 

CKOpOCTM     OXTia>KfleHMfl     OTJ1MBKM.     I~l03T0My     BJIMflHUe    flaBJieHMfl     Ha 

c}3opMMpoBaHMe nwTOü CTpyicrypbi M3yMann B ycnoBkmx BcecTopoHHero 

OKaTMH npn ManoM wHTeHCUBHOCTW oxna>xfleHMn onbiTHbix O6XIMBOK Ha 

ycTaHOBKe BbicoKoro ra30Boro flaBneHMn. MccneflOBaHMn npoBOflnnn B 

flnana30He BenwHMH flaBneHwa flo 400Mna. OnbiTHbie OTJIMBKM 020 n 

BbicoTOM 90MM (|)opMMpoBanMCb nyieM oxnax<fleHHfl MeTanna B Turne 

njiaBwnbHoro 6noi<a B ycnOBnax, 6nn3KMX K o6teMHOMy 3aTBep,qeBaHi<ito. 

TeMnepaTypa neperpeßa pacnnaßa B MOMCHT npnnox<eHMfl flaBneHwa 

cocTaBJiHJia 90±5°C. H3MeHeHneM TeMnepaTypbi HarpesaTena 

nnaBMJibHoro 6noKa perynnpoBann TennooTBOfl c noBepxHOcro OTJIMBKM 

M   MCKJIIOHanM   TaKMM   06pa30M   BJIMnHUe   flaBJieHMfl   Ha   MHTeHCMBHOCTb 

oxjia>KqeHMa 3aTBepfleBaiomeM OTJIMBKH. napaNieTpbi CTpyicrypbi 

MeTanna onpeflennriM B npoflonbHOM oceBOM ceneHMw M3roTOBneHHbix 

o6pa3uiOB. 

ycTaHOBneHO, HTO cpeflHHfl nnomaflb ceMeHwn MaKpo3epeH 

OnblTHblX OTJ1MBOK M3 amOMHHMH M cnnaBOB AI-4%Si M AI-4%Cu B 

MCcneflOBaHHOM Anana30He BenuHMH flaßneHnn yMeHbwaeTca B 2,3-2,5 

pa3a. flpw 3TOM xapaiaep 3aBMCHMOCTH pa3Mepa MaKpo3epHa OT 

BennHMHbi flaBneHMH CBMAeTeribCTByeT o TOM, HTO HanMHaa c 200 Mlla 

3CpCpeKTMBH0CTb  B03fleMCTBMJ1 flaBfieHMfl   Ha   nOBbllUeHMe flMCnepCHOCTM 

jiMTOM CTpyKTypbi HenpepbiBHO B03pacTäeT. 

ripunoKeHne flaBneHMfl B ycnoBkiax oflMHaKOBOM 

MHTeHCMBHOCTM oxna>KfleHMfl OTJ1MBOK o6ecnennBaeT TaioKe 

M3MenbHeHwe  MMKpocTpyiaypbi niiToro  MeTanna.  PaccTOflHMe Me>Kqy 

ocflMii BToporo nopyiAKa fleHflpMTOB a-TBepfloro pacTBopa B OTnwBKax M3 
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cnnaea AI-4%Si yMeHbwaeTca B 1,25-1,45 pa3a, a m cnxiaBa AI-4%Cu - 

B 1,42-1,55 pa3a npn HanowemiH flaBnem-iyi 200 M 400 Mlla 

COOTBeTCTBeHHO. B        antOMMHMeBblX        OTJIMBKaX        flucnepCHOCTb 

MMKpocTpyiaypbi B 3TMX ycjiOBMflx B03pacTaeT B 1,22 M 1,35 pa3a. 

Pe3ynbTaTbi flaHHoro MCcneflOBaHwa no3BormiOT CflenaTb BbiBOfl 

o TOM, HTO 6onee 3HaHHTenbH0e B03,qeücTBMe Ha CTpyicrypy OTJIWBOK B 

flnana30He ncnojib3yeMbix B npaKTMKe BermHWH flaBnemie OKasbmaeT B 

pe3ynbTaTe MHTeHCucpuKaqMn TennooTBOfla B CMcreNie ömuBKa-cpopMa. 

TaK, B OTJiMBKax M3 Al-Si cnnaBOB, 3aTBepfleBUJMx npvi HanoweHHM 

flaBneHMfl no cxeMe nwTba nofl HM3KMM flaBneHneM, aHanorMHHoe 

noBbiuieHne flucnepcHOCTM CTpyiaypbi riMToro MeTanna flocTMraeTCfl y>xe 

B flnana30He Be/iwHMH flaBneHun flo 3 Mna. Eine 6onee 3HaMMTejibHoe 

o6naropa>KMBaHMe JIMTOM CTpyiaypbi Ha6jiK),qaeTCfl B cjiyHae 

npnno>KeHMfl K 3aTBepfleBaK)i^eii OTTiMBKe flaBJieHMH B coneTaHMM co 

cflBuroBbiMn Harpy3KaMM. TaK BbicoKaa CKOpocTb oxna>KfleHMfl M 

MHTeHCMBHoe flBM>KeHMe 3aTBepfleBaK)U4ero MeTanna B ycnoBwax 

nyaHCOHHoro MeTOfla npeccoßaHua oöecnemiBaeT yMeHbineHMe cpeAHefi 

nnomaAM ceneHMn MaKpo3epHa B omuBKax M3 cnjiaBa AK7 öojiee neM B 

10 pa3 y>Ke npn flaB/ieHUM npeccoBamiH 50 Mna. npn STOM KonnnecTBO 

Mrnoo6pa3Hbix BioitoneHUM HHTepMeiannnflOB x<ene3a B RJIOCKOCTM 

wjiMCpa CHM>KaeTCH c 4,85 flo 2,85% c OflHOBpeMeHHbiM yMeHbiuewieM 

MX npoTfl>KeHHOCTM B 1,2 pa3a, a coflepaoHiie 6ojiee KOivmaKTHbix 

Mepomncpoo6pa3Hbix BKJiiOHeHMfi HHTepMeTa/innflOB B03paciaeT c 0,2 

flo 1,95%. 

TaKMM o6pa30M, BnepBbie peann30BaH npoi^ecc 

KpncTannM3aqMM MeTajijia nofl BWCOKHM flaBJiemieM B ycjiOBMHx, 

oöecneMMBaioinHx nocToaHCTBO pewnMa oxna>Kqemifl onbiTHbix OTJIMBOK 

He3aBMCMMO OT BeriMHMHbi flaB/ieHua. Bbino/iHeHa KOjiimecTBeHHan 

oqeHKa acpcpeicra MOflMCpHqupoBaHMH JIMTOM CTpyiaypbi flaBneHMeM flo 

400 Mna KaKTepMOflMHaMMHecKMM napaMeTpoM. 

© r.n.Sopucoe; A.H.CeMeHveHKo; T.B.Cmacb, 2000r. 
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Ö MEXAÜV13ME MHKPOJIErVIPOBAHHfl 3BTEKTMHECKHX 

CnjriÄBOB   " 

B.3.KücyHbK0a, M.A.HoeoxamcKuif, B.O.Benoe0 

a) fl0HW4M,     r.flOHeuK, YKpawHa 

b) oriiy, r.OAecca, YKpanHa 

c) UriM HAHy, r.MaKeeBKa,      YKpanHa 

npoaHanu3npoBaHbi npo6neMbi M rnnoTe3bi MOflMCpHqHpoBaHMfi 

>KMflKnx MeTannoB n cnnaBOB Ma/ibiMM floSaBKaMM. BbinojiHeHa 

KJiaccMCpMKauMfl npoqeccoB MOflMCpnuMpOBaHUfl, BbifleneHbi Tpw Tuna: 

roMoreHHoe, reieporeHHoe M aBToreieporeHHoe. CflenaH BbiBOA, HTO 

BblÖOp      MOAM(}JMMMpyiOU4MX     flOßaBOK      MO>KeT      6blTb      BbinOJIHeH      c 

ncnojib308aHneM KpwTepneB, cnocoSoB w MeTOflOB TecTwpoBaHWH B 

paMKax npeflCTaBneHMM o MewcipyiaypHOM pacnpeAeneHMit Manbix 

npuMecew B pacnnaBax 

PaccMOTpeHbi KOHL(eHTpai4MOHHbie acpcpeKTbi BniiflHHfi Manbix 

flo6aBOK Ha CBOMCTBa >KMflKHx MeiannoB n nonyMaeMoro M3 HMX TBepfloro 

/riMToro/ MeTanna. 3ai<nio4eH0, HTO onTMMMaaqnK) coflep>KaHMn floßaBOK 

B MeTannax M cnnaBax Han6onee Menecoo6pa3HO npoBOflMTb nyreM 

npei4M3MOHHoro M3MepeHna M conocTaBneHWH 3aBiicMMOcrew crpyicrypHO- 

HyBCTBMTenbHbix CBOMCTB pacnnasoB M TexHonornwecKux M cjiy>Ke6Hbix 

xapatcrepucTHK nuroro MeTanna. MeTOfl wcnbnraH Ha MOflenbHbix 

cnnaBax Al-Cd, AI-11,68 %Si-Cd, npoMbiwneHHbix cunyMMHax AK8M3 c 

KaflMMeM M >Kene30M, AK11M2 co crpoHLjiieM n cypbMOfi, AK5M2 c 

14MHKOM M AK7 c MamneM. 

npeAJio>KeH NiexaHW3M MOflMcpnuMpyKJu^ero acpcpeicra BnMflHMfl 

Manbix floßaBOK npn cpopMMpOBaHwi nonMKpwcTannoB, 3aitnio>Haiomi<iMCfl 

BO BnHflHHM npMMecM Ha pa3Mep itnacTepOB, a B npoqecce oxna>KqeHnn - 

Ha MX pocT, accoMnaqnio, o6pa30BaHne M pod 3apoAbiweM. 3aKrnoHeHO, 

HTO     BHHHHue     Manbix    AOÖaBOK     Ha     K/iacTepoo6pa30BaHne     M 
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3apoflbnjjeo6pa30BaHKie CKa3biBaeTCji Ha npoqecce Kpucrannmau,»», 

4)opMnpoBaHMM cpa30Boro cocTaBa, MaKpo- M MMKpocrpyioypbi M, B 

KOHeMHOM cneTe, Ha cooTHOweHMM TexHonorimecKMX v\ <J)M3MKO- 

MexaHMHecKMx xapaKTepMCTMK nuToro MeTanna. 

noflnepKHyTO,     HTO     TpeöyeTcn     nepecMOTp,     ycrapeBiuKix 

KOHMeni4MM  06    OAH03HaHHO       yCTaHOBneHHOM       BJIMflHUM     HeKOTOpblX 

oneMeHTOB / TOJibKO BpeAHOM win TOJibKO none3HOM/, B sacTHOCTw, 

JiMTMfi, KajibUMJi, >Ke/ie3a, onoBa, BHGMyra, Tewiypa, qnHKa 11 pnaa 

flpyrwx B cnxiaBax Ha ocHOBe amoMMHi-m. Heo6xoflMMO 

3KcnepnMeHTanbHO ycraHaB/iMBaTb n pa3rpaHHMHBaTb o6jiacTn MX 

BpeflHoro M none3Horo B03,qeMCTBMfl, HTO ocoöeHHO Ba>KHO fljia cnnaBOB, 

BbinnaBrmeMbix M3 BTopuHHoro cbipba. 

© B.3.KucyHhK0, M.A.HoeoxamcKuü, B.Q.Benoe, 2000r. 
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A NEW ASPECT OF IMPROVING FORMABILITY OF LOW- 

DEFORMABLE ALUMINUM BASE ALLOYS 

V.l. Metzur, YUM Taran,ALS. Romanova (. 

National Metallurgical Academy of Ukraine 

Dnepropetrovsk, Ukraine 

ABSTRACT 
1    It was shown that formability of low-deformable Al-Si composite 

alloys may be enhanced by improving the plasticity of the reinforcing 

phase comprased by crystals of the eutectic silicon. It was secured by 

combination of two methods. The first one is reducing of silicon crystals 

size via icreasing of a cooling rate in atomization of liquid alloy. The 

second one is ensuring of a compact or a nonfaceted growth form of 

silicon crystals via additional metallization of Si - Si bonds by passing 

electric current through the liquid alloy. This processes secure perfect 

formability . The examples such as extrused bars and tubes and press 

forged pistons was given. 

INTRODUCTION 

The alloys hardened by second phases like carbides, nitrides, 

oxides, intermetallics etc. outperform the respective base metals in many 

service properties, such as strength, hardness, wear resistance, thermal 

expansion and so on. However, the hardening induced by the second 

phases leads to a comparatively poor formability that poses problems in 

making semiproducts like sheet, coil, tubes and pipes by hot or cold 

working. 

This is also true of aluminum base alloys, deformable and cast 

alike, and especially of eutectic type Al alloys. 

A eutectic aluminum alloy includes a metal matrix constituted by 

a solid solution of alloying elements in aluminum, and a hardening phase 

whose grains are shaped as fibers, complex-shaped rods or globules. The 
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two phases solidify simultaneously during the eutectic reaction in the 

liquid. The eutectic type alloys can thus be regarded as in-situ 

composites, since they are structured like composites and their composite 

structure develops spontaneously. 

As is well-known, the strength a of a composite is a function of 

the matrix strength, am, the second phase strength, a?, and the volume 

ratios of the two phases, ^ and <p(,a= o^g^ + of# [1]. 

The composite will show improved strength when o? > <jm; for this 

to hold, proper selection of the second (reinforcing) phase is necessary. 

The reinforcer may be an intermetallic like CuAI2, a silicide (MgSi2) or a 

covalent phase (Si). Furthermore, eutectic alloys offer an additional way 

to enhance their performance. It stems from the exceptional simplicity of 

control over the thickness of the reinforcing fibers, rods or lamellae that 

can be effected by changing the solidification velocity V. Assuming Af and 

Am as the lamellae thickness of the reinforcer and the matrix respectively, 

one gets the eutectic spacing A = Af + A^; A2 = kA/. As the solidification 

velocity V is increased, the thickness of reinforcing rods or lamellae is 

decreased, resulting in a dramatic improvement in the reinforcer strength 

[2]. This is accompanied by improvement in the plastic properties of the 

reinforcing fibers due to a drastic reduction in the dislocation density and 

sometimes to formation of dislocation-free fibers. 

It is thus seen from the theory of composites that one solution to 

the problem of improving formability of hard-to-form eutectic aluminum 

alloys lies in the development of processes that would reduce the 

thickness of the reinforcer grains to a minimum. 

The paper also addresses one other way to improve the strength 

and plasticity of composite alloys, namely providing metastable 

metallization in a reinforcer with directional covalent bonds. Here, the 

 ——  log 
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"metallization" is understood as reduced localization of the valency 

electron cloud density in the bond direction. 

MATERIALS AND METHODS 

Aluminum alloys of following compositions were studied: 28.1- 

42.1 % Si, 1.47-26.00 % Fe, 0.46-0.98 % Ti, 0.23-1.48 % Ni, 0.04^6.35% 

Cu, 0.20-0.25 % Zr, 0.06-1.04 % Cr. Each alloy was made by concurrent 

reduction of its components from their 

oxides in the arc zone of a 22.5 MVA three 

phase arc furnace having graphite 

electrodes. Upon removal of the surface 

slag layer, the melt was poured into a 

crucible about 1 m3 in volume where three 

phase electric current was passed through 

the alloy. The current density on the 

graphite electrodes was varied up to 5x106 

A/m2. The melt temperature was 

maintained in the range 1150-1300 °C. 

Following an electric current treatment 10 to 

15 min long, the melt was atomized by a jet 

of inert gas. The melt particles were directed into a water-cooled 

solidification chamber to cool at 103 to 105 K/s. The powder particles thus 

produced are shown in Fig. 1. Those belonging in the size range from 63 

to 400 urn and having a bulk density of 2.14 g/cm3 were used as a 

starting material. The hydrogen content of the dried powder ranged from 

3.5 to 4.2 cm3 per 100 g. On screening and degassing, the powder was 

compacted using ä vertical hydraulic press and aluminum containers. The 

briquets thus made'were stripped of the aluminum shell and hot extruded 

to bars 70 or 150 mm in diameter or to tubes with an outer diameter of 

Figure 1. Atomized 

powders of Al-Si alloys, 

20x. 
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150 mm and a wall thickness of 25 mm. The bars were turned and cut to 

pieces that were next pressed to diesel engine pistons. 

EXPERIMENTAL RESULTS AND THEIR DISCUSSION 

Cooling heavy ingots at low rates about 100 K/min gives rise to 

formation of coarse grains of silicon, intermetallics and suicides as seen 

in Fig. 2a. This results in severe brittleness, making the alloys unsuited 

for forming. The microstructure of an atomized powder alloy is quite 

different, especially as regards the dimensions and shapes of the 

hardening phase grains. In particles about 1 mm in size, small proeutectic 

silicon crystals appear that have dendritic morphology, Fig. 2b. 

a) b) c) 
Figure 2. Al-Si aBoy mbostRjcture in a heavy ingot (a, 200x) and in granules produced from 

an unprocessed melt (b, 400x) and a melt electrically treated at 0.75x10s A/rn2 (c, 400x). 

They are responsible for the poor 

forrhability even at the compacting step. The 

briquets often ruptured when pushed out from 

the hydraulic press container, see Fig.3. In 

order to improve the alloy formability, it was 

necessary (1) to reduce the volume fraction 

of nonmetallic phases and (2) to suppress 

formation of faceted dendrites of silicon Figure 3. Rupture 
atomized powder 

©Eutectica-V 
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through favoring a nonfaceted or at least a compact growth form. 

The first task is best done via partial freezing of silicon and other 

alloying elements in the aluminum solid solution. This can be effected by 

achieving higher temperatures of the melt prior to atomizing and by 

increasing the cooling rate in solidification. The change in crystal growth 

form is governed by Jackson's entropy criterion Kj = 2R/AS which takes 

into account the degree of interatomic bond rearrangement when an atom 

passes from a liquid to a solid phase [3]. According to K.A. Jackson, 

faceted crystals grow in the covalent substances, AS > 4 cal/(mol-K), 

while the metals (AS < 4) display nonfaceted growth [3]. 

I.V. Salli suggested a more general criterion [4], 

, 2R 
Ks = AS-AcpAT/T 

The Salli number incorporates the melt supercooling AT, a 

process variable that can be used to control the crystal growth form. It 

should be noted that Ks« 2R/AS = Kj as the supercooling tends to zero. 

At large supercools AT and wide differences Acp between the heat 

capacities of the liquid and the solid, nonfaceted crystal forms are 

possible even with high entropy substances. Since increasing the starting 

melt temperature prior to solidification results in deeper supercooling, one 

can expect that higher superheating before atomization will facilitate both 

the solid solution supersaturation with the alloying additions and the 

transition from faceted to nonfaceted growth of silicon and silicide 

crystals. 

However, overheating the melt results in poor heat economy and 

reduced atomizing nozzle life. This makes the approach questionable. 

For these reasons, a method to preserve the high-superheat melt 

structure at low, near-liquidus temperatures was developed. 

It was demonstrated previously that a microheterogeneous liquid 

forms in Al-Si melts that is made up of Si atom clusters held together by 
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directional interatomic bonds and of an intercluster medium, a metallic- 

bonded liquid solution [5-7]. The cluster size is a function of the melt 

temperature and the heat conditions, Fig.4. As the temperature is 

increased, the cluster size is decreased. It was found more recently that 

passing electric current through the melt further reduces the cluster size 

[8]. It may be said that a condition similar to that of a high-temperature 

melt is achieved in a low-temperature melt under these conditions. 

2xT \ 

d.     i —i Figure 4. Silicon grain size in Al-Si 
mkm i 

foils solidified at 105 to 106 K/s as a 

function of temperature. The Si grain 

size is assumed to be approximately 

equal  to the  Si  cluster diameter. 

Curve   1    -   The   melt   in   oxide 

atmosphere; Curve 2 - The melt in 

vacuum;     Curve     3     -     Oxide 

atmosphere   with   passing   electric 

current through the melt. 

This theory was validated by an industrial-scale experiment in 

which the melt viscosity was found to decrease and its fluidity to improve 

after 10 to 15 min passing of the electric current, although no temperature 

change was observed. This enabled a higher yield of the desired particle 

size. 

The powder microstructure displays compact faceted and 

nonfaceted grains of silicon and suicides, together with alpha aluminum 

solid solution, Fig.2c. 

Aside from a reduction in the most probable size of proeutectic 

silicon grains in the granules, see Fig.5, increasing the current density 

results in supersaturation of the major phases silicon and alpha with the 
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alloying elements as manifested by the decreased lattice constants of the 

two phases, Fig.6. 

20 

10 2D 30 a mum 10 20 30 d.n*m 

Figure 5. Influence of current density on silicon proeutectic crystal size in 
6   A Irr,2- atomized powder, a: o - no current, • - 0.75x10 A/m ; b: o - 1.0x10 

A/m2, •- 1.5x106A/m2. 

«,A 

4,050 

*\. ' 

^~- 
• 

«,Ä 

j. 10 Mm2 

a) 

' 
^~~~^ 

r—-~—_ i- 

■ 

j 
J, 10 A/m- 

b) 

Figure 6. Influence of current density on lattice constants of Al base (a) 

and Si base (b) solid solutions,    • - equilibrium lattice spacing. 
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As the granules are heated for degassing and subsequent hot 

compacting, the supersaturated solid solutions decompose partly or 

completely, producing submicron grains of silicon, suicides and 

intermetallics in the metal matrix. 

A study into effects of briquet temperature before extrusion in the 

range from 350 to 500 °C revealed that an alloy with less than 32 % Si 

reaches a maximum formability in the working zone at 440 °C when the 

container temperature ranges from 400 to 430 °C. With 32 to 40 % Si, the 

formability reaches its maximum at 490 °C. 

No inner or surface defects were observed on the extruded bars 

or tubes that exhibited fairly high material properties, see Fig.7 and the 

Table. The test results were satisfactory enough to recommend the 

material for forging truck diesel engine pistons. 

Table 

Physical and mechanical properties of AI-35SJ sintered alloy 

Test temperature, °C 

20 100 200 300 400 
Tensile strength, 

MPa 

203...24 

0 

190...205 154...175 100...115 45...58 

Proof stress 

(0.2), MPa 

215 200 160 105 50 

Elongation, % 1,8...2,0 2,4...2,6 3,2...3,6 6,4...8,7 18,2...21,0 
Brinell hardness 110...14 

2 

"" - 

Thermal expan- 

sion, 106°C"1 

11,5...15 

,4 

16,4 17,1 17,3 

Density, g/cmJ 2,62 - - - - 
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The pistons were forged in closed dies on an 830 t hydraulic 

press. When the workpiece was heated to 490 °C and the dies to 250- 

300°C, the pressed forging showed satisfactory surface quality and 

internal structure, Fig.8. The pistons were hardly any different from the 

hot-extruded bars either in microstructure or phase constitution. 

Figure 7. Extruded bars and tubes 

of AI-35Si atomized powder alloy. 

Figure 8. Press forged piston 

blanks. 

The finished pistons performed well during standard tests in 

KAMAZ-7403 260 HP augmented turbocharged diesels. The powder 

metallurgy alloy was thus found to be a good candidate for diesel 

engines. 

CONCLUSIONS 

The formability of Al-Si composite alloys may be enhanced by 

improving the plastic properties of the reinforcing phase comprised of Si 

grains. This was effected through a combination of two approaches, 

namely 

•   reducing the size of silicon proeutectic crystals via increased cooling 

rates in atomization, and 
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• providing a compact or a nonfaceted growth form of silicon proeutectic 

crystals via additional metallization of Si-Si bonds by passing electric 

current through the starting melt. 

The process of atomization of low-deformable AI-(35-40%)Si 

alloys thus developed enables hot extrusion of semiproducts like bars and 

tubes and pressing these using conventional commercial equipment. 
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THE LOWERING OF EUTECTIC SULPHIDE AND PHOSPHATE 
HARMFUL EFFECT ON MECHANICAL PROPERTIES OF STEEL BY 
MEANS OF HIGH TEMPERATURE HOMOGENIZATION. 
V.l. Bolshakov, G.M Vorobyov 
Pridneprovsk state academy of building and architecture 
Dnepropetrovsk, Ukraine 

Any amount of sulphur is widely known to form ferrous sulphide 
(FeS) with iröh, which is the part of easily smelting eutectic Fe + FeS, 
forming ät ä temperature 988°C. This eutectic turns into Fe + FeS at a 
temperature below 9il°C. The position of these brittle eutectics at the 
grains limits increases the steel brittleness at a temperature above 
800°C(red-shortness). The phosphorus segregation on grains limits leads 
to steel embrittlerment at a low temperature (cold-shortness). 

The harmful effect of these elements on mechanical properties is 
so great, that their concentration has been the base of steel classification 
according to the quality. 

In general—purpose steel (of ordinary quality) the sulphur 
concentration should not exceed 0,055 wt% and phosphorous - 
0,045wt%. In quality steel the limit sulphur content goes down to 0,04wt% 
and phosphorous to 0,04wt%, and in high - quality steel, accordingly, to 
0,035wt% and 0,035wt%. In super high - quality steel the maximum 
sulphur and phosphorus content should not exceed 0,015 and 0,025wt%. 

The use of continuous casting requires receiving steel with the 
increased sulphur and phosphorus purity in comparison with the 
traditional casting into ingot-molds. 

In micro-alloyed steel the increase of low temperatures viscosity 
is seen even at the lowered sulphur content under 0,01%. 

In the meanwhile the reduction of the permissible phosphorus 
and sulphur content is attended by the considerable steel cost increase; 
That is why the development of such methods of manufacture of steel 
articles, which would make it possible to obtain the required high 
mechanical steel properties with the generally accepted standards of the 
detrimental impurity content is of the practical and scientific interest. 

The steel articles production practice, covered by the Russian patent 
was used in the work [1]. The steel articles lot of the A12 steel was 
processed on the basis of this technology. According to GOST 1414-75 
the phosphorus and sulphur content in this steel is equal to 0,08...0,20 
and 0,08...0,15 wt% correspondingly. That is to say, such steel is spoiled 
by the sulphur and phosphorus content on the level of the requirements 
imposed for the standard steel. 
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However, the processing of the free-cutting steel with the actual 
sulphur and phosphorus concentration correspondingly 0,09 and 0,11 wt% 
according to the patented process, permitted to obtain the mechanical 
properties on die level of the high-grade steel. In the meanwhile the 
processing on the basis of the standard technology has shown tile 
ordinary low properties, which are typical for the A12 steel. 

The most essential property of the patented process is the 
exception of possibility of the coding of metal being processed below the 
experimentally determined level. Such requirements are based on the 
expediency of the sulphur and phosphorus quantity conservation in the 
solid solution. 

High-temperature homogenization of sled 11 OH 3D appeared to 
be very effective for increasing the rate of toughness without cooling it 
down certain level. The considerable rate of toughness was obtained for 
this steel. 

It can be considered advisable to avoid the heating of bars and 
slabs in heating wells before hot rolling. The heating of steel for 
homogenization, for getting homogeneous distribution of adds, is least 
effective. The additions of admixtures in many cases don't dissolve while 
reheating. The formation of pores also occurs in places of dissolved adds 
or on borders of not fully dissolved adds. It's more effective to use heat of 
melted steel for the purpose of homogenization, especially for alloyed 
steel. In this way heating in wells can be fully expelled - it's kind of luxury 
at present. Besides the use of thin-walled heat-instillation covered moulds 
and thermos-moulds in combination with the use of different kinds of 
refrigeration can provide full homogenization in a process of slow cooling 
of bar in a mould after fast crystallization by means of cooling and speedy 
removal of warm for heating the walls of a mould. 

After the bars rolling keeping the needed heat of smelted steel in bars 
is advisable either to inject it to hot rolling or to insulate heat for the 
process of homogenization before hot rolling. Such method of bars and 
slabs treatment allows to keep heat of smelted steel in the same way as 
the method of continuous casting of steels and to get better 
hörnogenizatioh of metal in comparison with present know-how of casting 
bars in to moulds to say nothing about continuous casting. High rate of 
homogenization will allow to use cheap charge without additional cleaning 
of harmful admixture to get the desired mechanical properties. The use of 
different ways of cooling in moulds allows to get bars plated or reinforced 
inside for making composite steel items. Besides the use of cooling can 
increase the life term of moulds. 
© V.l. Bolshakov, G.M Vorobyov, 2000. 
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nOflYMEHME MHOrOKOMnOHEHTHblX THTAHOBblX CnjlABOB 

TUnA'TMKAfl" METOflOM 3J1EKTPOHHO-J1YMEBOM nJlABKH C 

riPOME>KyTOHHOM EMKOCTbK» 

C.A 0üpcmoea, B.M.Ma3ypb, A.H.KamiwoK0, fl.jQKynaK3 

a) HHCTütyT npo6neM MäfepuänoBefleHMn MM. M.H.OpaHLjeBMHa 

r. KuÖB'.yKpaiMHa 

b) HaqWoHanbHaa MeTannyprnMecKaa AKafleMMfl YKpaHHbi 

r.flHienponeTpoBCK.yKpanHa 

c) MHCtwiyr arieKTpocBapkM MM.E.O.riaTOHa 

r.KweB, YKpanHa 

CnnaBbi Ha ocHOBe TmaHa "THKAfl" CMcreMbi Ti-Al-Si-Zr 

ö6Hapy>KHBaiOT BbicöKwe npcwHOCTHbie CBOMCTBa, OAHäKO oßnaflaiOT 

MäJibiM 3anacoM nnacTUHHOCTM (flo 1%). 

flaHHan pa6oTa nocBaineHa pa3pa6oTKe cnnaBOB M TexHonoraw 

MX nonyneHMfl, KOTopbie coxpaHarm 6bi BbicoKMe npowriocTHbie CBOMCTBa 

M oönaflann 6bi AoeraTOHHOM rmacTMWHOCTbio. 

nonyMariM cnnaBbi M3 MMCTWX UUMXTOBUX MaiepManoB MBTOAOM 

aneKTpOHHO-nyseBOM nnaBKM c npOMex<yTOHHOM eMKOCTbio. 

CTaTMCTMKa      npÖBÖfleHHblX     XMMMMeCKMX     aHailM30B     CJ1MTKOB 

"TMKAfl" SnriE noKa3ana xopouiyK) BOcnpoM3BOflMMOCTb M 

noBTOpaeMOCTb pesyjibTaTOB. 

HccnefloeaHMfi MexaHMMecxwx CBOMCTB MeTanna 

cBMfletenbCTByiOT, HTO cnnaß SJiriE nocne f\,edpopMau,m Ha 80% 

o6Hapy>KMBaeT 3aMeTHyto rmacTMHHOCTb y>Ke npw KOMHafHoPi 

TeMnepaType - flo 1,5%, npM flononHMTenbHOM OTxaire (600°C M 700°C) 

nnacTMMHOCTb crmaBa nOBbiwae-rca AO 2,5-3,0% He CHMXOH ero npeflena 

TeKysecTM M npOMHOCTM (800 Mfla M 850 Mfla cooTBeTCTBeHHO). 
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TaKMM o6pa30M, Ha ocHOBamiki npOBeaeHHbix MCcneflOBaHufi 

MO>KHO cflenaTb BbiBOfl o nepcneKTMBHOCTM nonyneHun cnnaBOB Tuna 

"THKAfl" MeTOflOM 3JiriE. 

ÖnbiT npaKTMHecKoro npMMeHeHun aneiapoHHo-riyHeBOü nnaBKw 

c npoMe>KyTOHHonM eMKOCTbto (SJlllE) fljin BbinnaBKw wiipoKoro 

copTaMeHTa CHMTKOB M3 OTXOAOB KaK He/ierrtpOBaHHoro TMTaHa, TaK M ero 

crmaBOB, HaKonneHHbiM B M3C MM. E.O.naTOHa B TeMeHMe 10 neT, 

HBuncH OCHOBOM ana pa3pa60TKM TexHonormi nonyMeHua cnnaBOB 

CMCTeMbi Ti-AI-Si-Zr, KOTopaa w o6ecneHM/ia BbinonHeHne nocTaBneHHbix 

3aflaM. 

SKcnepMMeHTanbHbie MccneflOBaHMfl, OTpaßOTKy TexHwcw 

LuwxTOBKM pacxo,qyeMOü 3aroTOBKM, TexHonorwn nnaBOK npoBOflmiw Ha 

onbiTHo-npoMbiLuneHHOM yciaHOBKe aneKTpoHHO-nyneBoro nepennaBa 

Y3-208. Ha ocHOBaHMM aHariM3a TexHO/ioraMecKOM cxeivibi M pe3yjibTaTOB 

3KcnepnMeHTaribHbix nnaBOK onTMMH3npoBaH cocTaB pacxoflyeMbix 

3aroTOBOK. OnpefleneHbi 3aKOHOMepHOc™ noBefleHwa jiempyiomero 

aneMeHTa c BbicoKofi ynpyrocTbio napa-amoMWHua, flpyrax xiempytoinwx 

(Si.Zr) M npuMecePi (Fe,0,H,N) B 3aBHCMMOc™ OT cocTaBa UJHXTN M 

TexHonorMMecKMx napaMeipoB 3JiriE. MccjieaoBaHO BnnaHMe 

TexHOJiorwHecKkix napaivieTpoB npoLjecca Ha XMMnnecKMM cociaB 

nonynaeMbix cnnaBOB. 

noKa3aHa B03MO>KHOCTb nonyneHMfl MHoroKOMnoHeHTHbix 

TMTaHOBbix cnnaBOB 3a,qaHHoro cocrraBa MeTOflOM aneiapoHHO-nyHeBOM 

njiaBKM c npoMe>t<yTOHHOM eMKOCTbK) (3JiriE) B3aMen TpaflmjHOHHoro 

Nie-rofla - BaKyyMHO-flyroBoro nepennaBa (Bfln). 

© C.A Qupcmoe., B.H.Ma3yp, A.H.KanumoK, fl.fl.KynaK, 2000r. 
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BnJIMB KOP03IÜHOrO CEPEflOBULUA I TEMnEPATYPH 

HA MUKJllMHy TPIlUMHOCTIMKICTb METAJIOKEPAMIK 

CMCTEMHTi-Si 

E.R. Bacunie3, 0./7. Ocmacu3, B.I. Ma3ypb, A.ß. leacumuH3, 

C.B. KanycmhtiKoea b 

a) ct>i3MK0-MexaHiHHHM mcn-nyr iM. r.B. KapneHKa HAH YKpaTHM, 

r.flbBiB, YKpama 

Z»j Hai4iOHanbHa MeTanypriiiHa AKafleMi« yKpa'iHM, 

M. flHinponeTpOBCbK, YKpama 

lH>KeHepHi MaTepiann, TaKi HK KOMno3HTM 3 MeianeBOK) MaTpn- 

LjeK),   BCe   LUHpiUe  3aCT0C0ByK)TbCH  flJlfl   BMrOTOBJieHHfl   KOHCTpyKqiMHMX 

eneMeHTiB cyMacHiix BucoKoecpeKTMBHux eHepreTMHHux npucTpoiB (ra30- 

BMX Typ6iH, flBuryHiB BHyrpiLUHboro 3ropaHHH TOU40), a TaKOw iHiimx npn- 

riaAiß i MaiiiMH, flo AKMX CTaBrmTbca BHMoru wpßo BMCOKMX nwTOMO'i Miq- 

HOCTi, >xapo- i Kopo3iPiHoT CTiMKocTi, onopy 3apofl>KeHHio v\ pocry BTOMHMX 

TpimwH. OflHaK pe3yribTaTM flocniflweHb onopy MeTanoxepaMNHMX KOM- 

no3MTiB Ti-Si 3apofl>KeHHK) i pocTy BTOMHMX Tpiii(MH e o6Me>xeHMMM. 

flpaKTMMHO BiflcyTHi pe3ynbTaTM BnnwBy KOpo3iiiHoro poSonoro cepeflo- 

BMina Ha qMKJiiHHy TpiiUMHOCTifiKicTb Mux MaTepianlB. 

y nanw po6ori no,qaHO pe3ynbTaTM Bnnpo6yBaHb Ha LjMKniHHy 

TpiunMHocTiiiKicTb MßTanoKepaMiHHoro KOMno3MTa y BuxiflHOMy CTaHi 

nicnn eneicrpOflyroBoro nepennaBy (craH A1) Ta L|boro >K Maiepiany 

nicjin TepMOflecpopMaqiMHoT oöpoÖKM (ciaH A2). 

Ha niflCTaBi eKcnepuMeHTanbHux AaHMX nooyflOBam KiHeTUHHi 

fliarpaMM BTOMHoro pyüHyBaHHfl (KflBP). flnn MaTepiany y BMxiflHOMy 

CTaHi (A1) BCTaHOBneHO, ujo Pioro noporoBi 3Ha>HeHHfl AKth e Ha piBHi 

KOHCTpyKqiMHHX aniOMiHieBMX Ta TMTaHOBMX crmaBiB (pup. 1 a). Kopo3iüHe 

cep?AO,BMLMe Aeiqo 3HM>Kye xapaKTepucrnKH onopy poory TpiLquHM    B 

l4bOMy.KOMn03MTi. v 
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flocniflweHHH LUBMAKOCTJ pocTy BTOMHOT Tpiu^MHU (lilPT) B 

Maiepiani A2~noKa3ano, mo BJH Mae BMIUMM onip pocTy TpiinMHM, HJ>K 

BMxiflHMii A1 (piic. T b), ocoßnnBo y BMCOKoaMnnhryflHM oönacTi. L4e 

noB'«3aHO, B nepuuy nepry, 3i CTpyicrypHMMM 3Mi'HaMH MaTepiany 

BHacniflOK TepMOflecpopMauiPiHoT o6po6KM. 

noripmeHHa xapaKTepucTMK LJHKIINHOT TpiinMHOCTMKOCTi MaTe- 

pianiB Ti-Si y Kopo3iMHOMy cepeflOBnu^i 3B'a3aHe 3 HanBHicTio B KOMno3M- 

qmx HK neryBanbHMX eneMeHTiß (Al, Zr), TaK i CK/iaaHnx cv\nii\\Ap,Hux ra 

JHTepMeTa/iiAHHx cpa3, «Ki MaioTb pi3Hy Kopo3iwHy TpMBKicTb. 
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PMC. 1. KflBP MeTanoKepaMiK A1 (a) i A2 (Jb) Ha noBrrpi Ta B 3 % 

p-Hi NaCI. 

Ha niflCTaßi eneiapoxiMNHMx flocniflweHb KOMno3HTiB i3 pi3HMM 

cniBBiflHouieHHflM cpa3 BcraHOBneHO, U40 ix nacwBaMi'MHi napaMeTpw y 

nopiBHaHHi 3 MMCTMM TMfaHOM Ha nopaflOK ripoii. Ana Mux MaTepianiB xa- 

paiaepHe nonerweHe npoTiKaHHH HK aHOflHoro, TaK i KaTOflHoro npoLjeciB. 

noKpaLqeHHa Kopo3iMHux napaMeTpiB (niABMineHHH no/iflpn3ai4iPiHoro 

onopy Ta 3HM>KeHHM nacuBaqiPiHMx cTpyMiß) MOx<Ha flOcamyTM 3aBflaKM 

36mbLueHHK) flucnepcHOCTi KepaMMHOi cpa3M (MaTepian A2). 
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BHacniflOK Bnnpo6yBaHb MaTepiany A2 Ha qnKniHHy 

TpimMHOCTiiiKicTb B ,qiana30Hi TeivinepaTyp 20...700 °C BiflSHaweHO 3poc- 

TaHHfl LUPT B cepeflHiw fliJWHMi : KflBP (A/C =5,0...12,5 Mfla VM) npw 

TeMnepaTypi noHaA 500 °C (pwc. ,2). 3i 3pocTaHHflM TeMnepaTypii 3Ha- 

neHHfl AKfcfleu^o 36inbiuyeTbCH, a AK«, 3MeHuuyeTbcn. 

Ha nifldaBi flocniAweHb BCTaHOBneHO, mo p,na MeiaxiOKepaMiK 

CMGTeMM Ti-Si orrrMMaribHOio 3 TOHKM 3opy cnyx<6oBMx BnacTMBOCTew e 

crpyicrypa 3 ,qBo4>a3HOio (a + ß) MaTpkiqeio AHcnepcHMX 3epeH TirraHy, 

CKynneHHfl HKMX OTOneHi KonoHiaiviM flpißHux cnniL;MfliB Ta iHTepMe- 

rajiifliB Tuny (Ti, Zr)sSi3 H yTBopioioTb MJL(HMü "KapKac". 
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PMC. 2. BnnuB BMCOKMX TeMnepaTyp Ha KflBP MaTepiany A2. 
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CniBCTaBneHHfl KepaMi<-mnx i MeianoKepaMNHnx MaTepianiB 3a 

xapamrepMCTHKaMM MiqHocTi i TpimwHocrifiKocTi noKa3ano cyrreBy nepe- 

Bary MeTanoKepaMiKH, fwa 3yMOBneHa BMCOKOK) B'fl3Kicrio MeianiMHoT oc- 

HOBM Ta MJUHJCTIO BHacniflOK apMyBaHH« KepaMiHHOio cpa30K>. npoTe no- 

piBHflHO     3     BMCOKOMJUHMMM     CTanflMM,     amOMiHieBMMH     i     TMTaHOBMMM 

cnnaBaMM, MeianoKepaMiKM npw 3aflOBinbHnx noporoBMx (AK»,) MatoTb 

HH3bKi     KpMTMHHi     (AKfc)    XapaKTepWCTMKM     LJWOINHO'l    TpimilHOCTMKOCTi 

(10...20 Mna VM fljiH KepaMiK i MeTancwepaMiK npoTM 50...100 Ml~la VM 

Ann cranetö i TmaHOBnx cnnaBiB). ToMy flna HOBMX MaTepianiB Tuny Ke- 

paMiK i MeianoKepaMiK ponb KiHeTUHHMX fliarpaM BTOMHOTO pyPmyBaHHfl 

(oTpMMyBaHnx Ha CTafliT pocry MaKpoTpim.nm-1) HK pecypCHnx xapaiae- 

PMCTMK CTae npoßneMaTMHHOK), TyT Heo6xiAHi HOBJ cpi3MKO-MexaHNHi nifl- 

xoflii, noB'?i3aHi 3 OUJHKOIO noiiiKOfl>KyBaHocTi B npou,eci 3apo,q>KeHHfl no- 

HaTKOBoro MaKpoflecpeKTy. 

© B.fl. Bacunie, O.n. Ocmaiu, B.I. Ma3yp, A.fl. leacuuiUH, C.B. KanycntHiKoea,20Q0r. 

CONTROL OF STRUCTURE AND PROPERTIES OF CR-NI-N 

EUTECTIC ALLOYS 

A. Kazakov 

St.-Petersburg State Technical University, Steel and Alloys Dept., 

Basseynaya 37-49, 

St.-Petersburg, Russia 

Cast chromium alloys of system Cr-Ni-N were studied in a wide 

range of variation of chromium concentration (35-54%) and nitrogen 

concentration (0.002-1.080%), ensuring the formation of various 

structures from pure nickel-chromium austenite to two-phase alloys with 

predominant content of a-phase. 
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c'Trie experimental data were processed and presented in form of 

corresponding space topographies illustrating the effect of nitrogen and 

chromium on alloys structure and properties. From the analysis of these 

results it was revealed, that the nitrogen austenites the alloys structure 

ensuring the significant improvement of their strength properties at 

900°C. The increase of nitrogen concentration from 0.002 to 0.8% in 

single-phase austenite alloys results in doubling of Rm at 900° C, and the 

monotonically increasing nature of this relationship allows to recommend 

melting of these alloys at the nitrogen pressure above the atmospheric 

pressure. For the alloys containing more than 45% of chromium, the 

relationship Rm (900 °C) = f([N]) is of the extreme pattern. Therefore, the 

optimum nitrogen concentrations (0.2-0.7% in function of the chromium 

content of 54-45%, respectively) are sufficiently high to suppress the 

decomposition of y-solid solution, but they are limited by the progress of 

the eutectic crystallization process. Thus, the contribution of nitrogen to 

the formation of structure and properties of high chromium alloys is 

crucial, and the revealed regularities in this element effect on the above 

mentioned alloys specifications allow to justify the selection of melting 

conditions, ensuring the optimum alloying with nitrogen and high 

mechanical properties of alloys with different chromium content. 

The determinant contribution of nitrogen in formation of structure 

and properties of eutectic high nickel-chromium alloys was shown and the 

limits of optimum alloying with nitrogen for these alloys were; justified; in 

particular, for the two-phase alloys the optimum nitrogen contents should 

be significantly high to suppress the decomposition of g-solution and to 

austenitize the structure, however, they are limited by the development of 

the process of eutectic crystallization. 

© A. Kazakov, 2000. 
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EUTECTICALLOYS FOR SEMI-SOLID FORMING TECHNOLOGY 

A. Kazakov 

St.-Petersburg, State  Technical   University,   Steel   and  Alloys   Dept., 

Basseynaya 37-49, 

St.-Petersburg, Russia 

The semi-solid forming (SSF) technology is based on the 

peculiarities of Theological behavior of semi-solid materials (SSM). In 

turn, the Theological characteristics depend on alpha solid-solution 

morphology. Therefore, the characterization and control of alpha solid- 

solution morphology at each stage of SSF technology are of prime 

importance for a successful realization of this technology. We developed 

Thixomet software, which offers direct visualization and measurement of 

complex structures and 3D relationships. Thixomet performs a total 

quantitative description of 2D and 3D SSM structures, including 3D 

parameters of the skeleton structure and the real morphology of the alpha 

grains. This study revealed that the SSM structure has been totally 

skeletonized. A multiply connected skeleton of the structure is a key 

attribute of SSF technology and is an inherent characteristic for all SSM 

suppliers. Many of SSF technology problems can not be solved without 

an understanding of the nature of skeleton structure formation and its 

evolution at all stages of SSM production 

The fraction liquid-temperature relationship provides the 

fundamental basis for the design of alloy compositions for SSF 

technology. Therefore, a search for new SSM compositions, as well as 

physicochemical understanding of the SSF technology processes, is 

impossible without analysis of the temperature dependence nature of the 

liquid fraction. This information is obtained from differential scanning 

calorimetry (DSC) aided by thermodynamic modeling. The estimated 
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results in the current study were obtained using the commercial program 

ChemSage 4.1 andthe thermodynamic database SGTE. 

The physicochemical composition selection criteria for alloys 

produced by SSF technology have been developed. The database of 

critical points for the "fraction liquid-versus-temperature" curves for the 

commercially important aluminum alloys has been created on the basis of 

thermodynamic modeling and DSC experiments. The numerical values of 

the critical points from the "fraction liquid-versus-temperature" curve can 

be used to optimize the chemical composition of the alloys produced by 

SSF technology. 

© A. Kazakov, 2000. 
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OCOBEHHOCTH   rA303BTEKTOMflHOI?l 

PEAKUUM B rHflPHflOOBPA3y»OlHHX METAJU1AX 

B.fO.Kapnoe 

HaqMOHanbHan MeTannyprnMecKaa AKafleMMS yKpawHbi, 

r.flHenponeTpoBCK, yKpanHa 

Kax panee 6bino ycraHOBJieHO [ 1 ], nonwiviopcpHoe npeBpaweHMe 

B        pnqe    MeTannoB    B    npMcyTCTBMM    BOflopofla    conpoBox^aeTcn 

ra303BTeKTOMflHoii peaKquew ( nna >xene3a:    aycTeHMT HacbimeHHbm 

BOflopoflOM ( A ) pacnaflaeTca Ha cpeppuT ( $ ) M BOflOpofl ( H ). 

3apo>Kflehwe ra30BOü cpa3bi  B crmowHOM MeTanne 3aTpyAHeno, HTO 

npMBOflMT   K   o6pa30BaHMK)   Ha   Me>KCpa3HOki   rpaHMqe   ocoöoro   cnoa 

MeTanna   (   H-cnoa   )    [2]    nepecwmeHHoro   BOflopoflOM.    MMCHHO 

o6pa30BaHne   3Toro    H-cnon   newMT   B   ocHOBe   pafla   acpcpeicroB: 

caMonpoM3BonbHOM flecpopMaqnw >xene3a, CHii>KeHkm ero npoHHOc™ w 

flpymx. HccneflOBaHMfi nonwMopcpHbix raApwfloo6pa3yioLnnx MeTannoB 

(Zr, Hf, Ti ) noKa3arm cymecTBeHHoe OTnnwne MexaHM3Ma npoTeKaHwa 

ra303BTeKTOHflHOü peaKmiM B 3TMX Meiannax. riepBbm 3Tan npoTeKaHM« 

peaKqun - Hanano ß-a nonnMopcpHoro npeBpau|eHM5i (3apo>KqeHMe ot- 

cpa3bi) TaK >Ke conpoBO>KqaeTca  nepecbimeHHeM  Me>KCpa3HOM rpaHnqbi 

BOflopoflOM, KOTopbiü He ycneBaeT flncpcpyHAnpoBaTb B my6b MeTanna. 

BbicoKwe KOHqeHTpanMn BOflopofla npwBOAfrr K flecpopMaqnM peiueTKM M 

yBenwHeHHK) ee flecpeKTHOCTM. KaK TonbKO KOHqeHTpaqmi BOflopofla Ha 

rpaHnqe flByx cpa3 flocTumeT BenwHMHbi, flocraTOMHOM p,nn o6pa30BaHi/m 

raflpMfla, npoMcxoAMT xHMnnecKa« peaKMMn u Ha (ppom-e npeBpameHwa 

noaBnaeTca HOBan cpa3a - I-HAPKA MeTanna. ripn STOM nepecbuqeHne 

cppoHTa ß-a noriMMopcpHoro npeBpau|eHMfl BOflopoflOM   B 3TOM ynacTKe 

pe3Ko   CHw>KaeTCH   M   CMHTe3   ruApufla   npeKpamaeTCR   flanbHewwee 

ABMweHMe  cppoHTa   nonwMopcpHoro  npeBpameHkia   B  my6b  MeTanna 

MHoroKpatHO    noBTopaeT    3TOT    npoqecc.    B    pe3ynbTaTe,    nocne 
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npoxo>KfleHMfl cppOHTa nonnMOpcpHoro ' npeepäl^eHM« no o6i.eMy 

MeTanna, Mbi iiMeeM MeTarmMHecKyio a-MaTpnqy c BKpanneHMflMM 

ruflpMflOB pa3nMHHoro cTexnoMeTpMHecKoro codaBa. Hcnonb30BaHne 

3Toro scpcpeicra no3Bormer Bee™ rnflpnpoBaHne MeTamia no BceMy ero 

o6"beMy, a He TonbKO c noBepXHOCTW. TMApuflbi MMeiOT MeHbuuyio 

nnoTHOCTb M ÖonbUjyK) TBepflocTb, neivi MeTarm, noaTOMy, Korfla npoqecc 

ruflpupoBaHHfl MfleT c noBepxHoc™ o6pa3Ma, BHyTpeHHwCi M HapywHbiw 

o6"beM o6pa3qa wcnbiTbiBaeT 3HamiTenbHbie HanpaweHMH, HTO npMBOflUT 

K    06pa30BaHMK)    TpemMH.     ripii     nOBTOpeHMH    TepMOUlMKJIOB    THflpHflbl 

MeTanna pacryT nocieneHHO M Becb Mexajui paBHOMepHO nepexoflMT B 

XMMMMecKoe coeAMHeHwe. 3TO npMBOflMT K nonyMeHnio rMflpufla 

OflHopoflHoro cocTaßa c MeriKOKpucTannnHecKoPi CTpyioypoM v\ HM3KMM 

ypOBHeM BHyTpeHHMX HanpflWeHMM. OCHOBHOe flOCTOMHCTBO 

Mcnojib30BaHMsi 3Toro acpcpeiaa - HM3Koe flaßneHMe HacbimeHwa 

BOAopo,qa no cpaBHeHMO c TpaAHMMOHHO ncnonb3yeMbiM. 3TO BO3MO>KHO 

B cneACTBMe oneHb cmibHoro ( B COTHM pa3 ) nepecbimeHwa BOAOPOAOM 

H-cnoa no cpaBHeHMK) c paBHOBecHbiM coAepwaHiieM BOAopoAa B 

MeTanne npw A^HHbix TepMo6apMHecKnx ycnoBwax. 

nUTEPATyPA 

1. UJanoBanoB B.H., KapnoB B.KD. FtejieHwe BpsHUKHOBeHMa noABMWHbix 

BOAopoAOHacbimeHHbix MeTacraömibHbix 30H npw nonwMopcpHOM 

npeBpameHMM MeiannoB.// B.M. - 1986. - N231.-C.I. 

2. LLIanpBarioB B.H., KapnoB B.KD. O npupoAe aHOManbHoü cnoHTaHHoä 

AetpopMaL\MM >Kene3a B npucyTCTBMM BOApppAa. // 0M3MKa MeTanriOB 

n MeTarnioBeAeHwe. -1983.- T.55.-Bbin.4.-C.805-811. 

© B.fO.Kapnoe, 2000r. 
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POJlb flABJlEHM« BOAOPOAA B «DOPMUPOBAHMM CTPYKTYPbl 

rA303BTEKTMMECKMX Cn/IABOB. 

H.n. CepdiOK 

HaqnoHanbHaa MeTannyprMHecKaa AKafleMwa YKpaHHbi 

r.flHenponeTpoBCK, YKpaMHa. 

BnnHHue flaBneHMH BOflopo,qa Ha CTpyiaypoo6pa30BaHMe 

ra303BTeKTMHecKMx cnnaBOB npoHB/iaeTca cneflytomiiM o6pa30M. KaK 

TepMOflMHaMMHecKMM cpaicrop, flaBiieHne (BcecTopoHHee oKaTwe 

CMCTeMbi) cnoco6HO B03,qefiCTB0BaTb Ha ocHOBHbie napaMeipbi npoqecca 

KpncTannn3ai4MM pacnnaBOB, H3MeHfl« TeMnepaTypy nnaenemn, 

KOHueHTpaqMK), oß-beM, nnoTHOCTb M flp. C flpyrow cTopoHbi, flaßneHMe 

BOflopofla BMecTe c TeMnepaiypoü onpeflenniOT pacrBopwMOCTb 

BOflopofla B pacnnaBe, n3MeHfltoi±|ero TeMnepaTypy Kpi<iCTannM3am<iw M 

5iBrifliou4MMCH MaTepwanoM ra30Bbix KaHanoB npn cpopMMpoBaHWM 

ra303BTeicTMHecKOM crpyiaypbi cnnaBa MeTann-BO,qopofl. B TO we BpeM« 

flaB/ieHne BO/jopofla KocBeHHbiM o6pa30M B03,qeiiCTByeT Ha 

KpncTannii3aMMto pacnnaBa nocpeflCTBOM TennoMaccooöMena 

3aTBepfleBaiOLi(eM OTHMBKH C OKpyxcaiomeä ee ra30Bofi cpefloii. 

PPM       MCCneflOBaHMM       BJIMflHMH      flaBneHMfl       BOflopofla       Ha 

pacTBopuMocTb MeTanna 6bino o6,H,apy>KeHO, HTO ana Ni, Co, Cr M Ti npw 

onpefleneHHbix napaMeipax eömw TeivinepaTypbi nnaBneHWH 3aKOH 

CMBepTca    (SH    =   f jp       )    He    coßjuoflaeTCfi.    l"lo,qTBep>KfleHKieM 

OTpwuaTenbHoro OTKnoHeHMH OT 3aKOHa CuBepTca npw BWCOKHX 

TeMnepaiypax ABJIHIOTCH pe3ynbTaTbi 3KcnepnMeHTOB no BnMflHino 

BOflopofla Ha TeMnepaTypy nnaBneHMH MeTanna. 

AHanM3 BenMHMHbi CMeu^eHMsi KpMTMMecKMx TOMeK MeTanna nofl 

BnnHHiieM flaBneHHa BOflopofla roBopwT o TOM, HTO ocHOBHoe BnnflHMe 
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Ha 3T0T noKa3aTenb 0Ka3biBaiOT BenwMHHbi pacTBopuMOCTM BOflopofla w B 

MeHbLuefi Mepe - Tun KpucTannnsecKOM peiueTKM MeTanna. 

Ha ocHOBaHMM no/iyneHHbix aKcnepwMem-anbHbix flaHHbix 6binw 

nocTpoeHbi flMarpaMMbi COCTOHHMH MeTann-BOflopofl, BicmoHatomwe 

ra303BTeKTMMecKne paBHOBecnn (Ni-H, Co-H, Gr-H, Cu-H, Mn-H, Mg-H, 

Ti-H,  Al-H),  Kax B  flByxKOOpflMHaTHOM,  Täte n  B  TpexKOopAMHaTHOM 

M306pa>KeHMflX. 

Han6onee scpc^eKTMBHo ponb npmiaraeMoro flaB/ieHun 

npoflBJifleTcn B npoqeccax, npoTeKaiOLijHX c M3MeHeHneM 06-beMa, T.e. B 

npoijecce KpMCTannn3ai4i<iw HacbiujeHHbix BOflopoflOM pacnnaBOB, 

CBfl3aHHOM c nepexoflOM MeTanna M3 >KMflKoro COCTOHHMH B TBepfloe. 

OcHOBHbiM noKa3aTeneM aToro nepexofla flBnaeTca pa3HML(a yflenbHbix 

06-beMOB, cocTOflinan, B ocHOBHOM, M3 o6"beMa ra30Bbix KaHanoB M 

nycTOT B OTJiMBKe. B M,qeanM3MpoBaHHOM noHATMH AasneHne BOflopofla B 

KaHanax nopucToro MeTanna B npoi^ecce KpncTannn3ai4MM pacnnaBa 

paBHO flaßneHMK) ra30BOM cpeAbi, OKpyxoiomeM omuBKy. OflHaKO Ha 

npaKTMKe 9TOT napaMeip npwHMMaeT Apyoe 3HaneHMe. 

pHt = p       + px~    + px 
X    C.K.        i.    oxp.cp.       J-    ep.pmd.       *■    <p.tcp. 

rfle - p"2 p'      px'!    px    - flaßneHne BOflopofla B ra30Bbix KaHanax; 

AaBneHMe ra3a B cpefle, OKpywaiOLLiefi oiriMBKy; conpoTMBneHMe 

noBepxHOCTHoro cnon ornuBKn Ha rpaHiiqe pa3flena >KHflKMii pacnnaB - 

ra30Ban cpefla B03AeiiCTBMio cucreMbi nopiiCTbrn MeTann - >KMAKOCTb; 

conpoTMBneHMe >KMAKoro pacnnaBa y cppOHTa KpncTannn3ai4MM pocTy 

ra30Bbix KaHanoB. 

Tennoo6MeHHbie npoqeccbi Me>KAy omuBKOM, ra30B0M cpeAofi M 

KpncTannn3aTopOM nocne 3annBKn pacnnaBa B cpopMy CTHMynnpyK>T 

pe3Koe CHHM<eHMe >KMAKOTeKyHecTn Ha rpaHnqe pa3Aena omuBKa - 

ra30Baa cpeAa c o6pa30BaHneM   KOPKM 3aTBepAeBLuero MeTanna. npM 
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3TOM   3HaHeHne    p*-<      paCTeT.   OflHOBpeMeHHO   npo,qo.n>KaiOLiJ|aflCfl 
.   1   zp.pwd. 

KpMCTannM3aqMH HacbimeHHoro BOAopoflOM pacnnaBa cnocoöcTByeT 

BbiflejieHMto ra3oo6pa3Horo BOflopofla M pocry ra30Bbix KaHanoB 

nopwcToro MeTanna. 3TO npiiBOflUT K 6biCTpoMy noBbiuieHkiK) flaBnewifl 

B CMCTeMe nopMCTbiii MeTann - >KMAKMM pacnnaB. B onpeAeneHHbm 

MOMeHT BpeMeHM 3TO AaBneHwe npeBbiCMT   p*->   , MTO npuBeAeT K 
JL   ip.pasd. 

AecpopMaqnw KOPKM Meianna, a 3aTeM pa3pbiBy c nocneAyioi^MM 

pa3nnBOM pacnnaBa HaA noBepxHOCTbK) omMBKH. ripn STOM 3HaHeHne 

PZ'P**. ' a TaK>Ke flaBneHMfl B cwCTeMe nopMCTbiii MeTann - >KMAKMM 

pacnnaB pe3K0 CHwwaeTca. B xoAe KpncTannn3ai^MM omkiBKM STOT 

npoqecc MO>KeT MHoroKpaTHO noBTopaTbca. 

Bee M3MeHeHnyi 3HaneHHfi p~-< nepe3 

He3aKpncTannn30BaBiuMMCfl pacnnaB c-TpawaioTcn Ha crpyicrype 

nopiiCToro MeTanna, npuBOA^T K MHoroKpaTHbiM M3MeHeHwiM AnaMeTpa 

KaHana B npoqecce MX pocia, a TaioKe K o6pa30BaHwo rocppiipoBaHHOM 

4>opMbt noBepxHOCTn KaHanoB. npn STOM creneHb M3MeHeHHfl CTpyirrypbi 

B npOL(ecce ra303BTeiaMHecKoro npeBpaineHMH B CMcreMe MeTann - 

BOAopoA B OCHOBHOM onpeAenaeTca TeMnepaTypofi pacnnaBa, 

BpeMeHeM 3aTBepAeBaHwn OTnwBKM, AaBnemieM M cocTaBOM ra30BOM 

cpa3bi ycTaHOBKM, - T.e. creneHbio MHTeHcmJ)MKaL(MM TennooöMeHHbix 

npoMeccoB Ha rpaHMqe pa3Aena OTnHBKa - rasoBaa cpeAa. ripn 

onpeAeneHHbix ycnoBMflx 3aTBepAeBaHnn OTnwBKM, 3HaHeHne px*   , a, 
■*    ep. ptad. 

cneAOBaTenbHO, M AaBneHMa B cwcreMe nopwcTbiPi MeTann - JKMAKMM 

pacnnaB, AOCTwraeT onpeAeneHHoro Ann AaHHOM TeMnepaTypw 

noporoBoro 3HaHeHHH, cnocoöHoro Bbi3BaTb nepeoxna>KAeHMe 

OAHOBpeMeHHO BO BceM oß-beMe He3aKpncTannn30BaBiuerocn pacnnaBa 

c nocneAytomew oSteMHOM KpncTannn3ai4neM. 3TO HBneHwe 

xapaKTepn3yeTcn nonHbiM pa3ynopaAOSMBaHneM CTpyicrypbi nopwcToro 
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MeTanna - OHa HanoMMHaeT CTpyicrypy rpy6oro KOHrnoMepaia. flnsi 

CHM>KeHMH «eraTMBHoro BnHSHMJi     p~-<       B npoqecce Kpwcrannmauyi» 

nopwcToro MeTanna B MecTe pa3nnßa pacnnaBa Haa noBepxHOCTbio 

crnuBKM npon3BOflflT flononmiTenbHbiM noflorpeB M/IM npiiHWMaioT 

flpyrwe Mepbi B 3aBncnMOCTM OT KOHCpurypaqMH n CTpyicrypbi OTHMBKH. 

ConpoTMBJieHkie >KMflKoro pacnnaBa y cppoma KpMCTannn3aMHM 

pOCTy   KaHa/lOB   P<j,.Kp.   HaXOflllTCH   B   npflMOÜ   3aBMCl<1MOCTM   OT   B513KOCTM 

pacnnaBa M flBnaeTca ycpeflHeHHOM Be/iMMMHOü, TaK KaK npM 

TeMnepaTypax, 6JIM3KMX K TeMnepafype KpMCTannn3ai4i/in pacnnaBa, 

comacHO KBa3MnonnKpkiCTannnHecKOM MOflenw CTpoeHMfl, ero crpyicrypa 

npeACTaBnneT CO6OM co^eTaHne KnaciepoB w pa3ynopH0.cmeHHbix 30H c 

6onee pbixnbiM pacnono>KeHneM nacTuq. rioaTOMy, B xofle pocia 

rasoBbie KaHanw 0Ka3biBaK)Tcn B HeoflimaKOBbix ycnoBnax: KaHanbi, 

BpacraKDimie B nnoTHbie rpynnnpoBKM, cmiwaiOT flwaMeTp M Moryr 

3axnonHyTbCfl, a KaHanbi, BpacTaK>mne B pbixnyio CTpyioypy pacnnasa, 

yBennHMBaioT fluaMeip vt MMeiOT 6onbi±iyio npoTJweHHOCTb. Ann 

CHM>KeHiin HeraTMBHoro BnwflHMH HeoflHopoflHOCTM pacnnaBa y cppoHTa 

KpncTanjriM3aqMM Ha pocT KaHanoB HeoöxoflMMO co3flaTb onpefleneHHbie 

TepMOKMHeTMHecKMe        ycnoBMfl KpncTannn3aLiMM pacnnaBa, 

3aKJiK>HaiomMecfl, npe>Kfle Bcero B TOM, MTo6bi noBbicwb TeMnepaTypy M 

CKopocTb oxna>KfleHMfl pacnnaBa. 

© H.n. CepdtoK, 2000r. 
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OCOBEHHOCTH OOPMHPOBAHHH CnflABOB 

rA303BTEKTHMECKOrO THI1A nPH HAMOPAWHBAHHH B 

HAnPABilEHMM CMJlbl rPABMTAUMM 

AT. TuKweHKO 

TocyflapcTBeHHafl MeTarmypn-mecKaH AKafleMwa YKpanHbi, 

r.flHenponeTpoBCK, YkpanHa 

B ocHOBy pa6oTbi nonoweHbi pe3yribTaTbi nccne,qoBaHnii 

ra303BTeKTMHecKofi KpncTajinw3ai4MM B cucTeMe MeTann-BOflopofl, 

npoBOflMMbix    B     TocyflapcTBeHHOM     MeTannypranecKOM     AKafleMMM 

yKpaWHbl  M  n03BOJ1MBlUMX nOnyHMTb  HOBbIM   nOpMCTbIM   KOMn03HqHOHHblM 

MaTepnan (ra3ap). 

nonyweHne ra3apoB BKnicwaeT HacbiLqeHMe pacnnaBa 

BOflopoflOM M nocneflyKJLqyio KpMCTajrinM3aqMio B ycnoBwnx 

HanpaBneHHoro TennooTBO,qa. H3BecTHbie cnocoSbi He no3BonsiK)T B 

nonHOM Mepe pacKpbiTb 3aK0H0MepH0Cfn KpncTajinn3ai4MM cnnaBOB 

ra303BTeKTMHecKoro Tuna M3-3a cpaicropoB, He noflflaiOLi^MXCfl KOHTPOJIIO 

MHTeHCMBHoro nepeMewMBaHMH pacnriäBa npn pä3JinBKe, ero 

npe>KqeBpeMeHHoro oxnax<fleHMa BO BceM o6i>eMe, 3axBaTa TBep/jbix 

BKniOHeHMM, OTpbiBa raaoBbix ny3bipbKOB c noBepxHOCTM cppoHTa 

KpncTannM3ai4MM. 

flna npoBefleHMfl 3KcnepnMeHT0B cnpoeicn<ipoBaHa M 

M3roTOBneHa naßopa-ropHasi ycraHOBKa, npeflCTaBjiatoinaa coßoPi 

aBTOKJiaB BbicoKoro flaB/ieHna, B HM>KHeM nacTw KOToporo noMemeHa 

nnaBunbHan neMb, B BepxHew - ycrpoücTBO, c nepeMemaioiuMMca 

xonoflMnbHMKOM. MeTajin Hacbiu4ajiM BO,qopoflOM 113 ra30B0fi cpa3bi B 

Anana30He flaBJieHMü 0,01-10 Mlla. TeMnepaTypy pacnnaBa ki3MepRnn c 

TOHHocTbto flo ± 5K. 3KcnepnMeHTanbH0 onpeAeneHa onTMManbHaa 

cxeMa HaMopa>KMBaHMyi B HanpaBJieHnw cnnbi rpaBMTaL(MM, no3BOnnBuian 

noBbiCMTb ycTOMMMBOCTb ra30Bofi cpa3bi Ha cppoHTe KpMCTannii3aqMM, 
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M36e>KaTb MHTeHcuBHoro nepeMeujMBaHMfl pacnnaßa B MOMBHT 

conpuKOCHOBeHna nocneflHero c xonoflwnbHUKOM, perynnpoBaTb 

Meia^JiocTaTMHecKoe fläßneHMe Ha cppoHTe KpncTaj-mw3aMHM, HapyiuaTb 

H B03o6HOBnyrrb KOHTaKT xojiOflnribHMKa c pacnnaBOM B npoL(ecce 

KpncTannM3ai4MM. noKa3aHo BnnflHwe MOpcfronormi cppoHTa 

KpncTanjiM3aL(MM Ha cpopMnpoBaHwe ra30KpMCTanjiMHecKnx ctpyiayp npn 

peann3aqnM ra303BTeKTkmecKoro npeBpauieHMn, B nac-moc™, Ha 

B03MO>KHocTb nopoo6pa30BaHwq, MMHMManbHbiM pa3Mep, (popiuiy H 

noBepxHOCTb nop. 

ripoBeAeHbi CMCTeMaTMHecKMe wccneflOBaHun BniiHHUH 

flaBneHM« ra3a, TeivinepaTypbi pacnnasa n MHTeHCkiBHOCTM TennooTBOAa 

Ha reoMeTpMKD n CTpyicrypy ra30KpncTajinn4ecKMx KOJIOHIIW. 

YcTaHOBneHO, HTO TeMnepaTypHaa 3aBnciiMOCTb nopucTOCTM HaxoflMTca 

B   XOpOUieM    COOTBeTCTBMM    C   TeMnepaTypHOM    KPMBOM    paCTBOpMMOCTM 

BOflopofla B MeTanne. nonyseHO KOCBeHHoe noflTBep>KfleHMe 

cymecTBOBaHMfl npoi4ecca "KuneHun" flnn ycnoBMM oS.bMHOM 

KpncTannn3aL(MM CMQTeMbi MeTann-BOflopofl. 

npeflnoweHO oöocHOBaHne flMCKpeTHoro pocTa ra30Bbix KaHanoB 

ra3apoB, ocHOBaHHoe Ha nepexofle OT HecramiOHapHoro pacnpefleneHiui 

BOflopofla B6nn3n cppoHTa KpMCTannn3aqnM K cTaL(MOHapHOMy, npw 

KOTopoM cpeflHHH npOTa>KeHHOCTb nop npfiMO nponopmioHanbHa 

BpeMeHM peann3amiu yKa3aHHoro nepexofla, yBejiMHMBaioinerocfl c 

yMeHbüjeHueM flaßneHua BOAopofla M noBbiujeHneM CKopocTM 

KpncTajinn3ai4MM. 

npeAJio>KeHa MOflerib MexaHM3Ma o6pa30BaHwa rocppa Ha 

noBepxHOCTM ra30Bbix KaHanoB, BKjiKmaiomaH nynbcaqnK) ra30Boro 

ny3bipbKa Ha cppoHTe KpncTannw3ai4MM, no3BonnBiuaH ccpopMynwpoBaTb 

ycnoBMe nonyneHMH ra3apoB c MaKpocKonimecKM maAKOw noBepxHOCTbio 

nop. 

© A.r. TuttneHKO, 2000r. 
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rA303BTEKTHHECKAfl KPMCTAriJlH3AL|km OKCMflHblX 

PACn/lABOB. 

B.IO.Kocmbipa, lO.Q.Kocmbipn 

HaqnoHanbHan MeTajinyprMHecKaa AKafleMnn YKpaMHbi 

r. flHenponeipoBCK, yKpaMHa. 

SBTeKTiiMecKoe npeBpameHMe, Ha6jiioflaeMoe npw 

KpncTanriM3aL4Mii cwcTeM "MeTa/in-BOflopofl" [1], aHanornHHO npoTeKaeT 

M B OKCMflHbix CMCTeMax [2]. OflHaKO, ra30HacbimeHne M KpMCTannM3aqMH 

OKCMflOB HMeeT cymecTBeHHbie OTJIMMMH, KaK no KMHeTMKe, TaK M no 

MopcponoruM   no/iynaeMoro   nnaBneHo-jiMToro   nopwcToro   cnnTKa.   B 

HaCTHOCTM,    B    CMCTeMax    "OKCMfl-BOflOpOfl"    OTCyTCTByeT    B03MO>KHOCTb 

o6pa30BaHMfi rnflpnflOB [3]; BpeM« "awByHec™" OKCMflHoro pacnnaßa M 

BblCOKaa     KMHeMaTMHeCKaa     BH3K0CTb     KpMCTannM3yiOLL|MXCfl     OKCMflHblX 

cMCTeM He no3BormiOT nojiHOCTbio 3acpMKCwpoBaTb B cnmKe ra30Byio 

cpa3y, - HM ycKopeHHbiM oxjiawneHMeM, HM flecpopMai^ew TBepfleiomero 

pacnnaBa [4]. 

B flaHHOü paÖOTe HSLMW wccneflOBaHbi H ycTaHOBJieHbi ocHOBHbie 

3Tanbi nopoo6pa30BaHM5q npn KpncTajinn3aMMM OKCMflHbix cwcTeM MgO- 

Al203, A!203-Zr02w CaO-AI203, oöpaöoTaHHbix H2, Ar, CH4 11 MX 

CMecnMM. OnbiTHbie CHMTKM Bbin/iaBrmnMCb M3 6pMKeTMpoBaHHOM LUMXTW 

B oflHOcpa3HOM flyroBoPi aneio-poneHM MOiflHOCTbio 150 KBT. 

ra30HacbimeHMe pacnnaBa npOBOflnnocb npM pa3/iMBKe nepe3 

rpacpMTOBbiM cpmibTp-npoßKy. PacnnaB pa3/iMBarm B 

TenjnoM3onnpoBaHHbie rpacpMTOBbie M3no>KHMi4bi pa3nMMHOM cpopMbi. H3 

cjiMTKOB Bbipe3anM nnacTMHbi, Ha KOTopbix nccneflOBanacb MOpcponorwn 

nop   M   crepeojioraH   MHrpeflweHTOB   CTpyiaypbi.   ycraHOBneHO,   HTO 

OCHOBHOM BKJiafl B 0OpMMpOBaHMe nopMCTOrO aHCaMOJIfl ra30-OKCMflHblX 

SBTeKTMK BHOCMT   KpMCTannM3ai4MOHHaa   flecpopMai4Mn, Bbi3BaHHaa KaK 
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flaBJieHneM    HacbimeHUfl,    TaK    M M36biTOHHbiM flaeneHMeM 

KpncTannn3aMMM BcneflCTBwe noBbiwemifl nnoTHOCTw M BA3KOCTM 

TBepflenDinero pacnnaßa. 

AHcaMöjib nop B onbiTHbix cmmax npefloraßneH 

ripeMMymecTBeHHO rpeusi MopcponornnecKkiMM TMnaww nop: KO/IOHMM 

miJiMHflpMHecKOM cpopMbi, o6pa30BaBUJnecfl B nepucpepuMHOM 30He; 

ny3bipbKOBbie GCpeponnTbi, cpopMnpyiOLqMecfl B oceBofi 30He; nopbi B 

BMfle paBHoCropoHMMX TpeyronbHMKOB, nonyneHHbie B criMTKax npn 

HacbimeHMM paennaBa pasnaraiomewca ra30ßow CMecbio. 

PacnpeflejieHwe M Mopcponorun nop noBTOpneT xofl o^poHTa 

KpncTan/iM3ai4Mn     M     0Tpa>KaeT     xapaicrep TennooTBOfla     OT 

KpncTajirw3yiouL(erocH cnwrxa. 3apo>Kqehwe nop nponcxoflMT npn 

TeMnepaType oKono 2900°C, oß-beMHaa ycaflxa pacnnaßa OTcyTCTByeT M 

cfcopMa ra30Bbix ny3bipbKOB 6nn3Ka K wAeanbHofi. no Mepe flocTM>KeHMa 

pacnnaBOM KpncTannn3at\noHHO - mApocTaTwnecKoro paBHOBecnn nopbi 

npwo6p6Tä)OT OKpymyk) (unnnHflpuHecKyKD) cpopMy, copneHTnpoBaHHyK) 

no HanpaBneHMio TennooTBOfla c ymoM opneHTaqnn qminHflpMHecKHX 

ocew koopflimaT - 120°. ripn ~2500°C ny3bipbKM pa3MepoM MeHee 0,2 - 

0,3     MM     BC/ieflCTBue 06-beMHoro    30HanbHoro ynnOTHeHwa 

"3aTnrnBaK)Tcyi" pacnnaBOM. Ta3 npn OTOM cerperapyeT B noKanbHbie 

MUKpooöteMbi, MHML4Mnpya npoqeccbi KoanecqeHLjmi M c(J)epoMAH3ai4mi, 

Heo6xoAMMbie flnn o6pa30BaHmq ny3bipbKOBbix nop - ccpeponwrOB. 

Cynepno3MU|M5i rpaBMTaquoHHbix cun M cwn KpncTanriM3ai4M0HH0M 

flecpopMaqnw npuBOflMT     K     o6pa30BaHMio     "poeß"     ra30Bbix 

HecnjiouuHOCTeü,     cpopMa     KOTopbix onpeflenneTcn     cieneHbio 

nepeoxna>KqeHMa pacnnaßa M HanpaßneHneM fleücTBua cun 

Aeo^opMaMnn. Flo Mepe 3aTBepfleBaHna paennaBa nocne npoxox<AeHMfl 

3BTeKTMHecKoro MHTepBana TeMnepaiyp Hapnfly c MenKMMM nopaMM 

cpopMwpyeTCfl      ßonbwoe      KonimecTBO      npoTaweHHbix     CKB03Hbix 
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KanminapHbix KaHanoB, Be/iMMMHa KOTopwx BO MHoro pa3 npeBbiwaeT 

pa3Mepbi nepBMHHbix KpMCTannoB LunwHenn, MTO co3flaeT npeflnocujiKM K 

CpOpMMpOBaHMK)    30H    nOpOB3aHMOfleMCTBMfl.     3T0    MO>KHO    Oß-bflCHMTb 

fleficTBiieM cn/i HaBefleHHOM flecpopiviaMMM npw nepeoxnax^eHMii 

cjiMTKOB B MHTepBane Me>Kqy HMHUAMM conwflyc M riMKBMflyc - 

l»i36biT04Hoe flaBneHne ra30HacbimeHkm npMBOflMT K o6pa30BaHWK> 

"flecpopMaL(MOHHbix BiixpeM", HapywaiomMx noKanbHyio cnnouiHOCTb 

pacnnaßa M MHMqMnpyioiUMX nopoo6pa30BaHne no KannnwipHbiM 

KaHanaM. MHTeHCMBHoe ynnoTHeHne pacnnaßa npowcxoflMT OKOHO 

TeMnepapbi 1800°C, OH CTaHOBMTCa KonnonflHbiM, o6nacTM B03p,ev\CTBua 

KpMCTannn3ai4M0HH0M flecpopMauMM flncKpeTM3MpyiOT Ha ero 

MUKpooSteMbi, CBH3aHHbie Me>Kqy coöoPi KaniinnapHbiMM KaHanaMM. ripn 

TeMnepaType Hwwe 1500°C nopbi npnoöpeiaiot HanpäBJieHHyio 

Mopcponormo "KonoHwanbHoro" ™na, ux BennHMHa He3HaHMTenbHO 

B03pacTaeT c yBenMHeHi/ieM BpeMeHM Haxox<fleHMfl pacnnasa B 

Me>KKpnTMHecKOM MHTepBane TeMnepaTyp M flaBneHna ra30Hacbii^eHMn, 

npuneM 3aBncnMOCTb Me>Kqy BpeMeHeM BbiflepwKM M fliiaMeipoM nop - 

nwHeuHaa, a Me»<fly flaBneHneM M fliiaMeTpoM - B03pacTaK)Lqaa, 

rnnep6onnHecKafl. XapaicrepHOM ocoöeHHOCTbio KpncTannn3aqnn 

wccneflyeMbix ra3oapMnpoBaHHbix pacnnaBOB jiBnaeTca cpopMwpoBaHne 

wepeflytou^Mxcfl nopucTO-MOHonnTHbix cnoeB npewMymecTBeHHO B6nn3M 

oceBOü 30Hbi cnwTKa. nocne o6pa6oTKM pe3ynbTaTOB 3KcnepnMeHTa Ha 

3BM no MeTOfly KOHeHHbix pa3HOCTeM nonyweHa nwHewHaa 

3aBMCMMOCTb, cymecTByiOLnafl Me>Kfly BHewHMM KpncTannki3ai4MOHHbiM 

flaBneHneM w Mopcponorueü cpopMnpytomnxcyi nop, npwneM c 

yBennHeHneM BpeMeHM ra30HacbimeHHfl 3aBncnM0CTb npeo6pa3yeTcn B 

rapMOHMKy. PaBHOMepHO pacnpefleneHHaa nopwcTaa CTpyiaypa 

0opMnpyeTca c napaMeipaMM, M3MeHHiomMMMCfl no napaßonunecKOMy 

3aKOHy, M He 3aBMCMT OT BpeMeHM ra30HacbiineHMH. 
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BbiBOflbi: 

- npn ra303BTeKTMMecKOM KpncTannM3aqMM OKCuAHbix pacnnaBOB 

cpopMnpyeTCfl ynopnfloneHHbiM nopucTbiii aHcaMönb, COCTOHUHMM H3 

Hepe/iyK)iJHMXc?i nop M nopoBbix KaHanoB päsnmHÖH MöpfcpöJioriw, 

KOTopaa onpeflenpieTcn xapaKTepoM Tennöö^BöflÖT CTpöeWrte nop 

onpe,qermeTCfl, npHMemuejibHO K rä3oapMnpoBaHHbiM okcwflHbiM 

cMCTeMaM, Ba3KOCTbK) pacnnaBa, a TaioKe xapaicrepoM xofla dppom-a 

KpnCTannn3ai4MM w cynepnoskiuvtefi CTOKCOBCKHX H KpncTannn3aL(MOHHO - 

rpaBMTaqnoHHbix CMJI. 

- ycTaHOBneHa B03M0>KH0CTb perynnpoBaHiiy» Mopcponoran nop - 

nepeBOfla nx M3 ccpepMMecKOM cpopMbi B npasMnbHyto TpeyronbHyio npn 

HacbiLqeHwn pacnnaBa pa3naraioineMca ra30B0ü CMecb». 
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2. ABTopcKoe CBMfleTeribCTBO CGCP Ns4623456 LUanoBariOB B.H., 
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HEKOTOPblE OCOBEHHOCTM CTPyKTYPbl BblCOKOMEflMCTblX 

HyryHOB C WAPOBHflHblM rPAd>HTOM 

to. r. 5o6po, ß. A. rycanyK, IA. O. riapcpemribeea 

JlyqKMM rocyAapcTBeHHbifi TexHunecKHM yHMBepcirreT, 

r.flyi4K, YKpanHa 

B nocneflHue roflbi B Mcc/ieflOBaHunx oco6oe BHMMaHne 

yflenanocb CMHTe3y nuTefiHbix KOMno3i<iTHbix NiaTepiianoB (J1KM) c 

MMKporeTeporeHHoPi CTpyicrypoM. Pa3pa6oTKa TaKOM rpynnbi J1KM 

cBA3aHa c Mcnonb30BaHweM cepbix M 6enbix MyryHOB, coAepwamwx Meflb 

B KoniiHecTBax, BbixoflntuMX 3a npeflenbi ee pacTBopuMOCTM B Fe-C 

cnnaBax. 

B ocHOBy HayHHbix npuHqunoB co3flaHwn J1KM 3ano>KeH pnfl 

cneflCTBMM,       BbiTeKaiou^nx       M3       MHTerpaLfMM       HepaBHOBecHoPi 

TepMOflMHaMMKM M CMHepreTMKM [1]. BBOfl B MyryHbl MeflM B KOfMHeCTBaX 

6... 10% Mac. conpoBox<flaeTCfl cymecTBeHHbiM n3MeHeHweM 

cpnyKTyamiOHHOM cmyaL^nw B pacrmaBax. B CBOIO onepeflb, 

aKTMBM3npyeTcn npoqecc caMOopraHM3ai4MM HOBbix flnccnnaTHBHbix 

COCTOHHMM. 3TOT npoL(ecc, cocTOHinufi M3 6onbiiioro HMCna flMCKpeTHbix 

nepexoAOB npn 3aTBepAeBaHMM, npuBOflMT K o6pa30BaHMio HOBOM no 

CBoew npnpofle BbicoKOMeflMCToPi cpa3bi, M3BecTHOw KaK s-cpa3a [2]. Flo 

AaHHbiM pemreHOBCKoro MMKpoaHanw3aTopa IXA-733 B BbicoKOMeflMC- 

TOH cpa3e Moryr pacTBopaTbcn npaiaMMecKM Bee KOMnoHeHTbi MyryHOB, 

KpoMe ymepofla. 

B Teope-mwecKMX M npuKnaflHbix acneiaax pa3pa6oTKM J1KM 

onpefleneHHbiü ycnex AQCTumyT npw ncnonb30BaHWM B KanecTBe ocHOBbi 

Ana MX C03AaHMn nyryHOB c ujapoBiiAHbiM rpacpMTOM [3]. Oco6biii 

HHTepec npeACTaBnneT MHKpocTpyicrypa TaKnx crmaBOB, CBH3aHHaa c 

Mopcponorueü BbicoKOMeAMCTOM cpa3bi. B aKcnepMMemax yctaHOBjieHO, 
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mo B CTpyicrype OTJIMBKM BbicoKOMeAMCTan cpa3a cpopMnpyeTca KSK 

o6onom<a BOKpyr rpacpMTHbix KpncTarmwroB. 

M3BeCTHblM  [4]  Me*aHM3M o6pa3QB.a,HMH rpaCpHTHOM  OBTeKTMKM  M 

ee paccnoeHne B cnaßo 3a3BTeicniHecKnx crmaBax MO>KeT 

OTcyTCTBOBaTb, nocKonbKy rpacpMTHbie KpucranriMTbi B BbicoKOMeAHCTbix 

nyryHax He cnywaT noA/io>KKOH f\na rpacpiiTM3ai4MM. no cymecrBy B 

BbicoKOMeflMCTbix HyryHax c LuapoBMAHbiM rpacpMTOM pe3y/ibTaTOM 

3BTeKTMMecKoro npeBpameHMH HBrmeTCfi o6pa30BaHne nefle6ypiiTa, HTO 

noflTBep>KqeHO B 3KcnepnMeHTax. 

TaKMM   o6pa30M,   npeflnoweHHbifi   MexaHM3M   KpncTannn3ai4MM 

BblCOKOMeAMCTblX  MyryHOB   C   UiapOBMAHblM   rpaepMTOM   MOJKeT   nponnTb 

CBeT Ha M3BecTHoe cnei4waniiCTaM ABoflCTBeHHoe BnnnHwe MeAM Ha 

npoqecc rpacpMTM3ai4Mn: npM HM3KMX M cpeAHMX ee KOHMeHTpaqMax 

(AO 2,0% Mac.) - KaK rpacpwrn3aTOp, a npw coAepxoHMM CBbiiue 6,0% 

Mac. - KäK AÖßaBKa, npMBOAflinafl K crr6eny. 

Cjio>kHocTb aBneHMfl, onpeAermioLMero MexaHM3M 

cpopMMpoBaHMa CTpyiaypbi B BbicoKOMeAMCTbix nyryHax c wapoBHAHbiM 

rpaepMTOM, OCTaercH AO KOHqa He BbmcHeHa M cnywm npeAMeTOM A*™ 

nocTaHOBKM AanbHewuinx wccneAOBaHMM. 
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MOPOOJIOrHfl OOCtPMflHblX 3BTEKTHK 

M.M.CnupudoHoea,   H.B.EymeHKO 

flHenponeipoBCKMu rocyHMBepcmeT, 

r.flHenponeTpOBCK, YKpaiiHa 

B paSoTe wccjieflOBann CTpyicrypoo6pa30BaHMe 3BTeKTMK B 

cnnaBax CMCTeM Fe-P, Fe-P-B n Fe-P-Mo. kbyneH cpa30Bbiü M 

CTpyicrypHbiM cocTae crmaBOB 3TMX cucTeM. 

B cwcTeMe Fe-P Ha6nioflajiM aBTeKTunecKoe npeBpai^eHne 

>K->-y+Fe3P. B npoqecce KpncTannn3aL|MM 3a3BTeKTMHecKoro cnnaBa 

nonyweHbi nepBWHHbie KpucTannbi cpoccpMfla Fe3P (puc.la), B ,qc- 

3BTeKTMHecK0M cnnaBe fleHflpMTbi TBepfloro pacTBOpa Ha ocHOBe y -Fe. 

B cucTeMe Fe-P-B B M3yMeHHbix cnnaBax KpncTannn3yeTcn Tpw 

MOHOBapiiaHTHbix 3BTeKTMKM y +Fe3B0,29Po.7i (pwc.16), y + Fe2B H y + 

Fe3B0,63Po,37(si) (pwc.lfl). B 3aBMCMMOCTM OT cocTasa cnnaBa     B ponw 

a) 6) B) 
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r) A) 

PMC.1 

nepBMHHbix KpMCTan/ioB Bbwennmca cpa3bi Fe3B0.29P0.71. £1 MJIM Fe2B. 

B MCcneflOBaHHOM KOHMeHTpaqnoHHOM flwana30He B CMcreMe Fe-Mo-P 

Ha6jiK)flaiOTCfl flBe flBOMHwe 3BT6KTMKM C pa3/iHHHOü CTeneHbio 

OKMcneHMn MMKpocTpyiaypbi npM TenncmoM TpaB/ieHnn: y +Fe3P ny + 

MoP (cM.pnc.1r). 3flecb npucyrcTByeT TaioKe TpoMHan aBTeiawca y + 

+Fe3Mo2+MoP (pwc.lB). B 3aBncnMOCTM OT cocraßa cnnaßa, B ponw 

nepBMHHbix KpMCTannoB BbiCTynatOT cpa3bi Fe3P, y win Fe3Mo2. 

Bee flBOMHbie SBTeKTHKM B flaHHbix cucTeMax, a MMeHHO, y +Fe3P, 

y +  Fe3Bo,29Po,7i,  Y +EI>    y+Fe2B     M  y +MoP  MMeic-T  CTep>KHeBoe 

MMKpOCTpoeHMe.   3BTeKTMMeCKHe   KOnOHMM   HaCneAytOT  CJDOpMy   6a30BblX 

KpMcrannoB. flßyxcpa3Hoe 3epHO y +Fe3P HMeeT cpopMy poera cpoccpMfla 

Fe3P, 6nKpncTann y + Fe3B0,29Po,7i MMeeT cpopMy pocTa s-cpa3bi. 

PacTBopeHMe 6opa B cpoccpiifle >xene3a Fe3P yMeHbwaeT 

flwcpcpepeHqupoBKy KOJIOHHM B cooTBeTCTBitM c Bbipa>KeHneM: 

(   Si \ 
< 

(   Si    \ 

\8i + S2 )v+£   \Sj +S2J y+e y+Fe3P 
(1) 
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TpoMHaa     3BTeicTMKa     y    +Fe3Mo2+MoP     MMeeT     cjio>KHyio 

MOpCpOJIOrWO. 

M3Mepn/iacb MMKpoTBepflocTb nepBMHHbix cpa3 w sBTeicrMK. 

ycTaHOBjieHO, HTO 3BTeiaMKa y + s MMeeT 6onbixiyK) TBep^ocTb, neM 

3BTeKTMKa y +Fe3P(Ha 200Kr/MM2)  M  cpaBHMMa  c y +  Fe3Bo,63Po.37. 

MMKpOTBepflOCTb    3BTeKTMKM   y   +Fe2B    He3HaHMTej1bHO    Bbiuje,    neM    y 

SBTeKTMKH y+Fe3P. 

npoBefleH      aHajiMTMHecKMM      aHann3      KHHeTwcn      pocia 

SBTeKTMHeCKMX KOTIOHMM B TpOMHblX CriJiaBaX, MMeWIHMX nnacTMHwaToe M 

CTep>KHeBoe CTpoeHiie. 3KcnepnivieHTanbH0 noKa3aHa 

npeMMymecTBeHHan 3aBHcwM0CTb flncpcpepeHL(MpoBKM cpa3 B KonoHMax 

OT yflejibHbix noBepxHOCTefi Ha rpaw-max cpa3 c pacrmaBOM. 

flocTpoeHa MOAenb MexaHM3Ma o6pa30BaHMfl TpoüHbix SBTeKTMK. 

© H.M.CnupudoHoea,   H.B.BymeHKo, 2000r. 
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OCOBJ1HBOCTI YTBOPEHHfl BArATOKOMnOHEHTHHX TBEPflHX 

P03HHHIB 3MIUJAHOrO Tuny. 

I.M. CnupudOHoea, A.n. CUMOHOB 

flHinponeTpoBCbKnii .qepwaBHMft yHiBepcMTeT, 

r.flHinponeTpOBCbK, yKpa'ma 

ripw BMHMKHeHHi po3HMHJB 3MiwaHoro Tuny noeflHyiOTbcn CMTyauii'i' 

3aMiU4eHHfl aTOMJB p03MHHHMKa 3 npOHMKHeHHHM p03HHHeH0r0 aTOMa Mi>K 

By3naMM. AHani3 MO>KrmBOCTeü yTBOpeHH« Tawx po3HMHiB Ha 6a3i 

cpepMTy, aycTeHiTy, 6opnfliB, Kap6nfliB HeoSxiAHO noHMHa™ 3 06'eMHoro 

cpaicropy. 

3MJHM B nepiofli KpucrranNHOT rpaTKM npn yTBopeHHi TBepflux 

p03«HMHiB npOHMKHeHHn-3aMiU4eHHJ1 MOXOIMBO noflaTM HacTynHMM 

piBHflHHflM: 

am.p. =a, +2-ziel(n -n)-C' +k}'(n -0,41n)-Cl''+k,'"(n -0,291r,)-(l-C! -C{'\ 

fle a, ai - nepiofl rpaTKM TBepfloro po3HMHy Ta p03HMHHHKa; 

r-i, r2 - pafliycn aTOMiB po3HHHHHKa Ta po3HMHeHoro KOMnoHeHTy; 

K1, K11, K111 -KoecpiLtieHTM, aid BpaxoByioTb B3aeM0flito; ■■ 

N- KiribKiCTb KOMHOHeHTiB B TBepflOMy p03HMHi. 

OflHO^acHa npucyTHicTb y po3MHHi ABOX MeianoTflHMX aTOMiB 

BHOCMTb KopeKTMBM y cniBBiflHOiiieHHsq, nice BM3Hanae noflBy 3aMimeHHfl 

aTOMiB po3HMHHMKa. Hanpmoiafl, po3MMHeHHJi 6opy y cpepnTi i aycTeHiTi 

noBMHHO cynpoBOfl>KyBaTMCfl 36inbiueHHflM KinbKocri aicriB 3aMimeHHa. 

ATOM ByrneqKD, AKMü 3afiMae Mi>KBy3ni 6yfle BUTMCKyBaTM aTOM 6opy Ha 
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no3nqi'i 3ani3a. 3HanHa pi3HWL|H y po3Mipax aTöMiß 6opy i 3ani3a 

frFe -TB = \0,I24 -0,073)] HM CTBOpioe flOflaTKOBMPi O6'GM ana 

npoHMKHeHHfl aTOMiB MeTanoifly a6o 3aMimeHHH jierytoMMM eneNieHTOM 3 

pafliycoM 61'nbUJMM pafliycy aTOMa 3ani3a. ToMy flna noTprnm-ix i 

SaraTOKOMnoHeHTHHx TBepflux P03MMHJB rpaHMHHe cniBBiflHotueHHa, nv.e 

3a6opoHfle npoHMKHeHHa aTOMiB MeTanoTßy noBMHHO nepeBMi^yBaTw 

noKa3HMK 0,59. MoxoiMBiCTb KOMneHcaqiT oß'eMHMX ecpeicriB, AKJ 

BMHMKaiOTb npn oflHOMacHOMy po3HMHeHHi rpaHkiqi 6opy Ta Bymeqio 

SaraTOKOMnoHeHTHMM neryBaHHHM nepeBipRrw uirrnxoM niflpaxyHKy 

Koecpiqiem-y KOMnaKTHOCTi TeTparoHanbHOi rpaTKM 6opnfly Fe2B. 

CyMicHe neryBaHH* 6opoM Ta BymeLjeM yTBOpioe yiwiOBM arm 

SaraTOKOMnoHeHTHoro neryBaHH« Cr, Mn, Si, Al. ripn qbOMy flou|inbHO 

ynBMTM iCHyBaHHfl neBHMX yrpynoBaHb B po3TaiuyBaHHi aTOMiB, 

Hanprncnafl, aTOM amoMiHiio 6y,qe OTOMem<w aTOMaMii 6opa, 3a HKHMM 

6yflyrb p03TaujoByBaTnca aTOMM xpoMy. PJCT iiiBMflKOCTi oxcmoflweHHa 

36inbaiye HK MUCJIO 3aMiLqeHb B-»Fe TaK i CTBopioe MOxenMBOCTi flna 

niflBMLqeHHa PO3HMHHOCTJ y rpsxuj, neryio<HMX eneMeHTi'B. 

yTBopeHHfl SaraTOKOMnoHeHTHnx TBepflwx PO3HMHJB Ha 6a3i 

Sopufla    Fe2B    niflTBepfl>KyeTbCfl    BUMipaivin   Tx    MiKpoTBepflocri   Ta 

MJKpOKpUXKOCTi. 

flK BMflHO, 36inbLueHHfi MiKpoTBepflocTi MO>Ke noeflHyBaTMCfi 3i 

3HM>KeHHaM MiKpoKpuxKocTi. Ane npw i^bOMy 3MJHy napaMeTpy rpaTKM 

cnocTepiraxiM TinbKM y BunaAKy niflBkimeHoro BMiCTy xpoMy. 
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MaKpoxpynKocrb 

a - MiKpoTBepflicxb neroBaHwx6opnAiB; 
6 - MJKpOKpMXKiCTb neroBamix SopufliB 

© I.M. CnupudoHoea, A.n. CuMOHoe, 2000r. 
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HCCJlEflOBAHHE 3BTEKTHHECKHX COCTABJ1JHOIHHX 

B KOHTAKTHOM 30HE (Fe-B-C)/J162 

M.M.CnupudoHoea, E.B.Cyxoean, C.B.nunaeea 

flHenponeTpoBCKMM rocyHMBepcmeT 

r.flHenponeTpoBCK, YKpanHa 

CnnaBbi Fe-B-C HaxoflHT npwvieHeHMe B KasecTBe 

HanonHHTenew KOMno3MqnoHHbix MaTepnariOB. OCHOBHI>IM Tpe6oBamieM 

K KOMno3HL(MOHHbiM MaTepnaxiaivt flBrmeTcn Tpe6oBaHwe npoMHOii 

aflre3MOHHOM CB«3II Ha Me>KCpa3Hbix rpawmax pa3flena. nocKonbKy B 

npcujeccax KOHTaKTHoro B3anMOfleMCTBHH aKTMBHO ynacTByioT 

3BTeicrMMecKMe cocraBJiHiomMe crmaBOB Fe-B-C, aicryajibHbiM aBnneTca 

MCC/ieflOBaHMe noBe,qeHMH MMCHHO STMX cocTaB/ifiiou^Mx npn KOHTaicTe 

TBepflbix HanonHMTeneü c pacnnaBneHHOfi CBH3KOM. 

CocTaBbi M3y4eHHbix HanojiHUTeneM Haxoflmiiicb B 

KOHMeHTpaMHOHHbix npeAenax 1,5-10,0%B; 0-0,4%C, 0-10,0%Cr, Fe- 

ocTanbHoe (B Bec.%). CKOpocTb oxna>KneHHfl HanonHMTenefi cocTaBJiana 

100 K/c. B KanecTBe cn/iaBa-CBfl3KM ncnonb30Banii naTyHb J162. 

MuKpocTpyiaypa KOMno3ni4WOHHbix MaTepwajiOB 

xapaKTepn3yeTcn nanmmw MacTMH Hano/iHirrena, paBHONiepHO 

pacnpefleneHHbix B Maxpuuß. Ha Me>Kcj3a3Hbix rpaHnqax co CTopoHbi 

naTyHH OTcyTCTByiOT BUflMMbie M3MeHem<m CTpyicrypbi. OAHaKO, MeTOflOM 

MPCA ycraHOBJieHo noBbiweHHoe coflepxomie >Kene3a B MaTpnije 

B6nM3M rpaHML(bi pa3flena. 

Co cropoHbi HancmHMTeneM Fe-4C-0,5B M Fe-10Cr-4C 

o6pa3yeTCH nw6o cnnouJHOM o6o,qoK; JIM6O OTflenbHbie KpwcTaxinbi B 

BMfle moSyneM, MMewiUHe nepjiMTHyio crpyicrypy, jiernpoBaHHbie Zn M, 

He3HaHMTenbHO, Cu. KpOMe Toro, M3MeHneTCfl codaB aycTemiTa B 

3BTeKTMKax Y-Fe3(C,B) M Y-(Fe,Cr)3C M3-3a pacTBopeHMn B HMX Zn M CU. 

npuseM, B OTflenbHbix MecTax o6pa3qa c HanojiHMTeneM Fe-10Cr-4C 
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BMecTO;.aycTeHwa B 3BTeKTHKe y-(Fe,Cr)3C HaömoflaeTcn TBepflbm 

pacTBop FerZn-C-Gu. 

-.Ha.rpaHimax pa3flena c HanoxiHMTennMn Fe-5B M Fe-4,7B-1,5C 

KpucTannw C: nepnuTHQM CTpyKTypoM npaKTMsecKM He o6pa3yK)Tca. B 

©epaaqe c Hano/iHMTeneM FeiSB B KOHTaicrHOü 30He BMecTO aBTeicrMKM y- 

Fe2B HaßnioflaeTGH KOHrnoNiepaT Tpex cpa3: cpa3bi Ha ocHOBe >xejie3a, 

cpa3bi c nepjiMTHOM. CTpyiaypOM M 6opnfla Fe2B. 

Oco6eHHOCTbK) CTpyiaypbi rpaHMi4 paaflena c Hano/iHMTennMn 

Fe^tOB w Fe-10Cr-10B-0,2C flBnaeTca cpopMiipoBaHne 

nepeKpMTannn30BaHHoro CJIOR, OT/iMMaiou^erocji noBbiweHHbiM 

coflep>KaHMeM >Kene3a no cpasHeHMK) c ncxoflHbiM cnnaBOM M 

npwcyTCTBMeM Zn M CU. SBTetcrnKa y*Fe2B B o6pa3L|e c HanonHnreneM 

:F.e-10B OTfiMsaeTcn OT MCXOAHOM cocTaBOM aycTeHMTan 6oriee «pynHofi 

AMCpcpepeHqupoBKOM. XOT« no aHanorMM c o6pa3LjOM, ynpoHHeHHbiM 

nacTuqaMM cnnasa Fe^5B, MO>KHO 6bino 6bi Taioxe ox<M,qaTb BbicoKow 

MHTeHCMBHOCTw npoL|eccoB KOHTaKTHoro B3anMOfleviCTBMn B Mecrax 

,pacnono>KeHMH aBTeKTMKM y-Fe2B, 3TO npeflnonojKeHiie He 

noflTBep>«aaeTCfl. B o6pa3Lje c HanonHmejieM Fe-10Cr-10B-0,2C 

nporeKaioT npoqeccbi KoajiecqeHiJiMM, npMBOflflinne K eine BojibiueMy 

pa3fl.eneHMjo (pas rpyoPro KOHmoMepaTa y+Fe2(B,C),: M nocne nponMTK« 

no ,j,rpaHkiMaM    3epeH    Fe2(B,C)    npMcyrcTByeT    TOJibKO    aycreHMT, 

Jieri4ppB.aHH.blM U[I4HK0M M, :He3HaMMTei1bH0, MeflblO. 

- ;, . B cjpyKType aBTeKTMKM C-Fe2(B,C) B o6pa3i4e c HanojiHWTeneM 

Fer?B-2C:npaiaMHecKM He npoMcxoflMT M3MeHeHktii. 

JaKMM oßpasoM, M3yHeHHbie aBTeicTMHecKne cocTaBJimoLque 

Moryr 6biTb pacnonoweHbi B cneAyK)i^MM pyiA a nopaflKe B03pacTaHnn 

MHTeHCMBHOCTM npoqeccoB KOHTaicrHoro B3anM0fleMCTBMH c MX ynacTMeM: 

C-Fe2(B,C)^-y-Fe3(B,C)-)-y-Fe3(C,B)->y-(Fe,Cr)3C-^Y-Fe2(B,C)-^y-Fe2B 

OnMcaHHbie CTpyicrypHbie M3MeHeHMfl MO>KHO o6"bncHMTb TeM, 

mo  npM  nponMTKe  HanojiHMTeneM  Fe-B-C  pacnnaBJieHHOü  naTyHHOü 
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CBH3K0M npoMcxoflMT oruiaßneHwe aycTeHma, Bxoflamero B cociaB 

3BTe«TMK. CHMweHwe TeMnepaTypw nnaB/ieHnn aycreHMTa ,qo 

TeMnepaTypbi nponwTKM (1100°C) Bbi3BaHO flncpcpy3Mew qnHKa. 3aTeM 

npw noc/ieflyioineM oxjiax^eHMM 3a cneT aneMem-OB, nepetueflujux B 

pacnnaB, Ha He pacTBOpMBuiMxcn ysacTKax HanojiHmejw HapacTaeT 

cn/ioiuHOM/He cnnouiHOü nepeKpncTannn30BaHHbiM enow. riocKOjibKy npw 

nponnTKe Kap6nflHaa cpa3a, Bxoflnman B cocTaB nefleöypMTHbix 

3BTGKTMK, He pacTBopneTC«, nepeKpncTajinn30BaHHbiM cnoü crmi/NaeTcn 

cocTaBOM cpa3bi Ha ocHOBe >Kene3a M HacjieayeT Mopcponorwto MCXOAHOM 

aBTeicrnKM c 6onee KpyriHoPi flwcpcfeepeHMMpoBKOM. 

AycTeHMT B 6opoKap6nflHoPi SBTeKTMKe y-Fe3(B,C) pacTBopaeTC« 

B MMHMManbHow CTeneHM, a B 6opnflHOM SBTeKTMKe y-Fe2B - B 

MaKCMManbHoPi. 3TO Bbi3BaHO TeM, HTO 6opnflHan SBTeicrMKa cmn-inae-rca 

6ojiee BbicoKMM coflepwaHwe >Kene3a M 6o/iee KpynHOM 

flwcpc})epeHi4MpoBKOM. ripn nponmKe nponcxoflHT onnaBneHwa 

aBTeKTMHecKOM cpa3bi Fe2B B MecTax ee KOHTaiaa c aycTeHMTOM M 

nocjieflyrotnafl ee nepeKpncTannn3ai4Hfl Ha nepBMHHbix KpwcTannax 

Fe2B. 

CHM)KeHMe  MHTeHCMBHOCTM  paCTBOpeHMH  ayCTeHMTa   3BTeKTMK y- 

Fe2B M y-Fe2(B,C) B o6pa3L|ax c HanojiHUTeryiMM Fe-10B M Fe-10Cr-10B- 

0,2C CBA3aHO CTeM, HTO o6"beM aycrreHwa B 3TMX o6pa3L(ax Heßonbiiioü, 

a cneflOBaTenbHO, KOHL^m-pai^a pacTBopeHHbix B y npwMecePi - 

BbicoKaa. 3TO, C OAHOM cropOHbi, 3aTpyflHaeT flnqbcpy3Mio qitHKa B 

aycTeHMT, a, Cflpyrow cTopoHbi, nosbiiuaeT TeMnepaTypy 3BTeicrMHecKöro 

npeBpameHM* L -> y + Fe2B. npeflno>KeHHbiM MexaHM3M 

CTpyKrypoo6pa30BaHna B KOHTaicrHbix 30Hax noflTBep>KqaeTCfl 

OTcyTCTBneM M3MeHeHMPi B CTpyiaype aBTeKTMKM C-Fe2(B,C) nocne 

nponnTKM. 

© M.M.CnupudoHoea, E.B.Cyxoean, C.B.nujineea, 2000r. 
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OCOBEHHOCTH 3BTEKTMHECKMX nPOL{ECCOB B 

KOMrmEKCHOJIEn/IPOBAHHblX EEJ1MX MYryHAX 

r.E.Eehaü, H.B.fleopmiKoea, M.O.Mameeeea 

HaqMOHanbHafl MeTajinyprnHecKaa AKafleMnn YKpaMHbi 

r.flHenponeipoBCK, YKpaMHa 

3HaHMTenbHoe noBbiujeHne SKcn/iyaTaijMOHHbix xapaicrepMCTMK 

M3HOCOCTOMKMX        6ej1blX       MyryHOB        npM        3HaMMTejlbHOM        CHMWeHMM 

coflepKaHMfl nernpyioinMx aneMem-OB BO3MO>KHO npM ynpoHHeHMM MX 

HMTpuflHbiMM M Kap6oHMTpnflHbiMM BK/itoMeHMflMM, nyreM nempcmaHMfl 

a30TC0flep>KainMMM cpeppocnnaBaMM. 

BriMHHue jieropyiomMX aneMeHTOB Ha ycBoeHne a30Ta M 

npoqeccbi CTpyicrypoo6pa30BaHM« B canaBax 3aBMCMT OT MX 

MHflMBHflyanbHoro M KOMnneKCHoro BJIMAHMH Ha aKTMBHOCTb M 

KoacpcpMLjMeHTbi aicrnBHOCTM [C], [N], K03Cpcpni4neHTbi pacnpeAexieHUfl [C] 

M   [N]   B   >KMAKOM    M   TBepflOM   COCTOHHMM,    KOaCpCpMLJMeHTbl   flMCpCpy3MM 

jiernpyiouL(MX aneMeHTOB M MX BHyrpncpa3Hoe M Me>KCpa3Hoe 

pacnpefleneHne B TBepflbix cnnaBax. Han6onbUjee 3HaneHMe 

napaMeTpoB B3aMMOfleMCTBM« jierwpyioi^MX aneMeHTOB c a30TOM (e'N) 

MMeiOT: Ti = - 0,60; V = - 0,10; Cr = - 0,046; Mn = - 0,023 [1]. 

3/ieMem-bi, o6jiaflaK5U4ne noHwweHHbiM cpoflCTBOM K ymepofly, 

KOHqeHTpupywTCfl B aBTeCTwe. 3/ieMeHTbi, oönaflaromne noBbiuieHHbiM 

cpoflCTBOM K ymepofly, oeoraiijaKiT, jcaK npaBn/io, qeMeHTMT (Km
n > 1). 

TuTaH, xpoM M BaHaflMM cunbHO yBejiMMMBatOT OT6ejiMBaeMOCTb K„  > 1. 

MOAMCpMl4MpOBaHHe    P3M    nOBblUiaeT    TBepAOCTb     M     M3HOCOCTOMKOCTb 

ßejibix BanKOBbix nyryHOB, MX cpM3MKO-MexaHMMecKMe CBOMCTBa, 

M3MenbHaeT CTpyicrypy MaTpMqbi. KpoMe Toro, ßnn nonyneHMH 

ÖMMeTannMHecKMx     BanKOB     BHyrpeHHtoio     30Hy     nonynaiOT     W3 

MOAMCpMqMpOBaHHblX CepblX M nOJIOBMHHaTblX MyryHOB C UjapOBMAHblM M 

BepMMKynnpHbiM rpacpMTOM  [2].  Be3 npMMeHeHMn  MOAMCpMLjMpoBaHMfl 
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öenbix HyryHOB B paScmeM cnoe Henb3n o6ecneMMTb CBapwBaeMocTb 

cnoeß H3 6enoro M ceporo MyryHa. 

B   HacToai^eM   pa6oie   nccneflOBann   Brummie   nempoBaHun 

BaHaflMeM, TMTaHOM, a30TOM M MOflMCpMqnpOBaHHa P3M Ha OCOÖeHHOCTM 

3BTeKTMHecKOM KpncTanjiM3ai4MM B 6enbix nyryHax. 

JlernpoBaHMe V, Ti   HN co3flaeT KapßoHMTpuflHyio ocHOBy ana 

3apO>KfleHMf1 nepBMHHOM CTpyKTypbl (PHC.1).     3Ta      OCHOBa        CJiy>KMT 

^ 

■"."•Vf^M 

I -Q'+sfe      J. 

PMC.1. nocneAOBaTenbHOCTb 3apox<fleHi<iH nepBHHHOü CTpyiaypbi, X 500 
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LjeHTpaMM KpncTajinn3aMMM p,na aycreHMTa M SBTeiaMKM. HMTpMflHbie M 

KapöoHMTpwflHbie cpa3bi noAaeriflioT pa3BMTne norpaHMHHOM riMKBaqiin 

npii pocTe nepBMHHoro aycreHirra, OTMenaeTca pe3Koe yBenMHeHwe MX 

pacTBopuMOCTM B nepBMHHOM aycTeHMTe. nepBMHHan cpa3a ynpoHHaeTca 

pacTBopaMM BHeflpeHMJi (VN, TiCN M flp.). ripoflyKTbi pacnafla 

nepBMHHoro aycTeHirra, o6orameHHoro ymepoflOM u HMTpnAawM, 

OTJIMHaiOTCH nOBblliieHHOM flMCnepCHOCTbK), TBepflOCTbK) M npOHHOCTbK). 

ripn nernpoBaHMM 6enoro a30TMpoBaHHoro HyryHa BaHaAMeM M 

TMTaHOM nonyseHO Han6onbLuee KonMnecTBo ynpoMHmoLqux cpa3, o6tnee 

MX   KoxiMHecTBO   cocTaBuno   0,065...2,110   o6.%,   cpeflHMM   pa3Mep 

HMTpWflOB 11...19 MKM, Kap60HMTpMflOB 2,0...3,0 MKM (Ta6fl.1). 

Ta6nnqa 1 

BnMflHue nernpoBaHun V, Ti, N M MOAMCpnqHpoBaHMn P3M Ha pa3Mep M 

KoriMHecTBO ynpoHHfliOLAMX cpa3 B 6enbix nyryHax 

Ns V Ti N P3M CoAep- CpeA- Mwcno 
nnaB waHMe HMM BKTIK)- 

KM BKJ1K)- 
HeHMfi, 

% 

pa3Mep 
BKJ1IO- 

SeHMM, 
MM 

MeHMM 
Ha 

1 MM2 

coAepxoHwe aneMem-o B, % KapÖOHMTpMAbl TMTaHa 
2-1 1.47 0.191 0.264 - 1.917 0.002 2819 
2-2 1.72 0.255 0.240 0.09 2.110 0.003 2021 
2-3 1.71 0.205 0.236 0.18 2.048 0.003 2181 
2-4 1.45 0.288 2.240 0.28 1.848 0.003 2251 

coAepxoHwe aneMeHTOB, % HMTpMAbl TMTaHa 
2-1 1.74 0.191 0.264 - 0.296 0.012 19 
2-2 1.72 0.255 0.240 0.09 0.065 0.006 19 
2-3 2.71 0.205 0.236 0.18 0.092 0.009 11 
2-4 1.45 0.288 0.240 0.28 0.063 0.009 37 
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PMC.2. dpyiaypa nyryHa Ba/iKOB McnojiHeHUH TnXH60 (a,B) M 

iierapoBaHHbix V, Ti, N (6,r); a, 6 - x100; B,r - x500 
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KoMrmeKCHoe nernpoBaHwe BaHaflweM, mraHOM, a30TOM M 

MOflMct)MMMpoBaHne P3M o6ecnemiBaeT M3MeHeHne MMKpoTBepflocTw 

i^eMeHTMTa Ha 8-12% w aycreHma Ha 18-36%, MMKpoTBepflOCTb nepnirra 

M3MeHHeTC« He3HaHHTeJlbH0. 

Mofln4)Mi4npoBaHne KOMnneKCHonernpoBaHHbix Senbix wyryHOB 

P3M npMBOflUT K yMeHbiueHMK) pa3MepOB ynpoHHatoa|nx HMTpuflHbix M 

Kap6oHMTpnflHbix BKniOHeHMM, M ßnaro/japa STOMy, oflHopoflHOCTM 

CTpyicrypbi (pnc.2) M CBOMCTB M3HOCOCTOMKMX MaTepwanc-B. 

npoBefleHHbiMM uccneflOBaHMflMM ycTaHOBneHa 

nepcneKTMBHOCTb npoMbiiujieHHoro npuMeHeHUfi KOMnneKCHoro 

nerapoBaHun M a30TupoBaHmi ana ynynujeHMfl CTpyiaypbi M noBbiweHMfl 

CBOMCTB Senbix BamoBbix HyryHOB. 

JlHTEPATyPA 

1. JlHHHeBCKUM B.B. TepMOflMHaMMKa M KMHeTMKa B3aWMOfleMCTBMfI 

ra30B c «MflKMMM MeiarmaMM. - M.: MeTa/inyprun, 1986. - 222 c 

2. Eenafi T.E., MaTBeeBa,M,Q- HccneflOBaHne M ocBoeHne npoijeccoB 

qeHTpo6e>KHOro niiTbR 6MMeTannwHecKMX 3aroTOBO«// ripoLjeccbi 

jiMTbH.-1992.-Ne3.-C.72-76. 

© r.E.Benaü, H.B.fleopHUKoea, M.O.Mameeeea,2000r, 
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0BPA30BAHME CKOnJlEHHI/l 3BTEKTHMECKHX 

OKCMCyJIbOHflOB P33 B flOHHOM MACTH CJ1HTKA 

T. Tumoea a, A. CmoenneHKO b 

a) HHCTmyT nepHoii MeTannyprwn HAH yKpawHbi 

b) HaL(MOHajibHan MeTannyprHHecKaa AKafleMna YKpawHbi 

MHoroHMcneHHbiMM MCcneflOBaHUfiMM, B TOM Hucne aBTopoB 

[1,2], ycraHOBneHO Hannmie CKonneHMpi P33-coAep>KaLi4Mx BKnKweHww B 

flOHHOM KOHyce KpMCTannoB CJIMTKOB cnoKOÜHbix cranew. 

CocpeflOToneHne TaKnx BKruoteHufi (xapaiaepHoe v\ nna OKCMAOB Al203 B 

c/inTKax cTann pacKwaneHHOä anioMMHtieM) CBJwaHO c o6pa30BaHneM M 

oceflaHweM mo6yxiHpHbix fleHflpmoB. MexaHM3M 3Toro cpeHOMeHa 

ABJifleTCfl npeflMeTOM o6cy>KqeHMfl M MHorowMcneHHbix flucKyccnü. 

Bojibiuoe MMcno BbiflBMHyTbix K HacToameMy BpeMeHM mnoTe3 TOJibKO 

noflTBep>KqaeT He3aBepiueHHOCTb peuueHi-m npo6neMbi. 

npupofly P33-co,qep>KaLHMx BKJiKHeHMü wccneflOBariM Ha 

MeTanne    n3    KOHyca    oca>KfleHMfl,    o6pa30BaHHoro    rno6ynapHbiMM 

fleHflpHTaMM,    COpTOBblX   CJ1MTKOB   MaCCOM   4,3. T   M   8,0   T   M   JlMCTOBblX 

cjiMTKOB Maccoü 20,0 T, BBOA cpepponepwa ocyLqecTBrmjiw Ha pa3Hbix 

3Tanax 3aTBepfleBaHMJi. OTMe^eHo n3MenbHeHne mo6y/inpHbix 

fleHflpMTOB, o6ycnoB/ieHHoe Bnn^HMeM P33-coflep>Kainkix BKjiiOHeHUM. 

rioKa3aHO, MTO BO Bcex cnywanx BK/itOHeHMH flBjintoTca flByxcpa3HbiMM 

3BTeKTimecKMMM KOHrnoNiepaTaMti cno>KHOM cpopMbi M pacnojioweHbi B 

Mex<fleHflpMTHbix ynacTKax (Pwc. 1a). Kax^aa w3 o6pa3yiounMx 

KOHmoMepaT cpa3, B CBOK) osepeflb, HeoflHopoflHa M, npn HaßmofleHnn 

nofl onTusecKMM MWKpocKonoM, npeflCTaBnaeT CO6OM ywacTKM, 

OKpaiueHHbie B pa3nnHHbie OTTeHKM ceporo M opaH>KeBoro qBeTOB. no 

flaHHbiM MMKpopeHTreHOCTpyKTypHoro aHann3a BK/itOMeHMfl COCTOHT m 

COeflMHeHMM  TpOMHOM   CUCTeMbl   P33-S-0   C   pa3nMHHblM   COflep>KaHMeM 

KMcnopofla M cepbi (Puc. 1 6). 
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PucyHOK 1. Mn«pocpoTorpacpMfl OKCMcynbcpMflOB P33 ( 500x ) B AOHHOM 

KOHyce KpucTannoB (a) M awarpaMMa xapaKTepwcTi-mecKoro M3/iyMeHnn 

(MMKpopeHreHOCTpyKTypHbiM aHann3) (6). 

KaK npaBuno, CBemo-cepafl (npw BbicoKOM coflep>KaHMM P33 - 

opai-weBan) cpa3a HBnaeTCfl MaTpimeM aBTerrnKn M COCTOMT M3 

cynbcpwfla P33 c HeSonbuJUM coflepwaHMeM KMcnopofla, a TeMHaa 

pa3BeTBneHHaa cocTaBJifnoinaa (BCTpenaioi^aflCfl M B BMfle H36brrowHbix 

BbifleneHMü) HBrmeTcn OKCncynbCpM,qoM P33. (lonyHeHHbie HaMM 

flaHHbie 06 OBTeKTMHecKOM npupofle BKniOMeHMÜ OKCiicynbcpMflOB P33 M 

pacnono>KeHMM MX B Me>KfleHflpiiTHbix npoMe>KyTKax He HaxoflHT 

06-bflCHeHMfl, Mcxoflf) M3 M3BecTHbix npeßCTaBneHiiü o cocpeflOToneHMflx 

HeMeTannnnecKHx - BKniOMeHMM   B   AÖHHOM   KOHyce   KpwcTannoB.    B 

MaCTHOCTM, flMCKyCCMOHHbfM HBJIfleTCfl MexaHM3M flOCTaBKM 3THX 

BKJltOHeHHU MJ1M COCTaBJISIIOLqMX MX 3/ieMeHTOB K MeCTy COCpeflOTOMeHUfl. 

B TO >Ke BpeMH, pe3ynbTaTbi npoBefleHHbix MccneflOBaHMM no3Borm(OT 

yTOHHMTb   MexaHM3M   06pa30BaHMJ1   CKOnneHMM  TaKMX   BKJltOHeHMM   [1-3], 

npe,qno>KeHHbiM HaMM paHee. 

nepBMHHbie P33, co,qep>Kau4ne BKniOHeHMn, o6pa3yK>TCH B 

pe3ynbTaTe B3anMOfleMCTBMfl c pacTBopeHHbiMM KMcnopoflOM M cepofi M 

cnywaT  qempaMW  3apo>KqeHMfl  rnooyjiapHbix fleHflpMTOB,   BMecTe  c 

KOTOpbIMM      flOCTaBJlHIOTCfl      B      flOHHytO      MaCTb      CHMTKa      (3a      cneT 

rpaBHTaqMOHHUx cwn n c noTOKaMM). B TO x<e BpeivtH, K MOMeHTy BBOfla 

P33 B >KMflKOM pacnnaBe npwcyTCTByioT BKJitoMeHMH FeS, MnO, MnS, 

A!203, B KOTopbix P33 3aMeinaiOT MeTannbi. Harwwkie 30Hbi BTOPMHHOM 

MMpKynnqMM pacnnaßa M 6onee BbicoKaa CKopocTb 3aTBepfleBaHwn 

npuflOHHoro     06-beMa     Aononmrrej-ibHO     npermTCTByeT     yflaneHMio 

BKJIHDHeHMM. 

MO>KHO nonaraTb, 4TO cpopMupoßaHne OKOHMaTenbHoro cocTaBa 

M cpopMbi P33-coflep>Kau^Mx BKJUoseHMfi npowcxoflMT no 

flncpcpy3H0HH0My   MexaHM3My   B    BbicoKOteMnepaTypHOM    WHTepBane 
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SBTeKTHKa      V 

3aTBepfleBaHMfl M oxna>KfleHMM TBepfloro MeTanna 3TOM 30Hbi. Tax, npi-i 

HarpeBe o6pa3LioB CTanw, MOflnt^MqupoBaHHOM P33, OToSpaHHbix M3 

KOHyca ocax<fleHMn, y>xe flo 1430 °C n MeAneHHOM oxna>KqeHMM flo 

1330°C c nocneflytomeii 3aKanK0ü, HeMeTaiuiMHecKwe BKiitOMeHMfl 

M3MeHfltoT cocTaB M pacnonaraiOTCH no rpaHuqaM 3epeH. Flpw HarpeBe 

flo 6onee BWCOKHX TeMnepaTyp (1465°C) MJIM npw 6onee fl/iMTejibHbix 

Bbiflep>KKax nonBnnioTcn BKnioneHMn, coflepxomMe Mapraineq, 

Ancf)c}jyHflMpyiOLi4MM M3 npnneraiomnx ynacTKOB MaTpMqbi. 

TaKMM o6pa30M, npeAJioweHHaa cxeMa no3BonneT o6i>acHMTb 

KaK pacnonowem-ie CKonneHnii P33-coAep>KaLi4MX BKnioneHMM no 

oTHOuieHMK) K aneMemaM nepBMHHOü AeHApMTHOM CTpyiaypbi, TaK M 

MexaHM3M MX 0OpMMpOBaHM« M AOCTaBKM B AOHHyK) 30Hy CJIMTKa. 
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© T. Tumoea, A. CmoenieHKo, 2000r. 
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SBTeKTMKa      V 

OOPMUPOBAHME MHOrOOA3HblX OKCMflOB flPH 

KOMnilEKCHOM PACKHCJ1EHMM BAKyyMHPOBAHHOI/l 

yrJlEPOflMCTOM CTAJ1M 

n.A. Mouceeea 

HHCTMTyT nepHOM MeTanjiyprnn HAH YKpanHbi 

r.flHenponeTpoBCK, YKpanHa 

OcBoeHne HOBI>IX TexHOjiornü npon3BOflCTBa crann, B nacTHOCTM, 

BHenenHOM o6pa6oTKM, BKmosaiomeM BaKyyMnpoBaHne, pacKiic/ieHMe, 

MHKponerapoBaHwe, MOflncpni4npoBaHMe, no3Bonw^o cymecTBeHHO 

yMeHbLUMTb ra30HacbimeHH0CTb n 3arpjT3HeHHOcrb HeMeTannMHecKMMM 

BKnioMeHMHMM ymepoflwcTOM KO/iecHOii CTann. 

rioBbiujeHHbie TpeöoBaHMfl noTpeömeneü K HMCTOTe CTanw no 

BKJiKJseHMaM        npeflno/iaraiOT        Heo6xoflHMOCTb        fla/ibHewiuero 

MCCneflOBaHMH  npupOflbl   MHOrOKOMnOHeHTHblX  MHOrOCpa3HblX  OKCMflHblX 

BKnioneHMü, o6pa3yK>mnxcfl B pe3yjibTaie peaKMnii KOMnoHeHTOB- 

pacKMC/iMTeneM c pacTBopeHHbiM B MeTanne KwonopoflOM. Cno>KHbie 

npoLieccbi o6pa30BaHMfi BioiioHeHMH aHajin3npyiOT, ncnonb3ya 

TepMOflMHaMMHecKne pacneTbi M 6onee KOHKpeTHbie 

MeTannorpacpMHecKMe wccjieflOBaHMfl BKJiioHeHMM B 3aTBepfleBweM 

dann. CoBMemeHMe STMX pa3/iMHHbix noflxoflOB c ncno/ib30BaHneM 

cooTBeTCTByioimix fluarpaMM COCTOHHMH no3BonaeT Sonee nonHO 

M3yMMTb npnpoAy BKJUOHeHMM B CTa/IM. 

flnn pacKMCJieHMfl BaicyyMMpoBaHHOti KonecHOü dann ncnojib3yiOT 

Al, FeTi, nopOLUKOBbiii SiCa, oöecnemiBaH nonyneHMe oöu^ero 

coflep>KaHMH Al B KonecHOM MeTaxine Ha ypoBHe 0,008%, Ti 0,012%, Ca 

0,001% M 02 0,004%. ripn nccneflOBaHMn OKCMflHbix BKruoneHMw B 

BaKyyMnpoBaHHOfi dann, pacKwcneHHow no pa3nnHHbiM TexHo/iornnM, 

OKa3anocb, MTO B npeflenax oflHoro o6pa3L(a M TeM 6onee B o6pa3i4ax 

pa3JiMMHbix   nnaBOK  o6pa3yK)TCfl   cjiowHbie   MHorocpa3Hbie   OKCMflHbie 
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SBleKTHKa     V 

BKntoMeHMjq. KoHijeHTpaqHH aneMeHTOB-pacKucriMTeneM BO BKJiKNeHwax 

onpeflejijuin peHTreHOcneKTpanbHbiM MBTOAOM. CnowHbie OKCMflHbie 

BKüiOHeHUfl Tuna aniOMMHaTOB KanbLjMM-TMTaHa coAepwarm TaKne 

aneMeHTbi KaK AI.Ca.Ti, KOHqem-pamifl KOTOpbix OT BKJifOMeHMH K 

BicniOMeHMK) M3MeHfl/iacb B LunpoKMX npeAenax, Al OT 40 AO 96%, Ca OT 1 

flO 38%, Ti - OT 1 flO 31%, HTO, HeCOMHeHHO, CBfl3aHO c pa3nMWHblM 

COCTaBOM BKriKWeHMM. 

ripupoay MHorocpa3Hbix M MHoroKOMnoHeHTHbix antOMMHaTOB 

aHann3MpoBann, npwBneKa« ABOüHyio flwarpaMMy paBHOBecHoro 

cocTOflHMfl B cucTeMe CaO - Al203 M TpoPiHyK) flwarpaMMy COCTOHHHH 

cucTeMbt CaO -Al203 - Ti02 (pnc.1). 

npoBefleHHbie pacweTbi noKa3anu, HTO npn HannHUM BO BKniOMeHwnx 

BbicoKoro coflep^aHwa Al - 80%, Ca - 10% M Ti - 5% no nepnTeiaMHecKoPi 

peaKqMM o6pa3yK>Tcn BK/noneHMn Tuna reKcaaniOMMHaTa Karibik CaO 

6AI203 M caMOCTOflTeribHbie OKCWAbi TirraHa Ti02. TuTaH MO>KeT TaioKe 

3aNiemaTb aniOMMHUM B reKcaantOMMHaTe, o6pa3ya BKJiiOHeHWfl Tuna 

Ca06(AI,Ti)203. llonyMeHHbie paoieTHbiM nyTeM Twnbi BKJiiOMeHMM 

xopouio comacyioTCfl c flaHHbiMM MHoroKOMnoHeHTHbix flwarpaMM 

COCTOHHMH (pnc.1). B CTpyicrype Taioie BKruoneHmi BbiAermioTCfl B BMfle 

CKonneHwn MenKMX - OT 1 AO 10MKM - MHoroq*)a3Hbix OKCMAOB. 

npM     yMeHbliieHMM     COAepMOHMH    Al     BO     BKJllOHeHHHX    AO    40%, 

noBbiLueHMM KOHLteHTpai^MM Ca AO 20% i/i Ti 5% B COOTBCTCTBHH C 

AnarpaMMoii COCTOAHMH pacneTbi noKa3ann, HTO HapaAY c 

reKcaanioMMHaTOM KanbqMn o6pa3yeTca AHantoMWHaT KanbqMf? 

Ca02AI203. 3TM ABa amoMMHaTa MOryT o6pa30BbiBäTb 3BTeianKy Tuna 

CaO 6(AI,Ti)203 + Ca02 Al203. 

B CTpyicrype 3TM M3MeHeHna CBH3aHbi c o6pa30BaHneM Hapnqy co 

CKonneHnaMM reKcaaniOMMHaTOB Kanbqun mo6yrmpHbix eAMHWHHbix 

AnaniOMUHaTOB KanbL|na. CreneHb mo6ynflpn3aL(MH BKruoneHHM 

noBbiinaeTCfl   c    yBerwHeHMeM     KOHqeHTpaLiMM    Ca   B   MeTanne 11, 
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3BTeKTHKa      V 

cooTBeTCTBeKHO, CaO BO BKnKMeHMflx. ripn 'COOTHoaieHMH Ca/AI Mac, 

paBHOM 0.5, npaicrnMecKM Bee o6pa3y(omwecfl aniOMMHaTbi Kanbqua B 

KonecHOM MeTanne v\Meni\ mo6yjiflpHyio cpopiwiy w,  cooTBeTCTBeHHO, 

HM3KyiO 3arpfl3HeHHOCTb CTariM OKCMflaMM. 

UTaK, onpoöoBaHne pa3nnMHbix pewwvioB KOMnneKCHoro 

pacKMcneHMa KonecHOü dann AI.Ca.Ti npuBOflMT K o6pa30BaHHK> pnfla 

MHorocpa3Hbix ariKJMMHaTOB Kanbi4MH - 3TO reKcaanioMMHaTbi w 

AMantOMMHaTbi Kambien  n MX cnowHbie coMeTaHMn. TmaH npki  3T0M 

MO>KeT       (pOpMMpOBaTb       CaMOCTOaTenbHbie       OKCklflbl       C       pa3l1MHHOM 

BaneHTHOCTbK) TWTaHa, MO>KeT coeflUHflTbca c CaO, o6pa3yn pjifl 

OKMcnoB CMCTeMbi CaO-Ti02, a TaiOKe 3aMemaTb sacTb anioMWHMfl B 

anwMMHaTax B cooTBeTCTBMw c flwarpaiviMOM Al203 - Ti02. 

KaK cneflyeT H3 flwarpaMMbi paBHOBecua, flanbHeüLuee noBbiiueHne 

BO BKJiiOHeHMnx coflepxoHMfl Ca flo 40% MOweT npwBecTM K Han6onee 

6naronpw5iTHOMy pacKMcneHWK) CTanu M o6pa30BaHwo caMOCTOATeribHOM 

nerKonnaBKOM 3BTei<TMKM co cTexMOMeTpMnecKOM $opMynoii Tuna 

Ca2AI203 + Ca5AI6014. 

© H.A. Mouceeea, 2000r. 
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3BTeKTMKa      V 

O B03M0>KH0M CTPOEHHM BHYTPEHHHX TPAHMM B 

HEMETAJU1HMECKMX BKJ1K3MEHH51X SBTEKTMMECKOrO TMnA 

C:W. TyöeHKO 

HaMMOHanbHaa MeTan/iypritsecKaa AKafleMwa YKpaHHbi 

r. flHenponeTpoBCK, YKpawHa 

K      pacnpocTpaHeHHbiM      MHorocpa3HbiM      HeMeTajuiwnecKMM 

BKJ1K)HeHMHM       B      CTajlHX      OTHOCHTCH       MHOrOHMCJieHHbie       3BTeKTMKM: 

cynbcpMflHbie, OKCiicyjibCpuflHbie, OKCMflHbie, CMJiMKaTHbie, HMTpMflHbie, 

cy/ibcpocM/iMKaTHbie, OKCMcmiMKaTHbie. B CTpyiaype TSKHX BKnioneHHM 

BC^eflCTBMe coBMecTBHoii KpncTan/iM3aL(MM cpa3 Ha6niOflaeTCH 

peryjinpHOCTb B MX pacnonowemift, CBOwcrBeHHaa aBTeKTmoM (pud), 

XOTH   B03MO>KHbl   M   KOHmOMepaTbl   Cpa3.   B   3BTeKTM4eCKMX   BK/UOHeHMflX 

HaßnioflaeTcn 6onbwoe pa3HOo6pa3ne BHyTpeHHux Me>KCpa3Hbix rpamiq. 

Me>KCpa3Hafi rpaHmja BicniOMeHMe-BKjiioHeHMe npeflCTaBwieT 

CO6OM 30Hy c onpefleneHHOM crpyicrypow, KOTopaa ormcbiBaeTCfl CBOMMKI 

napaMeipaMM: noBepxHOCTHoe HaTJOKeHcie yB1.B2 n nnotnaflb 

noBepxHOCTM FB1.B2- npHMeHemie rVi66coBOü TepMOfliiHaMUKW 

noBepxHOCTHbix «BneHMfi no3Bonnno noKa3aTb, MTO JIKDöOM napaMeTp 

M/IM CBOMCTBO CMCTeMbl B (|)a3ax 3BTeKTMMeCK0r0 BKJllOHeHMH MMeeT CBOe 

3HaMeHne mBi M mB2, a Ha rpamme BKntoneHMe-BKniOMeHMe cymecTByeT 

ero cryt^eHMe vrnvi noBepxHOCTHbm w36biTOK MB1.B2, QTnma\o\i\w\\(x\ OT 

3HaMeHMH 3Toro napaNieipa BAa/in OT rpammbi: 

M BI-B2= M - (V B1+VB2) m B2 + % (V B1 + V B2)( mB2 - mB1), 

rfle M - 3HaHeHwe HeKOToporo SKCTeHCMBHoro napaMeTpa; VBi M VB2 - 

o6-beMbi cpa3 BKJiiOMeHMa ; % - napaMeip, onpeflenaiou^Mki nonowemie 

Me>Kcpa3HOM rpaHML(bi: 

? = VB1/(VB1 + VB2). 
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SBTeKTMKa      V 

TepMOAMHaMMMeCKMÜ MeTOfl MCCJieflOBaHMfl n03BOJlfleT 

4>opManbHO paccMaTpuBaTb rpaHMLjy BKntoMeHMe-BKntOHeHne IOK 

flByiviepHyio cpa3y co cBoeii 3aBHCMM0CTbK> xHMnwecKnx noieHquanoB OT 

TeMnepaTypbi, noBepxHOCTHoro HaTflweHHfl w KOHqeHTpaqnn aneMeHTOB. 

PaccMOTpeHbi ycnoBMH cpopMwpoBaHna rpaHnq BitntoHeHMe- 

BKJiK>HeHne, no3BonflK)LMne nonyHMTb Ha STMX rpammax onpefleneHHbie 

opueHTMpoBKM. CTpyicrypa BHyTpeHHMX rpaHMq onpe,qejifleTCH 

napawieTpoM HecooTBeTCTBmi f conparaiOLUVixcH peiueTOK: 

f = (aBi - aB2)/ aBi , 

r^e aBi M aB2 - napaMeipbi KpHCTannnnecKnx peiueTOK dfsa3 BKntoneHMfl. 

npn f < 0,1 Haß/iiOflaeTCfl Manoe HecooTBeTCTBwe peiueTOK cpa3 

M CTpyicrypa rpaHMLjbi BKniOHeHMe-BicmoHeHMe MOweT OTBewaTb 

nepnoflMMHOCTM M3BecTHbix rpaHMHHbix MOfleneii Tuna PCy, nPH, P3C. 

PacneT 3HaseHMM f npOBOflMnn no napaMeTpaM peiueTOK BKruoneHwii 

(Ta6n. 1). M3 MHO>KecTBa paccHmaHHbix BapwaHTOB cpa3 aBTeicrnKw 43% 

MMeioT f < 0,1. nocKonbKy fljin OBTeKTMHecKMx dpyiayp xapaicrepHO 

opueHTaMMOHHoe cooTBeTCTBwe cpa3, Bno/iHe ecrecTBeHHO, MTO 

cymecTByeT MHowecTBo BapnaHTOB nonyMeHMH Manbix 3HaMeHMM f no 

MewnjiocKOCTHbiM paccTOflHMJiM peiueTOK cpa3 (Ta6n. 2), npMseM He 

o6fl3aTenbHO c ynacTMeM nnoTHoynaKOBaHHbix nnocKOCTen. 

HanMHue HecooTBeTCTBMfl f peuieTOK cpa3 SBTeicrMK npeAnonaraeT 

pa3BMTne Ha Me>KCpa3Hbix rpaHnqax BKinoHeHne-BitnioHeHMe 

KOMneHcaqnoHHbix npoqeccoB, npn3BaHHbix comacoBaTb 

HecooTBeTCTBue conpnraioiuMxcfl peuieTOK. npoaHann3npoBaHbi 

cnocoßbi KOMneHcai4MM Ha rpaHwqax BicnioMeHne-BicniOMeHMe: wecTKaa 

penaKcauMfl 3a CMCT ynpyroii flecpopMai4wn peweTOK cpa3 3BTeicMKn; 

o6pa30BaHne Me>KCpa3Hbix flncnoKai4nfi, AByNiepHbix flecpeKTOB ynaKOBKM 

MUM cnei4nanbHbix AByMepHbix flecfceicroB Tuna 6onbiueymoBbix rpaHnn 

coBnaflaKDLMMX     y3jnoB.     3HepreTMHecKne     ycnoBMH     cnoco6cTByK)T 
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SBTeKTMKa      V 

B03HMKH0BeHMK)    Me>Kcpa3Hbix    flMCjioKaL(MM    B    CTpyKType    rpaHMü| 

BKnioMeHne-BKniOHeHMe c nioöbiM HecooTBeTCTBweM f. 

TaßjiMMa 1. 

3HaMeHMfl HeCOOTBeTCTBMfl f peLUeTOK Cpa3 3BTeKTI<IHeCK0r0 

BKJiiOHeHMa (no napaMeipaM peuieTOK) 

Bi (a,b,c) B2 (a,b,c) f 
MnS (a) FeS (c) -0,080 
FeS (c) Al203(a) 0,015 
MnO Mn304 (a) -0,227 
Fe203 (a) CaO Fe203 (a) 0,119 
MgO Al203 2MgO Al203 -0,146 
MgO Al203 2MgO Si02 (b) -0,208 
CaO Al203 CaO 2AI203 -0,036 
FeO Si02 (a) MnO Si02 (a) 0,0123 
TiN TiCN -0,0183 
FeO FeO Si02 (a) -0,102 
FeS (c) FeO Si02 (a) 0,183 

Ta6nuqa 2. 

3HaHeHMfl HeCOOTBeTCTBMH f peiljeTOK Cpa3 3BTeKTMHeCK0r0 

BICniOHeHMfl (no Me>«nJ10CKOCTHbiM paCCTOHHMflM) 

Bi(d) B2(d) f 
FeS (110) MnS (111) -0,012 
FeS (311) MnS (311) 0,098 
MnO (220) Mn304 () -0,0056 
MgO Al203 

(311) 
2MgO Si02 

(112) 
-0,0089 

MgO Al203 

(311) 
MgO (111) 0,0021 

MnS (200) MnO (111) 0,0171 
MnO (111) FeS (201) 0,019 
TiN (111) TiCN (111) -0,027 
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PMC.1  BKniOHeHMa CkinMKaTHoPi (a) M OKCMAHOM (6) OBTeKTMKn; x500 

CM ryöeHKo, 2000r. 
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SBTeKTHKa      V 

CTPyKTyPHblE ACnEKTbl PA3PYUJEHM« MATEPMAHA TMKAfl 

B.Ui. Ma3yp, C.B KanycmwjKoea., M.E.KaauMupoea 

HanwoHanbHaH MeTannyprMnecKaa AKafleMnn YKpawHbi 

r.flHenponeipoBCK, YKpanHa 

HMeiOTcn MHoroHMCjieHHbie flaHHbie no M3yHeHHio BASKOCTM 

pa3pyiueHM5i nnacTMHHbix waponpoHHbix MaTepwanoB, oflHaKo 

KOHKpeTHbix yKa3aHMfi 06 M3MeHeHMM MexaHM3M0B pa3pyiueHMn B 

flnana30He paßoHHx TeMnepaTyp KpafiHe Mano M TeM 6onee rame 

McaneflOBaHMH He npoBOflnnncb Ha MeTajuioKepaMMnecKOM MaTepna/ie 

ceMewcTBa TMKAfl. •;   ;- 

LJenbK) Hadtöflinew pä6ofbi : HB/iae-rcä MCcneflOBaHne 

MMKpocKonMHecKwx ocoßeHHOCTeü pa3pyuueHMfl cnjiaBOB ceMewcTBa 

THKAfl B ycnoBMflx BbicoKOTeMnepaTypHbix McnbrraHufi Ha H3rn6 M 

BnnflHwe 3TMX ocoßeHHOCTeM Ha nnacTMHHOCTb M Bfl3KOCTb pa3pyuieHMJi. 

npOBeAeHbi  naHopaMHbie  cppaKTorpacpMnecKne  nccneflOBaHna 

M3J10MOB BCeM nOBepXHOCTM 06pa3L(0B        fl03BTeKTMHeCKOrO        M 

SBTeKTMsecKoro cocTaBOB. 06teKTaMM MccjieflOBaHnii ony>KHJiM niiTbie 

o6pa3t4bi, ncnbiTaHHbie npn OflHOKpaTHOM CTaTtmecKOM HarpyweHMM MX 

TpexrOMewHbiM M3rn6oM Ha ycTaHOBKe flna BbicoKOTeMnepaTypHbix 

McnbiTaHMM. TeMnepaTypy McnbuaHMM n3MeHnjin B npeflenax OT 

KOMHaTHOii flo 1000 °C. 

Ha      OCHOBaHMM      3TMX     MCCneflOBaHMM      MOJKHO      npeflCTaBMTb 

cneaytomyio cxeMy pa3pyweHHfl ßKcnepm^eHTäntHbix cnnaBOB. 

nocne McnbiTaHMM npn KOMHaTHotf TeMnepaType Bee 

MccneflyeMbie o6pa3L(bi pa3pywmiwcb xpynKO. B cnnaBax 

3BTeKTMHecKoro Tuna npeo6nafla(ou4MM MexaHM3MOM pa3pyuieHna 

flBJiaeTCH CKon . Hapnqy c cpaceTKaMM CKona HaönioflaiOTCH ynacTKH 

TeppacoBMflHoro M3.noMa M xpyrikoro MeaoepeHHoro pa3pyuueHna. B 

AosBTeKTMHecKMX cnnaBax npeo6naflaiOLt|MM *BrmeTCfi MexaHH3M 

xpynKoro Me>K3epeHHoro pa3pyweHMfl, HTO CBH3aHO c oco6eHHOCTHMM 
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SBTeKTMKa      V 

MMKpocTpoeHMfl   3TMX   cnnaBOB,   a   nMeHHo:   pa3pyujeHne   ußei   no 

OBTeKTMMeCKMM KOnOHWqM CMJIMMMAa TMTaHa, OKaMMnfllOLl^MM 6biBiuwe ß- 

3epHa. 

C noBbiiiieHneM TeMnepaTypbi ncnbiTaHM« flo 600°C Tonorpacpun 

noBepxHOCTH i43MeHaeTCfl: Ha ncmepxHOCTM pa3pyuueHMH noHBnaiOTCH 

aneMeHTbi B«3Koro M3noMa. B 3BTeirrnMecKiix cnnaBax - STO 

MMKponycTOTbi pa3MepoM OT 0,0003 flo 0,01 MM; oKOH^aTenbHoe 

pa3pyLueHMJi ynacTKOB c MWKponycTOTaMM nponcxoflUT BbimruBaHneM 

nepeMbineK Mex<fly HMMM, T.e. BH3KO. B flosBTeicTMHecKMX cnnaßax o 

noHBneHMH Bn3KOü cocraBrmioineM pa3pyujeHMJi CBMfleTe/ibCTByeT 

HaönioflaeMbiM Ha OTflenbHbix ynacTKax M3JioMa AMOHHbm penbecp. 

OflHaKO, HecMOTpn Ha nonBneHne BH3KMX 3/ieMeHTOB n3noMa, OCHOBHWM 

MexaHM3MOM pa3pyiueHHfi B cnnaßax OöOMX cocTaBOB no-npe>KHeMy 

ABnaeTCfl CKon; Ha6nioflaiOTCsi TaK we flpyme sneMeHTbi xpyriKoro 

M3noMa: ocipbie rpaHM cmini4MflOB, (paceTKH CKOjia, rpeÖHM OTpbiBa. 

nocne ncnbiTaHMM npw TeMnepaType 700°C Ö6pa3i4bi 

pa3pyujnnncb He nonHOdbio, HTO CBMfleiejibCTByeT o Bö3pacTaHMM 

nnacTMHHOCTH MaTepnana. B öoribLiieü CTeneHw paspyiiinncn o6pä3ei4 

cnnaBa SBTeKTunecKoro cocraBa: nepBMHHaa TpemwHa 

pacnpocTpaHHeTCfi B my6b 3Toro o6pa3i^a Ha 4 MM, a B o6pa3qe cnnaBa 

AosBTeKTMHecKoro cocTaBa Ha 2,5 MM. OcHOBHaa TpemnHa pacTeT nyieM 

pa3pyuieHmi nepeMbineK Me>Kfly oTAenbHbiMM BTopHMHbiMM 

MMKpoTpeu4MHaMM. CTpyicrypa, Kcropyio yflanocb Haß/HOßaTb B my6nHe 

nepBMHHOM   Tpeil|MHbl,   COCTOMT   M3   CpaCeTOK   CKOna,   COOTBeTCTByiOLUMX 

xpynKOMy pa3pyineHMio, M Hepa3BMBMLiJMXCfl my6oKnx MMKpoTpeiUHH c 

BblCOKMMM     BepTMKajlbHblMM     CTeHKaMM,      KOTOpbie     flBJIHIOTCfl      BH3KOM 

C0CTaBnjiH3LL(eM pa3pyiueHMH. Ha noBepxHOCTM o6pa3i40B B 30He 

TopMO>KeHMfl MarocTpanbHoii TpemwHbi Ha6/iK>flaK>TCfl nonocbi 

CKonb>KeHMn, KaK cneACTBue nnacTimecKC-fi flecpopMaqnn. nonocaMM 

CKonb>KeHMfl KpMCTannbi pa3flennioTcn Ha OTfle/ibHbie nacTM - namw 

CKonbweHMH.  3TM Mac™ He TOjibKO CflBuratOTcn OTHOcmeribHO flpyr 
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Apyra, oßpa3ya CTyneHbKw cflBura, HO no Mepe pa3BMTMfl flecpopMaqwn 

noBopaMMBaiOTCfl   OTHOCMTenbHO  AertcTByiOLnew   cnnbi,   M3rn6aioTcyi   M 

BblTfirMBaiOTC?.     OflHOBpeMeHHO     C     TaKMM     nOBOpOTOM,     M3rn60M     M 

BbiTn>KKoPi naweK CKonbweHkia npoMcxoflUT noBOpOT M H3rn6 OTflenbHbix 

3epeH, npuBOflfliAwe B KOHCHHOM cneTe K BbiTHMoce B,qonb HanpaBneHMH 

TeneHna no Mepe pa3BMTna flecfropMaqMei. flna cnnaBOB o6onx ™noB 

xapaifrepeH CMeiuaHHbiM xpynKO-BH3KMM MexaHM3M pa3pyuieHkm. Ponb 

MexaHM3Ma o6pa30BaHna M cnwaHiiH ivmicponop B03pacTaeT, MTO oflnaKo 

He oöecnennBaeT flocTaTaHHOM nnacTMHHocTn MaTepnana npw STOM 

TeMnepaiype. 3TO CBH3aHO c Hanw-weM B cnnaBe CTpyicrypHbix 

aneMeHTOB, xpynKO-BH3KMÜ nepexofl B KOTopbix OKKflaeTca npn 6onee 

BbicoKMx TeMnepaTypax M MX npex<fleBpeMeHHoe xpynKoe pa3pytiieHne 

Bbi3btBaeT ooiqee pa3pyuieHne MaTepnana. Grpyicrypa n3noMa 

CBMfleTenbCTByeT o BH3KOM pa3pyuueHtw MaTpwqbi B OCHOBHOM no 

MexaHM3My o6pa30BaHHH M cnwflHHa MMKponycTOT M xpynKOM 

pa3pyiueHHM CKOHOM CIHIMLIMAHOü 0a3bi. 

B MHTepBane TeMnepaTyp 800...1000°C (ana floaBTeKTHwecKnx 

cnnaBOB) w 900...1000°C (flna 3BTeKTMHecKnx cnnaBOB) pe3KO 

B03pacTaeT nnacTMHHOCTb MaTepwana TMKAfl, o newt CBMfleTenbCTByeT 

Ha6nK)flaeMoe 3HaMMTenbHoe nnacTunecKoe AecpopMnpoBaHMe (nporn6 

o6pa3L4a floaBTeKTMMecKoro cnnaBa, HanpMMep, cocTaBnaeT « 90°). 

06Hapy>KeHHbie B MecTe H3rn6a o6pa3i40B HeMHoroMwcneHHbie pa3pbiBbi 

c OKpymbiMM Kpa^MM, Memwe nopbi M MMKpoTpeu4MHbi He nonynaiOT 

paSBHTMfl      M      TOPM03HTCH      B      npMnOBepXHOCTHblX      CnOHX.      Pe3KOe 

B03pacTaHne nnacTMHHOc™ cnnaBOB B MHTepBane TeMnepaTyp 

800...1000 C MoweT 6biTb oöycnoBneHO TeM, HTO Hapnfly c BH3KI<IM 

pa3pyujeHneM MaTpi^bi nponcxoflHT nepexofl OT xpynKoro K Ba3KOMy 

pa3pyiüeHMK) n ckinnquflOB wraHa. 

© B.H. Ma3yp, C.B KanycmmiKoea., M.E.Ka3UMupoea, 2000r. 
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PRODUCTION OFGA&SOLID STRUCTURES IN ALUMINIUM AND NICKEL 
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V.l. Shapovalov* 
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Abstract 

Experimental data on directional and bulk solidification of 

hydrogen-charged samples of aluminum alloy A356 and nickel alloy 

Inconel 718 are discussed. The solidification structure of porous zone is 

shown to be dependent on many process variables. Of these, hydrogen 

content in the melt prior to solidification, and furnace atmosphere 

pressure during solidification play the decisive role. Also important are 

the furnace atmosphere composition, the solidification velocity and the 

temperature distribution in the liquid metal inside the mold. 

Introduction 

It has been known that gas-eutectic equilibrium may occur in 

metal-hydrogen systems of sufficient purity in the vicinity of melting 

temperatures [1]. This happens mainly in systems where no formation of 

metal hydrides takes place at high temperatures, like Fe-H, Cu-H, Ni-H, 

Al-H, Mg-H etc. When the metal is charged with hydrogen to a level near 

the gas-eutectic concentration, its solidification involves decomposition of 

the liquid to a solid and a gaseous phase. A variety of gas-solid structures 

may develop in the reaction [2]. Around this reaction termed gas-eutectic 

one, a process for synthesis of special-property materials was developed 

which was named Gasar process [3]. Of particular interest is what is 

called  gasarite,  a structure featuring  an  ordered  porous region  [2]. 
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Materials so structured, or Gasars display mechanical properties superior 

to porous materials produced by other ways. While gasarite is more or 

less readily obtained in binary metal-hydrogen systems, it may only form 

under special conditions, if at all, in ternary or more complex alloys where 

no explicit gas-eutectic equilibrium may be attained. 

Yet making Gasars of complex high-strength alloys far 

outperforming unalloyed metals in mechanical properties is of great 

interest for commercial considerations. So far, no consistent 

experimentation in this area was performed, the major reason being the 

notorious difficulties of work with hydrogen at high temperatures. 

In this context, a goal was set to study solidification structure 

formation in a widely used aluminum alloy A356 and an important nickel 

alloy Inconel 718 on charging with hydrogen. The basic data on 

thermodynamics of hydrogen interactions with these alloys were obtained 

previously [4]. Alloy A356 is especially popular in aerospace applications; 

hence the desire to reduce its density by 40-50 % without appreciably 

compromising its tensile properties. That this may be achieved was 

demonstrated by previous work on copper and magnesium Gasars [5]. 

Alloy 718 is known to combine very high mechanical properties with 

outstanding resistance to corrosion, particularly at high temperatures. 

However, its high density (8.22 g/cm3) severely restricts its applications in 

aerospace vehicles, so reducing the density of this alloy is even more 

urgent. 

Experiments and Results 

Commercial alloy samples were used in the experimentation. The 

composition of the alloy A356 cast bars was 5.86 % Mg, 0.13 % Ti, 0.2 % 

Fe, aluminum the balance. The alloy 718 was supplied in 12 mm rolled 

bars of chemical composition: 5.2 % Nb, 3.1 % Mo, 0.9 % Ti, 0.5 % Al, 
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nickel the balance. Hydrogen and helium of commercial purity from 

standard cylinders were used as components of controlled atmospheres. 

No special purification was carried out. A mechanical vane pump was 

used at the roughing stage to provide a vacuum of 10 to 50 |atorr. All 

experimentation was performed on a unit described earlier [4] that 

belongs to Liquid Metal Processing Laboratory of Sandia National 

Laboratories, Albuquerque, New Mexico. The partial pressures of 

hydrogen and argon were varied from 0.01 to 2.0 MPa. The temperature 

was measured by a W-Re thermocouple. In experiments with A356 it was 

protected by an alumina sheath and introduced into the melt. With Alloy 

718, it was placed within the stopper rod at 50 mm off the crucible bottom 

and backed up by a pyrometer. The melting process was monitored by an 

outside videocamera while the mold was supervised with an internal 

videocamera. A sample of liquid alloy weighed 2 to 5 kg for A356 and 4 

to 9 kg for 718. A casting was subjected to density measurement by 

hydrostatic weighing, then cut across its structural zones to determine the 

local void fractions and pore morphology characteristics. In some cases, 

microstructural characterization and chemical analyses were performed. 

Two solidification modes were investigated, namely directional 

solidification and bulk soljdificaton. 

The directional solidification route was as follows: 

• heating and melting the charge in a controlled atmosphere, 

• 10 min holding the melt at constant temperature and partial pressures 

of the gases, 

• tapping the melt into a cylindrical mold 165-250 mm in diameter 

having a copper base and ceramic walls, and 

• solidification under controlled— varied or constant — pressure. 

The velocity of directional solidification was varied by changing the 

thickness of ceramic dressing of the copper base, the water flow velocity 

in the copper chill, and the tapping temperature. 
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The bulk solidification involved the following steps: 

• heating and melting the charge in a controlled atmosphere, 

• 10 min holding the melt under constant conditions, 

• cooling the alloy down to or slightly below its liquidus temperature, 

• tapping the melt into a ceramic mold minimizing heat losses, and 

• varying  gas   pressure   above  the   melt  at  a   preset   rate   during 

solidification. 

The major process variables in this series of runs were the 

pressure variation rate in solidification, the solidification velocity, the 

tapping temperature, and the rate of melt cool-down to liquidus. 

Alloy A356 

The directional solidification of A356 results in a macrostructure 

featuring two zones, Fig. 1. Compact spheroidal pores having relatively 

small diameters, 0.1 to 2.0 mm, occur in the bottom zone that adjoins the 

copper base. Their diameter increases by a factor of 2 to 3 from bottom 

to top. The pores show a uniform, although not ideal distribution through 

the zone. At the casting top there is a zone of large gas holes whose 

shape is replicated at the casting surface. 

:;•• 

o*o* 
*  • ■ 

t * £••« 

Figure 1. Schematic of directionally solidified A356 Gasar 

macrostructure. 
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O.O 0.04 0.08 Pressure, MPa 

Figure 2. Influence of solidification pressure on void 

fraction of directionally solidified A356 Gasar ingots. 

Hydrogen charging pressure 0.5 MPa, charging and 

teeming temperature 900 °C. 

Trie void fraction values averaged across the casting and within 

the ordered zone are mainly dependent on the hydrogen pressure, the 

holding temperature, and the gas pressure in solidification.-Ä all other 

process variables exert much less control. The solidification pressure has 

an especially marked effect, Fig. 2. Yet the influence of pressure is 

not uniform over its entire range. Above 0.04 MPa, its effects are hardly 

observable/Conversely, even minute pressure variations within the range 

from 0.005 to 0.01 MPa lead to dramatic changes in the void fraction. 

This a cause the broad scatter in the lower pressure range. Fig. 2 shows 

an abrupt rise in Gasar void fraction as the pressure is lowered below 
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0.02 MPa.  However, the void fraction even in successful directional 

solidification runs did not rise above 30 %. 

The bulk solidification normally resulted in spheroidal pore shape, 

although compact pores of complex shape also formed, Fig. 3, left. The 

distribution of pores across the casting was much more intricate than in 

directionally solidified ingots and was dependent on the temperature 

distribution in the melt at the instance of pressure change. This factor was 

found to be highly important because it determined conditions of 

hydrogen bubble nucleation and growth. When some region was too cold, 

the solidification lead the bubble growth, making the region low-porous. 

When the local temperature was too high, the bubbles grew more rapidly 

than did the solid, became large and floated up to the melt surface. As a 

result, a low-porosity material formed in place of the overheated melt 

region as well. Therefore, various macrostructures could develop when 

no special measures were taken to equalize the melt temperature 

throughout the casting, Fig. 3. 

Figure 3. General macrostructura! types of bulk- 

solidified A356 Gasar ingots. Left: uniform 

temperature distribution in the melt. Rest: nonuniform 

temperature distribution. 

The overall and local void fractions alike were greater in bulk 

solidified materials than in directionally solidified ones. The major factors 
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affecting void fraction were the pressure difference between the holding 

and the solidification step, the melt tapping temperature, and the rate of 

melt cool-down to liquidus temperature. 

The overall and local void fractions alike were greater in bulk 

solidified materials than in directionally solidified ones. The major factors 

affecting void fraction were the pressure difference between the holding 

and the solidification step, the melt tapping temperature, and the rate of 

melt cool-down to liquidus temperature. 

Worthy of special mention are pore dimensions and shape. The 

average pore size ranged from 0.5 to 10 mm, depending on the terminal 

pressure and the starting temperature of pressure decline in solidification. 

Titanium additions also played a part, for they enhanced hydrogen 

solubility in the melt and facilitated gas bubble nucleation. The latter 

effect is associated with formation of fine particles of refractory 

intermetallic TiAI3. These have a very low surface energy and act as 

bubble nucleation sites when the pressure is reduced. Microstructural 

characterization revealed that the TiAI3 crystals have a plate^like shape 

and predominantly are found at hydrogen bubble surface. The hydrogen 

bubbles adhere to the aluminide particles rather strongly, so that the 

thermodynamic impetus for and the rate of bubble coalescence are 

markedly reduced. Also hindered is mechanical removal of bubbles from 

the solidifying melt via upward floating. As a result, the final void fraction 

is further increased. The maximum void fraction achieved by bulk 

solidification was 78 %, the pores having a complex compact shape and 

an average size of 4 to 8 mm. 

lnconel718 

The directional solidification of hydrogen-charged Alloy 718 

results in a  macrostructure generally featuring four zones.  Similarly 
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oriented pores normal to the copper bottom make a honeycomb structure 

in the casting bottom section that contacts the water-cooled chill, Fig. 4. A 

relatively shallow zone of coarse pores, sometimes coalesced to form 

disk-shaped cavities, is found above the bottom zone. This type results 

from coalescence of neighboring pores as these grow in the honeycomb 

zone, so the region in question may be termed the coalescence zone. 

Above this one, a zone of more or less compact pores having complex 

dendrite-like shape is revealed. Further, the top portion of casting is 

where large subsurface bubbles (pores) concentrate. The overall void 

fraction of the honeycomb and the coalescence zone was about the same 

and ranged from 5 to 67 %, depending on the Gasar process variables. 

The void fraction was primarily affected by the hydrogen charging 

pressure and the argon pressure in solidification. 

The absolute and relative dimensions of the zones also are 

dependent on conditions of melting and solidification. It is possible to 

produce castings having only one of the above zones or any combination 

of two or three of them. To do this, however, the mold shape and material 

and the sample weight sometimes have to be changed. For example, the 

copper base was in some cases replaced by non-cooled slabs of graphite, 

ceramics or steel 25 mm thick. 

Furthermore, «twin-plate» casting was performed using a couple 

of similar or dissimilar plates spaced 1 to 25 mm apart. Following are the 

most important findings of those runs. The cooling plate material affects 

Gasar structure and void fraction fairly strongly. It is always possible, 

however, to select the pressures of hydrogen and argon and the tapping 

temperature so that a desired structure and void fraction (up to 65 %) will 

be achieved in cast sheets up to 25 mm thick. 
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VW 

Figure 4. Schematics of Alloy 718 Gasar ingot 
macrostructure produced by directional (left) and 
bulk solidification (right). 

In-situ production of sandwich constructions in Inconel 718 is thus 

feasible. Such Gasar sheets 1 to 2 mm thick with an overall void fraction 

of e.g. 45 % may consist of a porous core and two nonporous skins. 

The bulk solidification resulted in formation of only two structural 

zones, Fig. 6. The major part of the casting was occupied by a region of 

fairly coarse dendrite-like pores. Practically no honeycomb zone was 

found. The overall void fraction turned out to be just a fraction higher than 

in directional solidification. Although somewhat surprising, this finding 

lends itself to explanation. First, the surface energy of nickel is much 

greater than that of aluminum, so the hydrogen bubbles are much more 

apt to coalesce in Alloy 718 than they are in aluminum. In this connection 

it should be remembered that the velocity, pf bubble emersion increases 

with the bubble size. Second, the buoyancy force acting on a hydrogen 

bubble of a given size in the nickel alloy is three times that in the 

aluminum base alloy. The bubbles therefore tend to rise much more 

rapidly and the hydrogen to escape the melt and/or the mushy zone more 

quickly before the solidification is completed in the nickel alloy. 

It should be noted that structure formation in bulk solidification is 

not completely understood. More in-depth studies are probably needed 

into the effects of such factors as the temperature at which reducing the 
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pressure is started, the rate of pressure reduction, and the rate of 

temperature reduction down to the liquidus. These issues, however, have 

fallen outside the scope of the present study. 

Conclusions 

With the alloy A356, Gasars may be produced by directional and 

bulk solidification alike. In both cases, however, the attempts to obtain a 

honeycomb structure have not met with success. 

With no special additions, aluminum alloy Gäsärs^can only be 

made by solidification under pressures below 0,1 MPa. 

Additions reducing the energy at hydrogen-solid metal interface 

facilitate nucleation and individual growth of gas bubbles. This enhances 

the void fraction, makes the results more consistent, and enables Gasar 

synthesis via solidification at and above 1 atm pressure. 

With Alloy 718, honeycomb type structures with void fractions up 

to 65 % may be obtained in layers up to 25 mm thick by directional 

solidification. No honeycomb morphology is observed in bulk solidification 

which results in a peculiar dendrite-like shape of pores. 
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NEW TITANIUM BASED METAL-CERAMIC MATERIALS 
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Dniepropetrovsk, Ukraine 

One of the most critical problems in the production of state-of- 

the-art engines is related to the improvement of the efficiency of 

machines and units. The problem can be solved both by the 

implementation of engine power augmentation techniques and by 

reducing heat losses in the cooling system. In this case the heat density 

in the parts of the piston - cylinder group of internal combustion engines 

is increased to such a degree that the load-carrying capacity of 

conventional structural materials has turned out to be exhausted. 

This has stimulated numerous attempts to solve the problem of 

improving reliability and durability of augmented engines both by means 

of purely design-oriented solutions (implementation of local cooling, local 

strengthening), and by applying of reinforcing inserts made of wear- 

resistant materials, such as austenitic cast iron of the Ni-resist type. Such 

solutions make the article design and the production process more 

sophisticated, and increase their cost. 

The experience gained in designing engines of a new generation 

with an operating cycle approximating an adiabatic one, in Which the heat 

losses are drastically decreased, has shown that such engines can be 

manufactured only if principally new structural materials are to be 

employed. 

To make sure that these materials could provide for the 

previously not attainable temperature-power parameters of the unit's 

operation, they should feature the following set of properties: high- 

temperature strength, resistance to high-temperature gas corrosion, and 

cracking resistance, low density, low thermal conductivity and thermal 

260 
©Eutectica-V 



SBTeKTHKa      V 

expansion coefficients. Two classes of materials meet these 

requirements most efficiently: structural ceramics and metal-ceramic 

alloys. 

In the world practice of engine manufacturing known are 

developments of the new generation of engines in which ceramics are 

used based on oxides, carbides, nitrides and more complex compositions 

/1-3/. However, the level of mechanical properties of those materials, in 

particular, their cracking resistance, is inadequate. This limitation, as well 

as the high cost of the articles made of the latest ceramic materials, 

hampers their wide use. 

Among other things it is known that under the conditions of abrupt 

temperature changes, metal-ceramic materials feature a higher 

resistance to thermal shocks /4/, and which is of primary importance, a 

higher resistance to dynamic loads as compared to ceramics. However , 

the majority of the metal-ceramic materials used for manufacturing of 

engine parts, have a high thermal conductivity and fail to provide 

adequate thermal insulation of the combustion chamber. 

Metal-ceramic materials are mainly produced by means of 

powder metallurgy technology using rather sophisticated, expensive and, 

quite often, explosion hazardous equipment which requires special 

premises. The production technology features two critical parameters: 

milling fineness of the metallic and ceramic ingredients, and quality of 

their mixing. In the latter case close packing has to be provided so that 

each particle of the ceramic component has to be surrounded by a certain 

number of metallic particles, and vice versa. In such case the 

technological compatibility of the ingredients should be taken into 

consideration, i.e. their ability to dissolve the atoms of the other 

component in the solid and liquid states, the probability of contact fusion. 

All that makes the technological process more complex, and 

increases the cost of the ultimate product. 
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In view of this, the metal-ceramic structural materials of the 

eutectic class are more advanced and technologically friendly. They are 

manufactured using existent casting and foundry equipment, do not 

require sophisticated and costly installations for milling and blending of 

the ingredients. Dispersity of the phase components and their close 

packing in the space are provided by the parameters of the melt 

solidification process: linear crystallization rate, temperature gradient 

concentration of technological and natural impurities. 

The advantages of eutectic composite materials have been 

implemented during the development of the compositions and technology 

of a family of titanium-based metal-ceramic materials /5,6/ generally 

identified as TICAD. 

Table 1 shows the physic-mechanical properties of TICAD 

materials in comparison to some most widely used ceramics. The table 

demonstrates that alloys of the TICAD family comprise a new class of 

structural materials which effectively combine the most valuable 

properties both of metallic and ceramic materials /7,8/: 

- low density, thermal conductivity, thermal expansion comparable 

with relevant values for structural ceramics; 

- high strength characteristics at 700-830° C service temperatures; 

- high stability to crack development, substantially higher than that for 

ceramics; 

- high specific strength within a wide temperature range, comparable 

with similar values for commercial titanium alloys. 

The combination of such properties which would be estimated as 

mutually incompatible for conventional materials, has become feasible 

due to the implementation of the eutectic mechanism of strengthening 

which was not realized earlier in conventional titanium alloys. 
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Table 1 

Property (at 
20°C) 

TICAD 
(Cast) 

Ti-6AI-4V Si3N4 

Maximum Use 
Temperature 

(°C) 

800 500 1400 

Density (g/cmJ) 4,58-4,63 4,40 2,40-3,40 
Thermal 

Conductivity(W/ 
mK) 

5,9-7,0 7,0 15-20 

Coefficient of 
Thermal 

Expansion (106/ 
°C) 20-800 °C 

8,5-10,0 10,0 3-5 

Hardness (Re) 40-48 36-40 - 
Young's 

Modulus (Gpa) 
141-146 110-120 250-320 

Ultimate Tensile 
Strength (MPa) 

650-950 900-1000 150-450 

Elongation (%) 0,3-0,5 5-10 0 
Compressive 
Yield Strength 

(Mpa) 

1650 1000-1250 

Compressive 
Relative 

Deformation (%) 

5 4-6 

Fracture 
Toughness 
(MPa/m1/2) 

17-21 60-70 6-10 

Both structural components, i.e. the alloyed titanium matrix and 

the lamellar or rod-like particles of the reinforcing phase are 

simultaneously crystallized in the melt being cooled down, forming a 

natural composite. Depending on the concentration of the alloy 

components we are able not only to obtain a large(up to 50%) volume 

fraction of the basic Ti5Si3 reinforcing phase, but also crystals of other 

intermetallic phases which additionally strengthen the alloy (Fig.1). 
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Thus, depending on the alloying complex and on the production 

process parameters, the materials of the TICAD family can be subdivided 

into three groups: 

- heat temperature resistant (HT) 

- oxidation resistant (OR) 

- fracture toughness resistant (HFT) 

An analysis of the results of property tests and structure studies 

has shown that the TICAD family alloys meet a wide range of 

requirements set to the state-of-the art structural materials, thus allowing 

to consider them as perspective materials for thermally-stressed ICE 

parts. 

Bench trials of diesel engines with the piston-cylinder group parts made 

a b c 
Fig. 1 .Characteristic microstructures of the TICAD family alloys: 

a - HT, b - OR, c - HFT, everywhere - x 200. 

of the new materials have demonstrated their high reliability, durability in 

the high temperature and corrosive environment of the combustion 

chamber. The running time during the tests of one of the experimental 

engines according to an accelerated procedure at the PA Vladimir 

Tractor Plant was equivalent to 10000 motor-hours. This allows to offer 

the   new  TICAD   metal-ceramic  materials  for  manufacturing   of the 
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following parts: piston body, piston head, cylinder head bottom, gas 

turbine wheel, turbo-supercharger inlet, atomizer, connecting rod. 
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JlHTEÜHblE 3BTEKTMMECKHE CflJlABbl oc-AI + Mg2Si 

flJlfl  BblCOKOTEMnEPATYPHOrO  nPHMEHEHI/m 

O.M. Bapaöauf, H.fl. Kopxoea", T.H. flea/on3, O.B. CyribxeHKO3 

a) MHCTMTyT MeTannocf)M3MKM HAHY 

r. KweB, YKpanHa 

b) MHCTMTyT npo6neM MaTepnanoBefleHMfl HAHY 

r. KneB, YKpaMHa 

nepcneKTMBHbiMM fljia pa3pa6oTKH BbicoKOTeMnepaTypHbix 

cnjiaBOB nBJinioTCfl cnnaBbi TpoMHbix cwcreM, B KOTopbix MMeiOTca 

KBa3n6nHapHbie    ce^em-ia    Nie>«fly    MeTannoM    M    TyronnaBKOii    M 

TepMOflMHaMMHeCKM yCTOMMMBOM MHTepMeTannMflHOM Cpa30fi [1]. K TaKMM 

npnHaflne>KMT TpoPmaa CMCTeMa Al-Mg-Si, 3BTeKTWHecKne a-AI + Mg2Si 

cnnaBbi KOTO-POM, pacnonoxeHHye wa KBa3n6nHapHOM ceneHMU, wMeiOT 

BbicoKyio TeNinepaTypy nnaBneHMfl, öonbiuyio oöteMHyio flonio 

ynpoHHfiKDineM cpa3bi M xopoiune nuTefiHbie CBOMCTBa. 

Pe3y/ibTaTbi TepMOflUHaMUHecKoro aHann3a [2,3] M 

BbinojiHeHHoe SKcnepMMeHTanbHoe wccneflOBaHMe flwarpaMMbi 

nnaBKOCTM STOM cucTeMbi [4] noKa3ann, HTO KOHOfla Tpexcpa3Horo 

OBTeKTMMecKoro paBHOBecMfl L <=> a-AI + Mg2Si c MaKCMManbHOM 

TeMnepaTypoM (597°C) M HyneBbiM HHTepBanoM nnaBneHMfi SBTexTMKM 

cMemeHa OTHOCnTenbHO cTexMOMeTpwHecKoro ceneHMfl B oönacTb 

cnnaBOB, o6orameHHbix MamiieM. nocTpoeHue KOHqeHTpatjMOHHOfi 

3aBMCMMOCTM TeMnepaTypu M MHTepBana nnaBneHna SBTeKTMHecKoro 

npeBpameHUH no3Bonnno onpeAenwTb rpaHnqbi o6jiacTM flByxcJ)a3Hbix 

npn KpMCTannM3aqnM 3BTeKTMMecKnx cnnaBOB M cocTaBbi cnnaBOB, 

onTMManbHbix c TOMKM 3peHn« MX BbicoKOTeMnepaTypHoro 

ncnonb30BaHMfl. 

K HeflocTaTKaM SBTeKTMHecKMX cnnaBOB STCTO Knacca OTHOCMTCH 

MX OTHOCMTeribHO HM3Kafl  npOMHOCTb  M  nfiaCTMMHOCTb.  Ann  nOBbllUeHMfl 
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ypOBHH      MexaHMHeCKMX      CBOWCTB      CnnaBOB      M3yneHa      B03MO>KHOCTb 

flono/iHUTenbHoro ynpoMHeHMfl MaTpwubi flwcnepcHbiMM nacTHMaMM, He 

B3aHMOflePlCTByK)lHMMM C 3BTeKTMHeCKMM BOJIOKHOM. 

M3BecTH0 [5], HTO JiernpOBaHMe cnnaBOB anwMMHMH Sc w Zr 

npMBOflMT    K    nOBblLUeHMIO    ypOBHH    MexaHMHeCKMX    CBOWCTB    3a     CMeT 

o6pa30BaHMH flMcnepcHbix KorepeHTHbix MaTpuqe nacTnq AI3(Sci.xZr,(). 

BbicoKaa TeMnepaTypa CTapeHmi ana BbifleneHMfl OTMX nacTnq M Manas 

cKopocTb Mx KoarynauMM o6ecneHMBaeT TepMimecKyio CTa6wnbH0CTb 

CTpyKTypbi. fliia cnnaBOB 3BTeKTMHecKoro cocrraBa HaMM onpe.qe.neHO 

onTMManbHoe coflepwaHwe w cooTHOiueHwe 3TMX sneMem-OB, KOTOpoe He 

npMBOflMT K M3MeHeHMK) cpa30Boro cocTaBa, npaKTunecKM He CHwxraeT 

TeMnepaTypy onaBJieHkm M 3HaHHTeribHo ynpoHHaeT canaB. riofloÖHbie 

MCCJieflOBaHMq npoBefleHbi p,nn flpyrax aneMeHTOB, TaKwx KaK Cr, Ti, Mn, 

Cu M flp., nernpoBaHne KOTopbiMM no3BormeT peann30BaTb, Hapyifly c 

KOMn03MmiOHHblM,    TBepflOpaCTBOpHblW    M   flMCnepCMOHHblÜ    MexaHM3Mbl 

ynpoMHeHwn. BbißpaHbi M onTMMM3wpoBaHbi pexwMbi TepMMHecKoü 

o6pa6oTKM KOMnneKCHO-jiernpoBaHHbix SBTeKTunecKnx cnnaBOB. 

nposefleHHbiM MeTajinorpacpMHecKMM aHann3 noi<a3an, HTO 

3BTeKTWKa a-AI+Mg2Si OTHOCMTCA K orpaHeHHO-HeorpaHeHHOMy icnaccy, 

KpncTanriM3ai4MH KOTOPOM HaHMHaeTca c noymneHMH M pocTa 3apoflbnuew 

MHTepMeTan/iMflHoPt    cpa3bi    Mg2Si    c    nocneflyioi^MM    pa3BMTneM 

SBTeKTMHeCKMX KOriOHMM.   COBMeCTHOe  BBefleHMe  CKaHflMfl  M  14MPKOHMJ1  B 

6a30BbiM cnnaB npwBOfluT K n3MeHeHmo MopcponorwM nepBMHHbix 

fleHAPMTOB MeTajinnnecKOM cpa3bi M H3MenbHaeT SBTeicniHecKyio 

CTpyicrypy. 

CTpyicrypa M cpa30BbiPi cocTaB SBTeKTunecKnx cnnaBOB 

oöecnennBaiOT BbicoKne 3HaHeHna noi<a3aTeneM n3HOca, ocoßeHHO npw 

noBbiLueHHbix TeMnepaTypax B yc/ioBwax flUHaMMHecKoro HarpyweHMa, a 

TaioKe xopotiine Koppo3woHHbie M sneKTpoxuMunecKMe xapicrepucTUKM. 
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MexaHnnecKne wcnbrramifl KOMnneKCHO-nerapoBaHHbix cnnaBOB 

3BTeKTMMecKoro cocTaBa B TeMnepaTypHOM HHrepBane 20-400°C 

noKa3ann BbicoKUü ypoßeHb npoHHOCTHbix CBOMCTB, npwneM wx 

npenMyu^ecTBO   nepefl   flpyruMH   nuTePiHbiMM   cn/iaBaMM   anioMHHMfl 

B03pacTaeT c yBenuneHneM BpeMemi BbiflepwKii M TeMnepaTypw 

McnbiTaHun; B MmepBane TeMnepaTyp 250-400°C npoHHOCTb 

aBTeicnmecKMX cnnaBOB flocTwraeT peKopflHbix 3HaneHMM. 
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APPLICATION  OF THE  NEW EUTECTIC ALLOYS  FOR WELDING 

AND BRAZING OF THE HEAT-PROOF MATERIALS 

V.V. Kvasnitskyy, V.F. Kvasnitskyy, A.N. Vorobjev 

Ukrainian State Maritime Technical University 

Nikolaev, Ukraine 

1. Introduction. 

The major heat-proof materials in modern transport engineering 

industry are: nickel-base age hardenable alloys, age-hardened composite 

and non-metallic materials. When making the integral joints of these 

materials a whole number of problems arises. 

The heat-proof age-hardenable nickel alloys, when using fusion 

welding, show a significant tendency to a weld-area cracking both during 

the welding process and during heat treatment. For the treatment of the 

cracking it can be used the Eutectic Ni-Ni2B, as welding wire with B. At 

present, Ni-Cr-B-Si alloy is generally used for brazing super alloys, but 

some disadvantages appear in use. For example, B is easy to form block 

brittle primary borides due to low solubility in super alloys. 

It is known that brazing is made without melting of base metal at 

the expense of brazing alloys in which some elements named 

depressants, are introduced to fall the temperature. B, Si, Pd, Mn and 

others are used as depressants for nickel-base super alloys. Last time Zr 

and Hf are used. But they don't descrease the complex of alloys abilities. 

For increasing of lasting strength of alloys 2% (mass) of Hf is introduced 

into the modern super alloys. 

Creation of brazing alloys with Hf is complicated by the absence 

of the phase diagrammes of Ni-Hf alloyed by elements which come into 

the composition of nickel-base super alloys, in particular by Cr. Cr is the 

most important element of the brazing alloys which provides their heat- 

resistance. 

 — ——  2fiQ 
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The information on system Ni-Zr-Cr is brought, but is on system 

Ni-Hf-Cr it is not enough; Even the information on binary system Ni-Hf in 

literature is very contradictory. That is why the aim of this work was to 

study the low of influence of the alloying elements on the phase 

composition; and properties of system Ni-Hf, which determine the 

effectivness of alloys and the quality of brazing alloys. 

Application of Hf as depressant based on the existence in Ni-Hf 

system of eutectic between y-Ni and intermetallic Ni5Hf with melting point 

1190°C. Analysis of literature showed that eutectic concentration of Hf 

determined in a very wide interval. That is why the eutectic concentration 

of Hf in binary system and then in many components systems was 

determined at first. 

2. Experimental procedure 

In Ni angle of the systems Ni-Cr-Hf, depending on Cr and Hf 

concentration two types of monovariant eutectics are brought out: 

e1 = y-Ni(cr)+Ni5Hf(cr); e2 = Y-Ni(cr)+Ni7Hf2(cr). 

Comparison of data for alloys with Hf and alloy with Zr alloying by 

Cr confirms the analogy in their construction. The influence of Cr in 

systems is identical and only the microhardness Ni7Zr2 is lower than the 

microhardness of Ni7Hf2. The microhardness of intermetallic Ni7(Hf, Zr)2 

changes accordingly at different correlation between Zr and Hf in alloys, if 

they introduce into alloys in common. On the base of the received results 

isothermal and polithermal series of sections was built for the system Ni- 

Cr-Hf which show the character of phase equilibrium's and alloys 

crystallisation that allows to construct new brazing alloys in depending on 

their purpose and max temperature of heating of the base metal. 

For brazing of nickel-base super alloys the most favourable are 

brazing alloys of eutectic content with 5% Cr. This excludes the harmful 

influence of the thermal cycle of brazing on the alloys peculiarities. It is 
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necessary to notice that Hf provides high heat resistance and resistance 

against high temperature salt attack. That is why there is no necessity of 

high concentration of Cr in alloys. 

Brazing alloys with 15-20% of Cr can be used for brazing of the 

disperse strengthened alloys which are got by the methods of powder 

metallurgy. Investigations of many components alloys at use of Hf and Zr 

as depressant showed that Hf and Zr substitute each other completely. 

Their chemical connections make up the infinite series of solid solutions. 

In this case eutectic alloys are priority for brazing alloys. For the 

determination of eutectic concentration of Zr and Hf was made a suppose 

that they substitute for each other proportionally. It is confirmed by 

experiments that this substitution is subordinated to the linear 

dependence. As the eutectic with Zr has the melting point lower then 

eutectic with Hf so the melting point of eutectic is fallen proportionally to 

atomic concentration at alloying. 

Conclusions 

1. The most suitable for the brazing of traditional nickel-based super 

alloys are alloys of eutectic content of the system Ni-Cr-Zr and Ni- 

Cr-Hf which contain, 9,6-9,8% at. Zr, or 9,4-10,6% at. Hf and Cr up 

to 5% at. 

2. For the brazing of disperse strengthened alloys with are got by the 

methods of powder metallurgy can be used eutectic alloys of the 

systems Ni-Cr-Zr and Ni-Cr-Hf with more high content of Cr - up to 

15-20% at. 

3. The calculation of composed solder fractions, dense packing of filler 

and using of solders with Hf and Zr allow to provide the properties of 

restored parts on the level of base metal properties. 

© V.V. Kvasnitskyy, V.F. Kvasnitskyy, A.N. Vorobjev, 2000. 
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4>OPMHPOBAHHE CYBrPAHMMHOM 3BTEKTHKH B CMCTEMAX 

HHKEflb-JlAHTAHOHfl 

B.E. OnbuiaHewuü, A.A. üucapCKUü 

3anopo>KCKMM rocyflapcTBeHHbiw TexHMnecKWM ym-iBepcureT 

r.3anopo>Kbe, YKpanHa 

SneKTpOHHOOnTMHeCKMM aHa^M3 flBOMHblX CUCTeM BblCpKOHMCTblM 

HMKenb (99,9999%) - MMKpofloßaBKa naHTaHOM/ja (Ce, ka) noi<a3an, MTO 

npn He3HaMMTenbHOM coflepwaHMM nocneflHefi, oflHaKO npeBbiiuaioineM 

HeKOTopyio KpnTMHecKyK) KOHi^eHTpaujMK) (6onee 0.8x10"4 ai. ,qoneM)[1], 

Ha flMcnoKaMMHX cyörpaHMMHbix cxeHOK oÖHapywMBaioTCfl MHKpoBbifle- 

neum BTopoii cpa3bi (Ce wm La)Ni5 B Biifle "nymc™pHbix" uenoneK 

3BTeiCTMHeCKMX CyOMaCTMM (pMC. 1). 

O6pa30BaHMe TaKoro po/ja "TOHKOü" 3BTeKTMKH npOMCXoflm npn 

flOdaTOHHo BbicoKOM TeMnepaType, KOTopaa flna CMcreMbi Ni-La 

cocTaB/iaeT 1270°C, a ßnr\ CkicreMbi Ni-Ce - 1210°C. ripw STOM Ha 

6ojibLueyrnoBbix rpaHwuiax npw coflepwaHMflX naHTaHOMfla, 

oßecneHMBatoinMx, comacHO paoieTaM [1], nepecbimeHMe nio6bix 

BHyTpeHHMx rpaHMM pa3flena, BKnioneHMH MUKponacTUM (P3M)Ni5, He 

HaßntoflatoTcn. 

nOCKOJlbKy    3Cp(peKT    CpOpMMpOBaHMfl    Cy6rpaHMMHOil    SBTeKTMKM 

Kacancn   TonbKO   flucnoKaqnoHHbix   deHOK,   npeflCTaBnano   wHTepec 

BblflCHMTb HMCTO TepMOflMHaMMHeCKMe npWHMHbl 3T0r0 flBJieHMfl, a TaioKe 

ycTaHOBMTb KOHqeHTpaqMOHHyio 3aBHCMMOCTb yma pa3opneHTnpoBKn 

cy6rpaHnqbi, HaHWHan c flOKpMTMwecKMx KOHqeHTpaMUM MUKpofloSaBKH 

naHTaHOMfla, npw KOTOpbix cyöMacTUMbi SBTeKTnnecKoro 

MHTepMeTanriMfla eine ceöa HMIOK He oGHapywuBaiOT. 

SKCnepuMeHTbi (MOflenbHaa CMCTeMa Ni-Ce) noKa3ann [2], HTO 

yron pa3opneHTMpoBKM CMewHbix cy63epeH, pa3,qeneHHbix flMcnoKaqMOH- 

HOM     CTeHKOM,     M3MeHfleTCfl     SKCTpeManbHO,     OÖHapy>KMBa51     MaKCMMyM 
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MMeHHO npM KpMTMMeCKOM COflepXOHMM peflK03eMenbHOM MMKpOflOÖaBKM. 

ripn 3äKpnTMHecKOM coflepxoHMi qepweBoii MMKponpMcaflKM pa3opneH- 

TupoBKa CMe>KHbix cy63epeH HecKonbKO yMeHbuiaeTca M npw STOM 

cpMKCiipyeTCfl HariMHiie cyörpaHUMHOM "nymawpHOM" 3BTeKTHKn (puc. 1). 

PMC. 1 "nyHKTupHan" 3BTeKTMKa Ni-(P3M)Ni5 Ha fliicnoKamiOH- 

Hbix CTeHKax: a) CMcreMa Ni-Ce; 6) CMcreMa Ni-La, x30000 

H3MeHeHwe yma cy6rpaHH«HHOM pa3opneHTnpoBKH B cpyHKqwi coflepwa- 

Hwa MMKpoflo6aBKn (c iionesaioi^e ManoPi pacTBOpiiMOCTbio B HMKene npn 

jiio6bix TeMnepaTypax) Heo6xoflMMO cBH3biBaTb TonbKO c MeHflioineMcn 

CTpyKTypoPi OTAeiibHbix nepnoflMHecKM noBTopyHomwxcfl y^acTKOB flucno- 

Kai4MOHHOM rpaHML(bi pa3.qe.na. 

nocKOjibKy B ycnoBMflx 3aflaHH0M opweHTaqnn ocew fleHflpMTOB pac- 

CTOHHue Nie>Kqy flncjioKai4naMM B CTeHKax TaioKe ,qon>KHO coxpaHHTbca 

Hen3MeHHbiM, TO "Bcnnecic" pa3opneHTnpoBKH npw KpnTunecKOM co- 

flep>KaHMM i^epMa (xiaHTaHa) MO>KHO o6"bacHWTb cpopMnpoBaHneM creHOK 

M3 MHoroKpaTHbix av\cnoKauy\vi, "cnpoBoqupoBaHHOM" HanuMweM 

3HawnTenbHoro nucna "n36biT0MHbix" aTOMOB nam-aHoiifla B Kpii- 

CTajinn3npyK)U4Mxc« ocTaTKax WKAKOPI cpa3bi. Mofle/ib o6pa30BaHun 

MHorocTeHOMHofi rpaHMqbi, cocTaBneHHOM no cyu^ecTBy m "CBepx- 

flucnoKaHMM", B flaHHOM cnynae HBHö He roflmca, T.K. cpopMnpoBaHMe 

TaKux flncnoKai4MOHHbix  rpaHMq TpeGyeT  noflxo/ja   Sonbworo  nwcna 

"CBe>KMX" flMCnOKaMMM  M3  aiCTMBHÖ fleMCTByKDlUMX "MCTOHHMKOB",  a  3T0  B 

paccMaTpMBaeMoii CMTyaqMn HBrmeTca coBepiueHHO HepeanbHbiM. 

PaCCMOTpMM TeOpeTMHeCKyK) B03MO>KHOCTb CpOpMWpOBaHMfl yCTOMMMBblX 

rpaHnq   CMMMeTpMHHoro   HaitnoHa,   cocTaBneHHbix   M3   MHoroKpaTHbix 
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KpaeBbix flMCjioKai4MM M CTa6Mnn3npoBaHHbix aTOMaMM naHTaHOMfla (MX 

nnHeüHbiMM cerperaMMHMM). Comacne TeopeTHMecKnx oqeHOK ymoB 

pa30pneHTMpoBKH cy63epeH c AanHbiMM npHMbix SKcnepMMem-OB, 

BKriKHan   ymbi,    npw    KOTopbix   yx<e   Ha6nK>Aa(0Tca   cyßrpaHMHHbie 

MMKpOHaCTMqbl, CMO>KeT nOATBepflMTb KOHLjermMK) B03HMKHOBeHMfl 

"TOHKOM" SBTeKTMKM Ha CKOnJieHMflX MHOrOKpaTHblX KpaeBblX flMCJlOKaMMM. 

3aBMCMMOCTb M3MeHeHna ynpyroM CBoGoflHOM 3Hepran npn (popMwpo- 

BaHMM TaKoro ppfla CKonneHMM (cTeHOK) B (J)yHKi4MM yma pa3opiieH- 

TMpoBKM 0 M cpaKTopa KpaTHOCTw flncnoKa|4MM GTefHKM q B HaweM 

cnynae 6yfleT onpeflennTbCfl cneAywiMMM BbipaweHi-ieM: , 

C0 q(q - 1) 
b2{\ + e) 

a2 - I 
(0.8 - LnO) •-—;—- In q 

q 

—-•- -Ge2r0- - 4Ger0 q 
3      1 - v 

e 
TTAS„(c). 

B flaHHOfi cpopMyne nepBoe cnaraeMoe xapaiaepM3yeT 

M3MeHeHne yAenbHOM 3Heprnw AwcnoKaMnoHHOM cTeHKM (Ay(B,q)), 

BTopoe - M3MeHeHne ynpyrow 3HeprnM BcneACTBue Hajinnmi cerperai4MM 

npuMecHbix aTOMOB (AUz(0,q)), a TpeTbe cnaraeMoe 0Tpa>KaeT 

M3MeHeHne KOHcpnrypai4HOHHOM 3HTponnn pacnpeAeneHkw aTOMOB 

npiiMecM BAOJib HMHMM AMcnoKaMUM. ripn STOM G - MOAynb CABwra; b - 

Beicrop Eioprepca; v - KoacpcpimweHT riyaccoHa; s - pa3MepHbm cpaKTOp 

npMMecHoro aTOMa; c - JiMHeMHaa KOHLjeHTpauiHfl aTOMOB npuMecu; 

q(q -1) / 2 - KOHCpurypai^MOHHbiM cpaicrop nonepenHoro 

pacnpeAeneHMH aTOMOB npuMecu. 

ripn pacMeTax npuHMMariM, MTO csl n npeHeöperann OTHqcmenbHO 

cnaöbiM BjinflHueM 3HTponnüHoro (fcaKTopa. Pe3ynbTaTbt jaiaix pacneTOB 

npMBeAeHbi Ha pwc. 2. 

AHann3 nonyneHHbix HucneHHbix oueHOK p,nn oSeux cwcreM noKa3an, 

HTO    AncnoKaMMOHHasq    rpaHUMa,    cocTaBneHHasi    M3    TpexKpaTHbix 
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flMcnoKaL<Mii, HawnHaeT oSecneMMBaTb TepMOflMHaMnnecKUM Bbmrpbiiu c 

pa3opMeHTiipoBKM # = 12...14' (PMC. 2,6), HTO xopoiiio cornacyeTCq c 

3KcnepnMeHTanbHbiMM flaHHbiMM, KacaioinnMncn BJIMAHMH Ljepwfl Ha 3Ty 

xapaicrepMCTMKy. FlocKOjibKy npw pacneiax yHMTbiBanw MaKCWManbHyio 

cTeneHb HacbimeHMH flwcnoKaijMM aTOMaMM nawaHOMfla, Kcropaa 

OTBenana KpMTMHecKOfi KOHqeHTpaqiiM, TO nio6oe nocne,qyiOLnee 

yBennseHne coflepaOHwa MWKpoflo6aBKM qepun (naHTaHa), ecTecTBeHHO, 

flon>KHO 6bino npuBecTM K o6pa30BaHMKj cy6rpaHMMHOM 3BTeKTMKM w 

HeKOTopoMy yMeHbiueHMio pacneTHoPi pa3opneHTnpoBKM cy63epeH (w3-3a 

Bnn^HMfl 4>aKTopa KOHCpnrypaL|MOHHOM aHTponnn), HTO TaioKe Hauino 

yflOBneTBOpntenbHoe 3KcnepnMeHTanbHoe noflTBep>KfleHMe [1,2]. 

Ay,AY,Aüj,xI0-4Ä«(q=3) 
0.6r 

AU^XIO^AK 

209. 

PMC. 

a 

SaBMCMMOCTb 3HepreTMHecKMX     napaMeipoB      rpaHMqw 

CMMMeTpMHHoro HaxnoHa OT HananbHoro yma pa3opMeHTMpoBKM 0 flnn 

MOflenbHOM CMcreMbi Ni-La: a) npw pa3jiMHHbix q , 6) npM q = 3 . 
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OCOBJ1HBOCT» CTPYKTyPOyTBOPEHHfl Y riJlA3MOBHX 

nOKPMTTflX 

E. A. EenbHiKoe, BT. LUeeneMO, O.B. Cpwoe. 

3anopi3bKMM flep>KaBHMM TeXHiMHMM yHiBepcMTeT 

M. 3anopixoKH, YKpama. 

Po3po6Ka B rany3i noBepxHeBoro 3MiL(HeHHfl KOHCTpyKqiMHUx 

MaTepianiß e OAHMM 3 HanpnMiB piiueHHn npoßneM niflBumeHHfl 

HafliMHOCTi.,.T'ä--',:''A|>BrpßiHHpcri BnpoSiB MaujMHo6yAyBaHHH. 3oKpeMa, 

HaHecefiHfi MeianeBMx 3axucHnx noKpmriB ra30TepMiHHMMM MeTOflaMM 

A03Borme 3HaHH0 niflBMLMyBa™ pecypc po6om neianeü MaujMH, o(0 

npai4K)K)Tb B yMOBax TepMOxiMiHHO'f epo3ii Ta 3HOiuyBaHHH (fleTani 

ABMryHJB BHyTpiujHboro 3ropaHHfl, ciuiocpopMyioHoro iHCTpyMeHTy TOLAO). 

nepcneKTMBHMM B MbOMy Hanp^MKy e noKpurm eBTeKTMHHoro Tuny. 

C     TepMOAMHaMiHHOI      TOHKM     30py     eBTeKTMHHi      KOMn03MI4iMHi 

MaTepianM BMHHTKOBO CTa6inbHi. XiMNHi noTemjiianM MaTpwqi Ta 

SMiqHioioHoT cpa3M B TaKMX cMCTeMax piBHi, TOMy B nepiuoMy Ha6rw>KeHHi 

B HMX BiAcyTHa xiMiMHa B3aeMOAifl Mi>K KOMnoHemaMM. Cnei^wcpiKa 

MopcponoriT eBTeKTMHHMX MiKpocTpyicryp TaKOw BW3Hawae TepMMHy 

CTaGiiibHicTb, M OT>t<e, BMCOKJ MexaHiHHi BnacTMBOCTi npn niABMineHiix 

TeMnepaTypax. 

3 yMOBM TexHonoriHHOCTi M eKOHOMiMHOCTi 3HaHHMM iHTepec 

BMKiiMKaiOTb eBTeKTUHHi noKpwrrfl Fe-Cr-B-Si-C, 1140 OTpMMyiOTb 

nna3MOBO-AyroBMM HarwneHHHM i3 3acTocyBaHHHM nopouiKOBMx APOTJB. 

TaKi noKpMTTfi CKnaAaioTbca 3 nnacTMHHO'i CTaneBoT MaTpwqi, 1140 

3MiqHeHa CKnaAHMMM Kap6o6opMAaMM pi3H0T CTexioMeTpiT: 

(Fe,Cr)23(B,C)6, (Fe,Cr)2(B,C), (Fe,Cr)3(B,C) Ta (Fe,Cr)7(B,C)3 TOIAO. 

Mopcponorm nacTMHOK Kap6o6opMAHoT npnpoAM BM3Ha4aeTbca 

cniBBiAHOiueHHflM    KOMnoHeHTiB Ta yMOBaMM KpncTani3ai4iT.    tlpMHOMy 

BMCOKJ   3HaHeHHn   LUBMAKOCTJ   oxonoAweHH«   («105oC/c)   po3nnneHoro 
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Meiany npn KpucTanisayiT npuminyiOTb picT KpucTaniB eBTeKTMKM, Pi 

OT>Ke, 3a6e3neMyK)Tb yTBopeHHH TOHKOflMcnepcHoro KOHmoMepaTy 

(pnc.1a). 

Ane npn 3HasHOMy (3-4 %) BMJCT 6opy Ta 3MeHLueHHi UUBMAKOCTJ 

oxonofl>KeHHfl HannneHoro tuapy MO>Ke MaTH Micqe yTBopeHhm 

Kap6o6opnfliB ronKonofli6HoT cpopMH (pnc.16). Ilpn nna3MOBOMy 

HannneHHi rpafliem- TennoBiflBefleHHa, AK npaBwno, e HOpMaribHUM flo 

noBepxHi, mo BiflHOBnioeTbCfl. TaKi yMOBM pocTy KPMCTaniB 3MJI4HIOIOMOT 

Cpa3M e CnpMflT/lKBMMM Ta niABMlHyiOTb 3HOCOCTJMKiCTb HaHeceHwx LuapiB. 

PMC. 1. MiKpocTpyKTypa noKpnrriB cucreMM Fe -Cr-B-Si-C, x500. 
a    -    TOHKOflwcnepcHMM    KOHmoMepaT;    6    -    Kap6o6opnfln 
ronKonofliOHO'i cpopMW. 

BucoKOTeMnepaTypHMPi Biflnan noKpwriB Ha 3ani3HM OCHOBJ 3a 

pex<MMOM, flKMPi 3a6e3neHye KoaryrmLjiK) cpa3 BTineHH«, fl03Bonne y 

lUMpoKOMy fliana30Hi 3MiHiOBa™ Tx TBepflicTb Ta TexHonoriHHicTb npw 

o6po6i4i. 

Ha niflCTaBi aHani3y npoBeaeHnx .qocniflweHb BCTaHOBneHO, mo 

eBTeKTMHHi    nOKpMTTfl    3    nOpOUJKOBMX   flpOTJB    CMCTeMU    3ani30-xpoM- 

KpeMHiPi-6op-Bymei4b He nocrynaioTbCfl 3a CBO'I'MH xapaicrepMCTWKaMH 

noKpnTTJiM 3 MaTepia/iiB Ha HiKeneBM OCHOBJ. U40 TaKOxc o6yMOBnK)e 

eKOHOMiMHy floqmbHiCTb Tx 3acrocyBaHHR 

© E. A. Be/ibWKoe, BT. UleeveHKO, O.B. Cpwoe, 2000r. 
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<DA30BblE PABHOBECMfl M TEPMOflMHAMMHECKME CBOMCTBA 
PHASE EQUILIBRIA AND TERMOQINAMIC PROPERTIES 

3BTEKTHKA HA PYEE>KE TblCHMEJIETHM 
K).H.TapaH      5 
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