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Currently, one of the promising methods of silumins mechanical properties improving is a melt thermal
time treatment. Its effect is most often associated with changes in the structure during melt overheating
and aging and with positive effect of these changes on alloy structure after crystallization. Although the
fact that a certain close-order structure is realized in metal melts is now considered indisputable, the
problem of transformations possibility in melts structure remains debatable. In previous studies, the
thermodynamic parameters of Al-Si system melts were determined based on experimentally determined
equilibrium compositions of the liquid and solid phases at different temperatures. The results of the analysis
gave reason to assume that the structure of specified system melts may change, depending on the composition
and temperature. In this paper, in order to further clarify the issue of the possibility of structural micro-
heterogeneity and transformations of Al-Si system melts structure, the experimentally established valuesof
components activities has been compared with the known calculated data obtained under the assumption of
meltsstructure immutability. It has been established that at significantly higher than the liquidus tempera-
ture, the specified calculated parameters of the liquid phase are no longer able to adequately describe the ex-
perimentally established concentration dependences of Al-Si systemmelt components activities. This fact may
indicate the possibility of changes in the structure of aluminume-silicon melts when the temperature changes.
In addition, the results of analysis of experimental data on the concentration dependence of Al-Si system
meltsintegral enthalpy of mixing do not contradict the idea of possibility of structure changingof this system
melts when the silicon content in them changes. The results obtained provide grounds for further research of
Al-Si system meltsstructure changespossibilityusing the analysis of temperature-concentration dependences
of their associative composition and experimental research of temperature dependences of structurally sensi-
tive properties (for example, electrical resistance).
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1. INTRODUCTION mutual intersection of two "cigars", which appear when
the equilibria between the liquid phase and each of the
two solid solutions are considered independently [1].
Therefore, in [2], for the Al-Si system, these two types
of equilibrium were considered independently (liquid
phase — aluminum-based solid solution and liquid
phase — silicon-based solid solution). According to the
methodology [2], the thermodynamic parameters of the
phases were determined by the experimentally estab-

The study of the physical and chemical
characteristics of metal melts is an important part of
modern metallurgy. However, many issues regarding
the structure and properties of melts of metal systems
require further research. The fact that a particular
close-order structure is realized in metal melts is
considered indisputable. However, the question of the
possibility of transformations in the structure of melts lished coordinates of the points that belong to the cor-
remains debatable. Therefore, based on ideas about the responding branches of the liquidus line and solidus
micro-heterogeneity Of melts of eutectic systems (on the lines. It should be noted that the data [2] were obtained
example of the Al-Si §ystem), an assessment of the only based on information about the equilibrium com-
thermodynamic probability of tr.ansformatlons of the positions of the phases. They are consistent with gen-
structure of melts upon changing temperature and erally accepted information about the temperature-

compositi'on 'becon?es relevar}t. . concentration dependences of the Gibbs potentials of
The liquidus line of a binary state diagram of the the phases of the Al-Si system [3].

eutectic type can be presented as the result of the
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It was established that when considering the equi-
librium between the melt and the aluminum-based
solid solution independently, the calculated values of
the coefficients of the interaction parameter in the lig-
uid phase coincide with the values obtained in [2] dur-
ing the joint analysis of the equilibria between the melt
and two solid solutions. At the same time, when
independently considering the equilibrium between the
melt and the silicon-based solid solution, two solutions
were found for the parameters of the liquid phase. The
first solution (the value of the coefficients of the inter-
action parameter in the liquid phase) entirely coincides
with the solution obtained in [2] under the assumption
that the structure of the melt does not depend on its
composition and temperature. For the second solution,
the calculated values of the interaction parameters in
the liquid phase differ significantly from those obtained
in the first case. Therefore, for these two cases, the
concentration dependences of the free energy of the
liquid phase are also significantly different. On the
curve of the concentration dependence of the free
energy of the liquid phase obtained from the
equilibrium between the silicon-based solid solution
and the melt, a noticeable upward bulge appears at the
melting temperature of silicon. This indicates the
structural heterogeneity of the melt. This gave reason
to assume that the structure of melts of the Al-Si
system may change depending on the composition and
temperature [2].

To further clarify the issue of structural micro-
heterogeneity and the possibility of structural trans-
formations in melts of the Al-Si system, it seems ap-
propriate to compare the experimentally established
values of partial molar free energies and activities of
components [3-9] with calculated data.

2. MATERIALS AND METHODS

Melts of pure components are chosen as standard
states. Therefore, the expression of the temperature-
concentration dependence of the free energy of the
liquid phase takes the form:

G(x,T)=x(1-x)G,(x,T)+

+R'T'[x~lnx + (1 —x)~ln (1 —x)] ’ W
where x — content of silicon in the phase, mol. particles;
T — absolute temperature, K; x(1 — x) ‘Go(x, T) — free
energy of mixing in the liquid phase; R — universal gas
constant. R = 8,31 J/mol K; Go(x, T) — temperature-
concentration dependence of the interaction parameter
in the liquid phase [2].

G,(x,T)=-15046.6 +0,759T +4549.8 x —

@)
-3.33T"x +4022x* — 2.76 T-x”

The paper calculated the concentration dependences
of the partial molar free energies of the melt
components at the corresponding temperatures from
the expression for the free energy of the liquid phase:

for aluminum: Gai(x) = G(x) — x 0G(x)/0x
for silicon: Gsi(x) = G(x) + (1 — x) 0G(x)/0x
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The concentration dependences of the activities of
the components aai(x) and asi(x) at a given temperature
of the melt were determined through their partial mo-
lar free energies:

aal(x) = exp(Gal(x)/R-T)
asi(x) = exp(Gsi(x)/R-T).

3. RESULTS AND DISCUSSION

There is a coincidence of the experimentally
obtained values of activities and partial molar free
energies of aluminum and silicon with those calculated
during the analysis of the concentration dependences of
the thermodynamic parameters of the melt components
of the Al-Si system (Figs. 1-3).
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Fig. 1 — Concentration dependences of the partial molar free
energy of aluminum in melts of the Al-Si system:
————— — calculated at a temperature of 827 °C;
calculated at a temperature of 1427 °C;
experimental data at a temperature 827 °C;
+ — experimental data at a temperature 1427 °C

o —

This coincidence is characteristic of the temperature
range in which both branches of the liquidus line of the Al-
Si system are determined (from the eutectic 577 °C to the
melting temperature of silicon 1414°C. In turn, at
temperatures exceeding the melting temperature of silicon,
there are significant discrepancies between the
experimentally determined and calculated values (Fig. 2, 3).

The calculation model cannot adequately describe
the liquid phase under conditions of significant over-
heating (over 1414 °C). That is, changes in the struc-
ture of melts of the Al-Si system, which occur during
overheating above the liquidus temperature, are not
taken into account by the adopted model. It should be
especially emphasized that the calculation model (1)
includes the temperature-concentration dependences of
the mixing parameters in the phases.

In turn, thermodynamic parameters were calculated
based on experimental data at equilibrium compositions of
solid and liquid phases in the range of temperatures at
which the liquidus line was experimentally determined.
Therefore, the applied model can implicitly consider
possible changes in the structure of melts in the specified
temperature range. At the same time, the functions
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describing the thermodynamic parameters of the phases
can level out sharp changes in the thermodynamic
parameters of the phases.

Its apparent continuity is due to the initial
assumption that there are no changes in the structure
of the melt, as well as the natural desire when building
a thermodynamic model to obtain functions in which at
least the first derivative is continuous. It should be
noted that sharp changes in thermodynamic
parameters indicate changes in phase structures.
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Fig. 2 — Concentration dependence of activities aluminum and
silicon in the melts of the system Al — Si: a — at a temperature
1200 °C; b — at a temperature 1300 °C; ¢ — at a temperature
1427 °C; o — experimental values of aluminum activity;
o — experimental values of silicon activity
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Experimentally determining the activity of melt
components with continuous changes in composition
and temperature (or at least with a relatively small
step) is also impossible. Therefore, in this case, we
obtain smooth dependencies as well. In any case, with a
high degree of probability, it can be stated that the rea-
son for the significant discrepancy between the experi-
mental and calculated values of the activities of the
components at temperatures exceeding 1414 °C is a
change in the structure of the melt.
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Fig. 3 — Concentration dependences of the activities of
aluminum and silicon in melts of the Al-Si system at
temperatures 1700 °C (a) and 1900 °C (b)
o — experimentally determined values of aluminum activity; o
— experimentally determined values of silicon activity;
— activity of aluminum, calculated from the
equilibrium compositions of the phases;
— — — — activity of silicon, calculated from the equilibrium

compositions of the phases

At lower temperatures, structural transformations
in the melt are also possible. However, due to the
reasons described, it is impossible to draw an
unequivocal conclusion on this matter.

It should be noted that the results of the analysis of
experimental data on the concentration dependence of
the integral enthalpy of mixing in the Al-Si system [4]
also do not contradict the above conclusions. This is
evidenced, in particular, by the presence (in the area of
silicon content from 24 to 42 at. %) of a group of points
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located practically on the same straight line (Fig. 4).

Based on the assumption of a homogeneous
structure of the melts, in [3] the array of experimental
data on the integral enthalpy of mixing was
approximated by a smooth downward convex curve
(Fig. 4, thick solid line).

0
A
500" //
500} ;
= -1000f+¥ n
3 ﬁv +///
i \ Y
1§ ~1500[— W
% VY 7
5] \ /
& - / /’
?:) -2000 \ﬁ 7717
E Vol //
2 \ 4& Vi /
g 2500 iy A+
\ \} & ///
--—--._._____‘_.\:| E// o
~3000
"-—-.—__‘_‘_‘
'--—.___._._._-
-3500

0 10 20 30 40 50 60 70 80 90 100

Silicon content, at.%

Fig. 4 — Concentration dependence of the integral enthalpy of

mixing in melts of the system Al -  Si:
+ - data of calorimetric measurements;
— approximation of  experimental data;
----- — approximation of experimental data in this work
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Ouinka MOKJIMBOCTI IIepeTBopeHsb 0ymoBu poamaasie cucremu Al — Si
3a TepMOJMHAMIYHUMHU JAaHUMH

B. Xpucrenrol, M. Apmyk!, O. Jomiit!, C. Korssipl, 3. Ocranmuyk2, H. Xapuenxro3, T. 'oBopyn3

1 HasuaibHo-HAyKo8Ul THCmumym mamepiaio3nascmea ma ssapiosarns imeni €.0. IIamona, Hayionanvruii me-
xHiunuil yrisepcumem Yrpainu «KIII im. I. Cikopcorozon, 03056 Kuis, Yipaina
2 ITncmumym npobsiem mamepianosnascmea im. 1. M. @Opanyesuva HAH Vrpainu, 03142 Kuis, Yrkpaina
3 Cymcvruil depocasruti yrisepcumem, 40007 Cymu, Yrpaina

Hapasi gocraTHb0 MEPCIIeKTHBHUM METO/IOM MOKPAIIEHHS MEeXaHIYHUX BJIACTHBOCTEH CHJIYMIHIB € Tep-
ModgacoBa 06pobka poamIary. i il HaluacTilme OB’ sI3yI0TH 31 3MiHOI GyIOBH IIPH IeperpiBaHH i BUTpIM-
11l pO3IJIaBY 1 MO3UTUBHOMY BILIMBI 3a3HAYEHHUX 3MIH Ha CTPYKTYpPy CILIABY IIiCJIA KpucTaiisamil. Xoda Ha-
Termep 1 BBAMKAETHCS 0E3CYMHIBHHM TOM (baKT, 0 B METAJEBUX PO3IIABAX PeasidyeThCs MEeBHA CTPYKTYpa
OJIM3BKOTO TIOPSIKY, TUTAHHS PO MOKJIUBICTH IT€PETBOPEHB OYI0BU PO3ILIABIB 3AIUIIAETHCS TUCKYCIHHIIM.
B momepeuix AoCITiKEHHAX BUSHAYAIN TEPMOJUHAMIUHI TapaMeTpu poa3riasis cuctemu Al—Si, rpyHTYyI0-
YHCh HA €KCIIEPUMEHTAIHFHO BCTAHOBJICHUX PIBHOBAYKHUX CKJIAJAX PIAKOIL 1 TBepaux a3 Ipu pi3HUX TeMIie-
parypax. Pegysbraru anasi3y qaiu mificTaBy IPUITYCTUTH, 110 OyI0BA POSIJIABIB 3a3HAYEHOI CHCTEMU MOXKE
3MIHIOBATHUCH, 3aJIEJKHO BII CKJIAAY 1 TeMmeparypu. B mawiit po0oTi, JJIs MOJAJIBIIONO IIPOSICHEHHS TUTAHHS
PO MOYKJIMBICTH CTPYKTYPHOI MiKPOHEOTHOPIAHOCTI 1 ITepeTBOpeHb OyI0BH Po3miasis cucremu Al-Si, mopis-
HIOBQJIM €KCIIEPUMEHTAJIPHO BCTAHOBJIEH] 3HAYEHHSI AKTUBHOCTEM KOMIIOHEHTIB 13 BIJIOMHME PO3PaXyHKO-
BUMH JAHUMU, OTPUMAHUMU B IPUILYIIEHH] IIPO CTAJIICTh OyJZ0BU po3IwiaBie. BeraHoBieHo, o mpu Temie-
paTypax, fKi IIOMITHO IEePeBUINYIOTh TeMIIepaTypy JHKBIOyCy, 3a3HAYEHl PO3PaxyHKOBI IIapaMeTpH PimKol
asu Bixe He B 3M031 aJIeKBATHO OIIMCATH €KCIIEPUMEHTAJIBHO BCTAHOBJIEH] KOHIIEHTPALIHI 3aJIeKHOCT1 aK-
THBHOCTEHM KOMIIOHEHTIB po3IiaBis cucremu Al—Si. 3asHayeHUH GaKT MOKe CBLIYUTH IIPO MOKJIMBICTH 3MIH
Oy/10BM aJIIOMiHIEBO-KPEMHIEBUX PO3ILIABIB Ipu 3MiHi Temmeparypu. OkpiM TOro, pe3yabTaTH aHAI3Y eKC-
IepUMeHTAJIBPHIAX JaHUX IIPO KOHIIEHTPAITINHI 3aJIesKHOCTI 1HTerpabHOI eHTaJIBII 3MIIIIyBaHHS B PO3ILIa-
Bax cucremu Al-Si He cymepedaTs ysIBJIEHHSIM IIPO MOKJIUBICTH 3MIiHH OyOBH POSILIABIB Ii€l CUCTEMU IIPU
3MiHl BMicTy KpemHi0 B HuX. OTprMaHi pe3ysabTaTé NATh IHICTABHU IS OJAJIBIIOT0 JOC/IKEHH MOK-
nuBOCTI 3MiH Oyq0BH po3maBiB cucremu Al-Si 3a JOIOMOron aHAIN3y TeMIIePATYpPHO-KOHIIEHTPAIIHHAX
3aJIEKHOCTEH IX aCOIIaTHBHOIO CKJIALY Ta €KCIePUMEHTAIHHOIO JOCIKEeHHs TeMIIePaTyPHUX 3aJIeKHOC-
Tell CTPYKTYPHO-YYTJIMBUX BIACTUBOCTEN (HAIPUKIIAL, €JIEKTPUYHOTO OII0PY).

Knrouosi cinosa: IlapiriasbHa MosisspHa BUTbHA eHeprid, AKTUBHICTD, [HTerpaibHa eHTAJIBIIIA 3MIIITyBAHHA.
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