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On the basts of an analysis of conditions for heterogeneous equilibrium
and relationships for free Gibbs phase energy, a procedure for the calcula-
tion of phase diagram curves is suggested. The calculation is based on
a model of regular behaviour of binary ionic substances, and makes use
of equilibrial conditions at the tnvariant point of the system. The indivi-
dual calculation procedure phases are illustrated on the system PbO —PbF,.

INTRODUCTION

Numerous technological problems require the knowledge of the approximate
course of binary phase diagrams. In the case of oxides there are roughly
5000 binary systems, but approximate shapes of phase diagrams are available
for only one tenth of this number [1]. The phase diagrams of the remaining
svstems are unknown and their direct experimental determination is a matter
rather exacting from the standpoint of laboratory equipment and time.
Attention is therefore continuously paid to efforts aimed at utilizing the
knowledge of physical chemistry laws as a basis for direct calculation of phase
diaeram curves.

The relationship between the phase diagram curve and the condition of
heterogeneous equilibrium and the concentration relations of the free Gibbs
energy of the phases involved has been described in physical chemistry text-
books [2], [3]. These relationships can be utilized for graphic construction of
phase diagram curves which, however, is time-consuming and inaccurate.
In connection with the introduction of computers the relations have become
more susceptible to numerical calculation and literature deals with a number
of studies [4], [5] describing computation of phase diagrams from thermo-
dynamical data of the phases involved. However, this has not solved the
problem of determining phase diagram curves of systems which have not been

*) The present study is based on a paper read by the author in a seminary of the
Scientific Technological Society held in Prague in 1973 on the subject of “Chemistry and
Physics of Crystals.” and includes some. results of an unpublished study by P. Holba
and M. Nevliva.

**) Present_adress: Institute of Inorganic Chemistry, Czechoslovak Academy of Sci-
ences. 250 68 Rez u Prahy.
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studied experimentally. It appears that detailed thermodynamic data are
frequently less available than the phase diagrams proper. For this reason it is
necessary to seek a more general approach which would allow to make use of
the available, even though heterogeneous information on the system for the
determination of an approximate shape of the phase diagram.

Data ‘on the temperatures of invariant points belong among the most
readily available informations on a system.

The present study had the aim to suggest a rational procedure for the
calculation of an approximate shape of phase diagram curves from the data
on invariant points; the method should be applicable for binary ceramic
systems.

HETEROGENEOUS EQUILIBRIUM AND MOLAR FREE ENERGY
The condition for a heterogeneous equilibrium

The curves of binary phase diagrams, temperature 7' vs. chemical compo-
sition (z), are boundaries of zones in which the requirement for minimum free
energy of the system results in the formation of two phases. For an equilibrium
co-existence of two phases ¢ and y in a two-component system A4—B, there
applies the condition of equality of the chemical potential of the compo-
nents y; (defined as partial molar derivation of Gibbs free energy &),

OGe|ong = pf = uy = oG[ony, (1)
0G?[ong = pf = py = 0Gv[ony 2)

where n4, ng are material amounts of the components.

When substituting G¢ = (n§ + nf) G, G" = (»} + n}) G, 2, =
= nf/(n% + nf) anda” = n}/(nY + ny}y) the following system of equations is
obtained from equations (1) and (2).

(Ghp) — Gla?))|(xe — av) = 0G,%(wy)] 0y, (3)

(Ghwe) — Gl(ar)/(wy — a¥) = 0G ) (x,)|0x,

where 2, nad z, are equilibrium compositions of the co-existing phases and G2
and G are molar free Gibbs energies of these phases. In the diagram expressing
the relation between free energy (G,,) and composition (), the system of equa-
tions (3) describes the condition of a common tangent for curves G2(x) and
Gu(x). The composition ordinates at the points of contact of this joint tangent
%y, ¥, then correspond to the limit points of the two-phase region at the given
temperature; as implied by Fig. 1.

The heterogeneous equilibrium law holds generally for systems which have
attained a stable equilibrium. Its utilization for the construction of a diagram,
however, would obviously require knowledge of functional relations G2 = f(x,T)

for all the phases involved.

Molar free encrgy of the phases

Tn agreement with Fig. 1 the relationships G = f(z, T') can be written in
the form
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Go = G4 + (G — G4) = + AGYF(x) (4)
where G4, G'Z are molar free energy values of components 4 and B at the given
temperature in a state corresponding to phase ¢, and G}"'¥(x) isintegral Gibbs

mixing energy for phase ¢ which corresponds to free energy change in the
process

(1 —2) A(p) + «B(p) - A1-2B(p).

MELT
Ty

Iig. 1. Phase diagram and the dependences of Gwm of the phases on composition (x) at
temperature T.

The contact points of common tangents x —Ul v 13 Z—mfl o & 2—1‘&, correspond to the

points of binary diagram curves at temperature T';. The tnvariant points of the dia-
gram — eutectic () and peritectic (P) are representesd by values Tk, aii, x;, 2¢,
and Ty, a7, g, :v;, respectively.
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However, pure components generally need not exist in a state designated as
phase @, and the free energy values of a hypothetical state and free energy
change can hardly be considered as a rational basis for any calculations.
Equation (4) will therefore be used only for such phases in which both com-
ponents can virtually always exist in the liquid phase:

Gk = 04+ (@4 — G = + ACT™() (5)

In equation (5), G4, G% are molar Gibbs free energies of pureliquid components
at the given temperature, and AGY'X js integral mixing Gibbs free energy of
the melt, pertaining to process

(1 —=a) A(L) + «B(L) - A1-zBz(L).
Molar free energy of solid phases can be expressed in three ways,
a) Gp =G4+ (G —G a4+ (1 —2) AGL., + 2AGL., + AT X(x) (6)
where AG4, ~ AG#

$.,, AGE,, are free energy changes corresponding to the processes

A(L) - A(9);  B(L) - B(g);
b) G = G4 4 (G4 — G4)x — (1 — &) AGHILT — gAGYELT | AGEORM(y) (7)

where the expressions AGMELT and AGYORM correspond to free energy changes
involved in the following processes

A(@) —~ A(L); B(f) - B(L);
(1 — ) A(x) + «B(B) - A1-2B=(®)
where « and f are stable crystalline modifications of pure components 4 and B.
0 Gy = G4+ (G — ) © + AGYR(x) — AGMELE(g) (8)
where AGMPLT corresponds to the process
A1-zBz(p) > A1-2Bz(L).

In equations (5), (6), (7) and (8) the free energy values of pure liquid com-
ponents A and B arise in such a manner that all these equations can be expressed
by the relation

Gf = Gi+ (G — G v + AGI(), (9)

where AG*gp(x) symbolizes the sum of the third and other terms of the right
hand sides of the equations. By substitution into equation (3) one finds

® £ £ %
AGE — AGY @ — @) +_6A6'¥,, =(G}j—G;§)+-aAG“’

Ty — Ty 0% ox (10)

(GF—G%) + -

that the resulting data (2, ,) depend in no way on the values of G%¥ and G4
so that for any temperature one can put

Gi=G;=0. (11)
Thus the first two terms of equations (5) through (8) have been annulled and
the values of molar free energies are given by the values of the remaining terms.
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Physical chemistry specifies certain relations for mixing free energies, which
although not generally valid, allow to describe in fundamental terms the
behaviour of real phases. With respect to the calculation it is considered useful
to utilize such relations which are not in any disagreement with the character
of the systems in question, and are simple enough to permit description of
real behaviour characteristics by means of a very small number of parameters.
For this reason the selection of model relations will be based on the assumption
that microscopic composition of the phases is explicitly given by the macro-
scopic (chemical) composition, expressed by the single composition parameter .

Mixing free energy of melt AG“J‘X

When expressing the mixing free energy of a melt it is suitable to make use
of the relation derived for regular behaviour of binary solutions [2]:

AGYX = RT(xInz + (1 —2)In (1 — 2)) + 2(1 — ) Q (12)

where parameter £ is a measure of pair interaction between unequal atoms.
In the case of ionic melts the equation has any sense only when the composition
parameter x expresses the ionic fraction [6]. In a general binary system
A.Z, — ByZ;) x should (or 4,Y, — AupZ;) therefore be chosen so as to be a
molar fraction of the system AZ,q — BZ.p (orAay Y — Ap2Z) [7] so that

bX o yX
a(l—X) + bX ° (O”“‘ y(l—X)+zX) (13)

where X = Xp,z, (or X4,2,) is the molar fraction of the original binary
system. Interaction parameter 2 then corresponds to the difference in the
free energy of the pairs,

X =

Q = 24p— 44— eBB (o0 R = 26yz — eyy — £22). (14)

Equation (12) implies that a constant 2 value causes AGY'X to have a shape
symmetrical to @ = 0.5. In view of the relation:between interaction free
energy values ¢ and the distance between the ions, £ can be assumed to be
a function of composition (linear in the simplest case),

Q = Qo1 + kq) (15)

and this assumption allows to chose even asymmetrical shapes of relationship
AGYH'X. As a result of simplification (11) and utilization of (12) and (15), equa-
tion (5) can be written in the form

QL = RT(xInz 4 (1 —2)In (1 —=2) + (1 — ) Q1 + kiz). (18)

Isostructural solid components

Equation (6) expresses the most logical contributions constituting molar
free energy of a general phase. Unfortunately, its application is restricted to
those binary systems in which both components crystallize in the same crystal-
line structure. Only then it is possible to determine the values AG% _ |
AG% _, , p which are negative values of free melting energies of pure components_

AGY., = — AGYELT ;. AGE, = — AGYFLT, (17)

]4"? -
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The temperature dependence of these quantities is given by the known relation
AGYELY(T) = AHMELY(T) — T ASMELT(T). (18)

When assuming that neither melting enthalpy AHMLT nor melting entropy
ASMELT of component ¢ depend on temperature, the value of ASMELT can be
determined from the equilibrium condition for the melting point of pure com-
ponent 1,
AGMELT(TMELTY — ( — AF[MBLT __ PMELTAGMELT (19)
and thence
ASMELT — A FJMBLT /IMELT (20)

The functional relationship of AGY'X can be assumed to have a shape identical
with equation (12). By substltutmg (11), (12), (15), (18) and (20) into equation
(6) the following relationship is obtained for isostructural solid components
and their solid solutions:

G = RT(xIna + (I —a)In (1 —a)) + a(l —a) Q51 + kix) —
— (1 — ) AHNFUT(1 — TYTRT) _ o AFET(L — TYTYET).  (21)

In the case when the solid components are not isostructural, always one of
the values of AGMPLT is unavailable for solid solutions of pure components
(the data on melting of so-called cryptomodifications) which in the simplest
binary system means four unknown parameters (AHMNFLT ATMELT A [AELT
ATHELT 50 that another more suitable method should be sought.

Solid phases existing within a narrow composition range

The application of equations (7) and (8) is advantageous in cases when the
solid phases co-exist within a very narrow chemical composition range only.
This condition is often met in ceramic systems. A narrow homogeneity range
allows to assume that the quantities AGYULT or AGLO™ have a reasonable
value only at a single (usually stoichiometric) ratio of the components (cor-
responding to composition parameter x.), whereas at another ratio their value
approaches infinity: -

AGEORM — AGEORM(q ) — AG}«;ORM" for @ = @, _ (22)
G’“’R“ - 0 for a # a
and similarly
AG:}[ELT — AG;II-JLT(Q:C) = AG?}ELT, for x = Xe (23)
AGYELT —» — o0, . for a # 2,

From the sense of quantities AGYPLT and AGEOFM it follows that for solid
phases « and f of immiscible components 4 and B the following holds as
implied by equations (7), (8), (11), (16), (18) and (23)

G = — AGYELY — — AFMELT(]  T|TYBLT), forx =0

G — 0. fora £ 0 (24)
G = — AGYRUT = — AHYELT (1 — TTHHY), fora =1.

GE — co. : for a # 1 (25)
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The temperature dependence of quantities AGEO™™ and AGYFLT is assumed to
have the simple form

AGEORM — AHEORM __ A QTORM, (26)
AGH® ILT _ AH\II LT(] — ' TNELT), (27)

where AHEO™MY and ASLORM are respectively enthalpy and entropy of formation
from sohd components and HYLT and T¥PLT are respectively enthalpy and
congruent melting temperature of the compound. The relationship of molar
free energy of the intermediary phase can then be expressed in two ways:

G7;}: S — (1 . =l xc) AH:)}HLT( T/T\[I‘ LT) — T AH\IELT T/T’\IEL'] +
+ AHEORM _ PASEORM for = .
G iz 0. for x # 2, (28)
T TBHELT
T
L+B-
EHELT \ '
L D
T; q W N B L 1L T
A+l LkC !
3 C+B
A+C

0
GNELT ) ] ’
A i ; ; MELT
aGg
(8 :
Fo,
‘[ 2 A5 RM
G ¢ &-—{ g AGCELT :
s :
T=T
A x4 X} Xy B
X —

Fig. 2. Schematwal phase diggram and the corresponding de}en(lence of Gm according to
simplifications (11), (22), (23), (24), (25).
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or
G = RT(x;In xo(1 — ) In (1 — o)) + AH¥PLT(1 — T|TH¥ELT) 4

+ @l —xe) (1 + kia) QF, for = 2,

G? — 0. for x # =z, (29)

m

It should be borne in mind that derivations dG/dz have no sense for the
quantities selected by equations (24), (25), (28) or (29). The above simplifica-
tions result in a schematic shape of the phase diagram (Fig. 2).

THE PRINCIPLE OF PHASE DIAGRAM CALCULATION

Determination of parameters from data on the invariant point

Thermodynamic tables [9], [10], [11] usually list available data on melting .
temperature and enthalpy of pure components, and on congruent melting
of some compounds, as well as data on combination free energies of components
and compounds, from which it is possible to calculate AGEORM of some com-
pounds in the sense of equations (7) and (26). However, data on incongruently
melting compounds are usually lacking and no tables present data on the
values of interaction parameters £2. These parameters, indispensable for the
calculation of phase diagram curves, can however be determined from relati-
vely available data on invariant points of the system by solving a system of
equations expressing the condition for a heterogeneous equilibrium at the
invariant point.

Invariant points in a binary system are such points at which three condensed
phases exist. In a binary system there can arise four types of invariant situa-
tions in which the liquid phase takes a part: eutectic (s; + s2 = L), peritectic
(81 = s2 + L) monotectic (s + L; == L;) and metatectic (s; + L = s3).

A co-existence of three phases means that the two common tangents in
Fig. 1 are equilinear, so that a single straight line forms a tangent of three
molar free energy curves. This condition is expressed generally by a system of
four equations

Gp—Gy  Gs—GL 8@y a6y 3GE

m

30
Ty — Ty Xy — T, ox ox ox (30)

When considering the eutectic of a system, the solid phases of which have an
identical structure, the functional values of G and G, are given by equation -
(21) after substituting 7' = T'g and x = a% and x = z§; G% is then expressed
by equation (16) using substitution @ = 2% and T' = T'g. The system of four
equations (30) thus expresses four relations between twelve quantities T'g, 2%,
xg, xp, Q%, kE, QF, AHMPLT TYBLT - AHMELT PMELT Using these relations, it is
possible to calculate the values of four parameters after substituting the
values of eight parameters.

In the case of crystalline phases of fixed composition only two equations
hold in the eutectic:

(G7}; - G1g)/xc = (GHIZ - G:t)/xg = 6G,{;/69;, (31)

since derivation 0@ /dz of these solid phases has no sense. When using equation
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(16) for G%, equation (24) for G2 and equation (28) for G, (after substitutions
T = Tg and x = 2}) system (31) expresses two relations between nine quanti-
ties
Tg, ok, @o, 2%, k%, AHMELT TMELT A FMELT PMELT

by means of which two parameters can be determined after substituting
seven of them.

Data on the other invariant points can be utilized in a similar way.

Determination of the desired parameters by means of the heterogeneous
equilibrium condition requires solving of a system of non-linear equations.

Calculation proper of phase diagram curves

Determination of the required parameters can be followed by the actual
calculation of the phase diagram curves. The boundaries of a two-phase
region @s, 2z are determined by solving a system of non-linear equations (3)
in the case of general phases,

(Gf— GYH(xy — xr) = 0G2|0x = 0GL[ox (32)

m m m

for the individual temperatures of the temperature series in question. In the
case of boundaries of a co-existence region between a crystalline phase with
a narrow existence range and a melt, the points of a single curve are determined
(liquidus curve) 21, by solving the non-linear equation

(G — G)|(ve — 21) = 9G;/0x (33)

for the individual temperatures of the temperature series in question.

Calculation procedure

The entire calculation procedure consists of several stages which will be
illustrated on an example, calculation of the curves in a simple phase diagram
PbO-PbF,.

a) Finding out the initial data and their supplementing by
measurement

The following data on the melting of the components can be found in tables
of thermochemical data [11]:
HY¥T = 6.57 keal/mol,  T¥IT = 1158 K (885 °C),
HPT = 4.16 keallmol,  THELT = 1091 K (818 °C).

The temperature of the single eutectic of the system can be determined by
simple DTA measurement [12],

Teg=1T69K (494 °C).
b) Regularization of chemical composition

In order to permit use of the regular behaviour assumption, the molar ratio
of the ionic system PbO—PbF; has to be transformed into a ratio of the system
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PbO-Pb,,F. The eonﬁposition parameter of the transformedsystem @ = Xppijor
is given by equation (13)
@ = QXPbF,/(l + Xppr,). (34)

¢) Selection of free molar Gibbs energies of the phases

We are looking for the phase diagram curves enclosing the two-phase
regions PbO(s)-melt and Pb,/,F(s)-melt. The free molar energies of the three
phases are selected in agreement with equations (16), (24) and (25)

Gt = RT@lnax+ (1 —2)ln (1 —2)) + Qa(l —z), (35)
G0 = — AHPFM (1 — TITHE™Y), for x = 0, (36)
GRvF = — AHYEET(1 — TTHS)/2 for @ = 1 (37)

d) Analysis of the invariant point data

The eutectic equilibrium condition corresponds to equation (31)
GIF — G0 = (I — GBI — o) = 0C4ehoe.  (38)

3 I”
By substituting (35), (36), and (37) one obtains a system of equations
(1 — wf) AGHE™(Ts) + PACHEN(T)/2 = —AGHN(Ta, of) — (1 —af) 2,

(39)
In (1 —af) + (1 — 225) L,

AGYTY(TE) — AGYFY(TEe)/2 = RTE(In of
where
AGUEN(Te) = MHE™(L — ol THEY,
AGHE (Te) = AHET(1 — Tu/THED),
AGYX(T'g, o) — RTs(pIn ok + (1 — k) In (1 — of)).
On substituting the initial data AH¥F", AHWR, TR, THiE" and Tg,
- solution of this system of non-linear equations yields [12]
= 0,465 Q— = 0,795

e) Synthesis of the diagram curves

Utilizing the knowledge of 2 one can calculate the liquidus curves in the
diagram, using equation (33). The points {z¥, T} lying on the liquidus curve,
enclosing the region of co-existence of the melt and crystalline PbO, will be
determined by calculating ordinates af from non-linear equations

(GE@l, Th) — GEPPO(Ty)) [aF = 0GE(xk, Ty)|ox (40)

m

after substituting (35) and (36) as solutions for the individual 7. -
The liquidus curves defining the reguion of co-existence of the melt and
crystalline PbF,; can be determined by solving equations
(GE(xF, Ts) — GPP ¥ (Ty))/(xF — 1) = 0GL(xkT; /61 (41)

n "l

after substituting (35) and (37).
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f) Normalization of the chemical composition data
The resulting data 27 can then be transformed by means of equation
Xipp, = af/(2 —af) (42)
to molar fraction X por2 data of the system PbO—PbT,.
g¢) Comparison with independent data on system behaviour

The result of calculation [12] together with the experimentally determined
PbO-PbT; phase diagram [13] is plotted in Fig. 3. The disagreement between

173k isoa
K 7 s
1073 0/ 1 800
AN L /
\o\ /A
973} \\o //o/ - 700
N i/
/
873} \\\\o //:)/ LepbO(s) 7690
cener NN, /Y
i NN/
773k ' h VA \ 4500

PbF, PbO
Fig. 3. Calculated (+) [12] and experimental (o) [13] liguidus curves tn PbO-PbF; system.

the calculated curves and the experimental ones, in particular with respect
to the eutectic composition indicates that utilization of the symmetrical
relationship (35) for G% does not allow to characterize completely the real
behaviour of the system.

DISCUSION

The present study was aimed at the determination of phase diagram curves
in little known binary systems. Both selection of functional dependences of
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molar free energies of the phases, and orientation at the utilization of the
most readily available data have been subordinated to this aim.

In order to find the rules of behaviour of better known solids and melts and
to make the shapes of known phase diagram curves more accurate, it is of
course possible to make use of more sophisticated models of mixed phases,
and utilized information of other kind for this purpose.

The models suggested in the present work are based on the assumption that
the microscopic composition of the two-component system, on which the
form of the combination free energy depends, can be expressed by a single
parameter derived from the macroscopic molar fraction. This assumption
represents a considerable restriction of the truthfulness of the models, as it
does not allow to take into account the effect of homogeneous reactions which
may take place in the mixture, as well as the mixing energy and entropy of
the system. This type of contribution can be included in the calculation on the
basis of disorder models [14] which include further parameters and yield
asymmetrical relationships of mixing free energy.

Availability of computers allows to make use of strictly regular behaviowr
models [15] which describe the ideas on real behaviour of mixed phases better;
however, they are scarcely used because of the considerable complexity of the
respective mathematical relations.

In more accurate calculations it is possible to avoid the schematic approxi-
mations represented by equations (22) and (23). For the phases of the com-
ponents one can make use of the mixing free energy as defined by the Henri law.
Some types of concentration relationships of intermediate phase free energies
are dealt with in [16].

The temperature dependences of free energy changes AGMELT and AGFORM have
been chosen by means of equations (26) and (27) in zero approximation only.
When desiring to make the calculation more precise, use can be made of the
first approximation (constant molar heat of phase Cp) or higher approximations,
which utilize temperature dependence coetficients for molar heats Cp(T").

Apart from the data on the melting of components (AHYFLT, TMELT) and
compounds (AHMNELY TMELT) " data on combination free energy of compounds
(AHFORM - ASFORM) and data on the invariant point (e.g. T'g), the parameters
for the determination of mixed phase models can be obtained from data on
the system, provided by various physico-chemical measurements. It is possible
to utilize more detailed calorimetric data, the results of electrochemical measure-
ments, concentration dependences of component activities, data on volatitility
or cryoscopic data. All these are in fact thermodynamic date which can be used
in the determination of parameters for more precise models of mixing free
energy.

quuiring of informations on binary systems is an indispensable prerequisite
for the calculation of phase diagrams of technologically significant ternary
and quarternary systems; in these cases any information on the approximate
shape of the diagram would be specially valuable. Although algorithmizing of
such computations would be no special problem for a skilled programmer,
assumptions considerably rougher than those employed in the present study
must generally be employed [17] in view of the incomplete input data available.
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URCENI KRIVEK BINARNIHO FAZOVEHO DIAGRAMU VYPOCTEM
Z UDAJU O INVARIANTNICH BODECH SOUSTAVY

Pavel Holba
Ustav fyziky pevnych latek GSAV, Praha

K vypoétu kiivek fdzového diagramu lze vyuzit podminek heterogenni rovnovéhy
v bindrni soustavé (1), (2). Podminky lze pfevést na soustavu rovnic spole¢né teény (3)
ke kiivkdm koncentraéni zavislosti moldrnich Gibbsovych volnych energii fézi G's (obr. 1)
a pouzit k vypoétu kiivek fazového diagramu.

Zavislost G'm na slozeni a teploté pro taveninu vychédzi z rovnice reguldarniho chovéni
smési (12), ve které parametr sloZeni x je volen v souladu s iontovym zlomkem (13).
Regulédrni chovani je také zdkladem rovnice (21) vhodné pro pevné roztoky izostruktur-
nich slozek. Hodnoty G, krystalickych fdzi, existujicich jen v tzkém oboru sloZeni,
jsou vyjddieny pomoci udaji o jejich kongruentnim téni (24), (25), (29).

Hodnotu ‘interakéniho parametru 2 lze uréit z tdaji o teploté invariantniho bodu
(napt. eutektika), a to vyuzitim podminky rovnovdzné koexistence tii fdzi (30) nebo (31).
Znalosti 2 pak vyuZijeme k vypoétu ktivek fdzového diagramu (32), (33).

Postup vypoétu je piedveden na soustavé PbO—PbF.. Moznosti piesnéjsiho uréeni
kiivek diagramu zdlezi ve vyuziti dalSich informaci o soustaveé.
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P. Holba:

Obr. 1. Fazovy diagram a zavislostt Gm jednotlivych fazi na sloZent x pii teploté T';. Body
dotyku spoletnych teden i — i, 7,}2 — xil, ai, — i odpovidaji bodim kitvek
bindrntho diagramu pii teploté T;. Invariantnt body diagramw: eutektthum (I)

a peritektikum (P) jsou uréeny hodnotami T, 'L}' s ’L: s 'Lg aTy, .7:1;’, a;gf, zfls’

Obr. 2. Schematicky fazovy diagram a odpovidajict zdvislosti G n, jednotlivych fazi po zjedno-
dudentch (11), (22), (23), (24), (25).

Obr. 3. Vypoltené (+) [12] a experimentalni (o) [13] kitwky liquidu soustavy PbO—PblI;.

ONPEOEJIEINHIE KPUBLIX BHIIAPIIOH MA30BOMH JUAT'PAMM DI
PACUE TOM 113 JTAIIHBIX OB MIIBAPHAIITHHBEIX TOUKAX CHCTIEMBI

ITaBea T'ouida

Huemumym gusuru meepdozo meaa YCAH, I paea

Y ¢II0BIISL FCTCPOICHHOIO PaBHOBCC sl OuHAPHOIL ciiereMst (1), (2) nepeBejicHHLIC B YpaBHe-
HUsl o0nlell KacaTeIbHOII K KPUBLIM 3aBIcIMOCTell MOJisipHOIl ¢BodojiHOIT amHeprinn I'nddcea
(Gwm) or coctaBa (z) (paz OLWI HCHOIB3OBAHLI JUISI pacueta KPHBLIX (Pas30BOIl JIarpaMMb
(pue. 1.).

3aBucuMocTh Gy OT cOCTABA Il TCMHEPATYPH i1 PaciylaBa OCIOBAHA Ha ypPaBHEHII
peryiisipHsIX pacTBOpoB (12), B KOTOPOM .ItapaMeTp cOCTaBa MOHHBIX BCIIGCTB BBLIPAIKACTCS
yepes HOHHYIO 10110 (13). PeryasipHoe 110BejICHIC SIBISICTCS TAIMKC OCHOBOIT ypaBHeHHs (21),
HCIIOHBL3YEMOI0 JIsl TBCPJILIX PACTBOPOB H30CTPYRTYPHBIX KOMIOHEHTOB. Bemmunnr G
KPHCTAINIMCCKIX (a3, ¢YNICCTBYIONUIX B Y3KOIi 00:aCTIl ¢OCTABA, BLIPAKCHDLI ¢ IIOMOIILIO
JJAHHBIX O KOIIPYCHTHOM IniaBjieminn atux (as (24), (25), (29).

Beaunna napaMerpa BaanMojieiicTBisI £ 110iyuacTest 113 ZAHHLIX O TeMlIicpaType IH-
BADHAHTHBIX TOYCK (9BTCKTHKI II T. IL) IIpi poMomnun ypasHenuii (30) i (31), Kotopuic
BBIPAJKAIOT YCJIOBHE PABHOBCCHOIO COCYIIECTBOBaHISI TpPeX (pa3d. SHAIIC BeMNIMHHBL £ Iic-
HOJIL3YETCs JUIsI pacueTa KPUBLIX (aszoBoil jutarpammer (32), (33).

Ilporrejiy pa BuullcsIcH A 1I0KRa3aHa Ha ciieteMe PhO—DPbF, (puc. 3). BoamommocTi 6osiee
TOUHOUO OLPEJIGIICHIST KPUBLX JUIATPAMMBI COCTOSIT B IICHOJIG30BAMIIT 00JICC CIOMHBIX
Mojiedieii 11 dostee 1O;IPOOHKIX HHOPMAIUI 0 ¢HETCMC.

Puc. 1. Daszosan Juazpamma u 3asucusiocmu G (faz om cocmasa x npu mesnepamype 1.
Y . . 5 e P T e . S~ L) .
T ourtt cOnPUKOCHOBEHUL 0GUIUT KACAMEALH LY By — XLy Ty — Ty, Xp— Tgomeeuaion

mouraat kpusuiz hazoeoli duazpastyvt npu mesnepamype Ti. Husapuarinrnvie mouru
duazpasawr oemerxmurw (I5) w nepumermuru (P) onpedeaenve seauvunasu Tg, 15‘,
2
iy ) >
ol 2l w Te, all, af, 2l
Puc. 2. Cxemamunecras (fazocas duazpassa w coomegememeyiowyue 3asucusocmic Gum (fas
nocae ynpougenwit (11), (22), (23), (24) w (25).

Puc. 3. Buuucaennwvie (+) [12] w onvumiwee (o) [13] xpusvie aureudyca cucmessr PbO—PDbI.
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