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Thermodynamic analysis of three characteristic cases of phase equilibria in
the systems of given type was carried out. The following cases are discussed: 1.
there is an explicit maximum (a distectoid point) on the curve of monovariant
equilibrium of complex compound; 2. this maximum exists only as an implicit
one; 3. the complex compound has not its own curve of monovariant phase
equilibrium.

Rules which determine the values of slopes of tangents in remarkable points
of the curves of monovariant equilibrium in these phase diagrams are derived.

Bbun ocymecTBiieH TepMORNHAMHYECKHH aHAIM3 TPEX XapaKTePUCTAYECKHX
ciydaeB ¢a30BOro paBHOBecHMs B cHMcTeMax AaHHoro Twma. OG6cyxnmarorcs
clefyrolMe cayyan: 1. uMeeTcs ABHbIH MaKCHMYM (IMCTEKTOMAHAS TOYKa) Ha
KPHBO# MOHOBapHaHTHOIO PaBHOBECHS KOMIUIEKCHOTO COeNHHEHMHA; 2. 3TOT
MaKCHMYM CYIIECTBYET TOJBKO B CKPBITOM BHAE ; 3. KOMILIEKCHOE COEJHHEHIE
He MMeeT cOOCTBEHHOH KPHBOH MOHOBapHaHTHOIO ¢)a30BOTO paBHOBECHS.

Brum ¢opMynnpoBaHsI npaBuiIa, OOpefeAlomue 3HadeHNs HaKJIOHOB Ka-
caTenbHBIX B XapaKTEPHCTHIECKHX TOYKaX KPHBBIX MOHOBAPHAHTHOIO PaBHO-
BECHs Ha 3THX (pa30BbIX AMarpaMMax.

We shall deal with three characteristic cases of formation of a complex
compound in the subsolidus region.

‘1. The complex compound Z=A,B, has its own curve of monovariant phase
equilibrium and there is an explicit maximum on this curve

If no solid solutions are formed on the basis of substances A, Z or B we obtain
the phase diagram which is illustrated in Fig. 1.

Let temperature of the pure compound Z be lower than T(8). When we add heat
to this compound, then a reaction takes place at the point & (we shall call this point
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a distectoid one) which can be written as
7z > Z

It is therefore a case of polymorphic transition. The molar enthalpy corresponding
to the reaction (1) will be denoted as AH"(Z,/Z,). From the shape of the curve (&1,
9, €2) we can deduce that the compound thermally partially dissociates according to
the scheme

(in solid solution) (1)

(1-bo)Z>* = (p-bo)Ai+(q- bo)Bi (2)

where b, is the degree of thermal dissociation of pure compound Z.

All three substances, i.e. A, B, and Z form one continuous solid solution. If this
solution is not ideal another heat effect is connected with reaction (2). This effect
equals the molar enthalpy of mixing AHu.

The original system A—B can be divided in the subsolidus region into two
subsystems A—Z, and Z,—B. In each of these subsystems there is a simple
eutectoid point €. In the point & we observe the reaction

(Ai+B) =2 Af+22° (3)
and in the point ¢, the reaction
(Ai+B}) =2 Z2°+B?° (4)

It is possible to make a subsolidus cryoscopy in the system A—B, viz. on the basis
of components A and B. However, it is to be taken into account that

K(Z/A)=1+(q—1)  be; Kk*(Z/B)=1+(p—1)- b
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Fig. 1. Phase diagram of the condensed system
A;(A2)—B:(B:) having continuous solid solu-
tions with respect to equilibrium “‘solidus—lig-
uidus” and a complex compound with explicit
maximum in the subsolidus region. This com-
pound is in equilibrium with pure low tempera-
ture polymorphic modifications of components
AandB.
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Fig. 2. Phase diagram of the condensed system

Ai(A2)—By(B:). High temperature modifica-

tions of components form continuous solid solu-

tions. In the subsolidus region a complex com-

pound with explicit maximum and limiting solid

solutions on the basis of substances A3, Z3, and
B; are formed.

Chem. zvesti 36 (5) 599—604 (1982)



THERMODYNAMICS OF PHASE EQUILIBRIA. V

In this system A—B a classical cryoscopy cannot be done on the basis of the
complex compound Z.

For the points T"(A1/A;), T%(B./B.) the modified CTC I is valid. Similarly for
points €; and & the modified CTC II can be applied.

From the course of the curve of monovariant phase equilibrium (g;, 3, €) of
compounds Z one can determine the degree of thermal dissociation b, of pure
compound Z in a similar way as in the case of “solidus—liquidus” equilibrium.

If in the subsolidus region limiting solid solutions are formed on the basis of all
present substances we get the case which is illustrated in Fig. 2. The following
equilibrium is established at the eutectoid points €, €.

(Aj+B) =2 A3+Z &)

(Ai+B}) =2 Z:+B; (6)
For the slopes of tangents to the curves of monovariant equilibrium at the points €,
¢, the modified Hagege relationship [1] can be applied (see also [2]).

The phase diagram presented in Fig. 1 is to be distinguished from that shown in
Fig. 3. In the latter case there is splitting of the continuous solid solution into two
limiting solid solutions which coexist in equilibrium. This subsolidus process starts
at certain temperature and it goes according to the scheme

(A*+B) =2 (A+B) (7)
If, for example, the component B forms two polymorphic modifications we obtain

the phase diagram which is illustrated in Fig. 4. In this case the following
equilibrium takes place at eutectoid point

1,
r'e,) Py r's,)
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r"(8,/8,)

M N
Jems ¢

A B8 A B

Fig. 3. Phase diagram of the condensed system Fig. 4. Phase diagram of the condensed system

A—B with continuous solid solutions with re-

spect to “solidus—liquidus” equilibrium. At

lower temperatures these solutions split into

two solid solutions A* and B* with limiting
miscibility.
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A—B,(B:) with continuous solid solutions with

respect to “solidus—liquidus” equilibrium. In

the subsolidus region they split at the eutectoid

point into two limiting solid solutions formed on
the basis of A® and B".
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(Ai+B)[e] = (Ai+Bi)[M]+ByN) (8)

E.g. phase diagram of the system NaNOs(= A)—KNO,(=B) (it has been experi-
mentally determined by Jinecke [3]) is of the type presented in Fig. 4.

2. The complex compound Z has its own curve of monovariant phase equilibrium
and there is an implicit maximum on this curve

The phase diagram of this type is illustrated in Fig. 5. It follows that solid solution
coexists along the curve [ T"(B:/B.), ] with pure solid low temperature modifica-
tion of substance B. At the temperature of peritectoid point T(x) the following
reaction occurs

(Ai+B)+B* =2 Z2° 9)

Along the curve of monovariant equilibrium (7, €) solid solution coexists with the
modification Z2*. In this solid solution also the substance Z is present, viz. as
modification Z,. The formal molar quantity AH'(Z) which is used for characteriza-
tion of incongruent melting of complex compounds in the case of *“solidus—liq-
uidus” equilibrium is replaced in subsolidus region by the molar quantity AH"(Z,-
/Z,) which is connected with the reaction Z2* — Z*.

At the points T"(A./Az) and T"(B:/B:) a modified CTC I can be applied. At the
point & a modified CTC IV holds

[AH"(Z.:/Z:) + AHi(Z3/22)] - k*(Z:) = AH"(B1/B:) - k*(B)) (10)
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Fig. 5. Phase diagram of the condensed system
A.(A;)—B,(B:) with continuous solid solutions

Fig. 6. Phase diagram of the condensed system
A.(A,)—B.(B:) with continuous solid solutions

with respect to “solidus—liquidus” equilibrium.

A complex compound with implicit maximum is

formed in the subsolidus region. It coexists in

equilibrium with pure low temperature

polymorphic modifications of components
AandB.
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with respect to “solidus—liquidus” equilibrium.

A complex compound with implicit maximum

exists in the subsolidus region. Also limiting

solid solutions on the basis of substances A3, Zz,
and B3 are formed.
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At the eutectoid point € the modified CTC II can be applied
xa - [AH"(A1/Az) + AHoi(AV/ASY)] - k(A1) =
=Xz - [AH(Z:/Z2) + AHoix(Z3/2Z3°)] - k(Z1) (11)

When we apply the criteria of thermodynamic consistency to the curves at points
T"(A//Az), €, and = it is necessary to make a transformation of composition
coordinates from the system A—B into the system A—Z.

If in the subsolidus region limiting solid solutions are formed on the basis of all
present substances we get the phase diagram which is illustrated in Fig. 6.

Equilibrium which exists in the eutectoid point € can be described by equation
which is similar to eqn (5). For calculation of the slope of tangents to the curves at
point ¢ the modified CTC II can be used [2]. It should be pointed out that
composition of the point € must be given in coordinates of the system A—Z.

3. The complex compound Z has not its own curve of monovariant phase
equilibrium

Two typical cases of this class of phase diagrams are illustrated in Figs. 7 and 8.
In the two former cases the complex compound Z coexisted with one “‘continuous”
solid solution and thus the degrees of freedom equaled one. Therefore the
equilibrium coexistence was fulfilled along a curve. In the present case there coexist

r'e,) r's,)
tr
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. Tl A} + B r'a)
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2 Ag,t . 20 ) 20,- . B:,s 2
A z B

Fig. 7. Phase diagram of the condensed system
A,(A:)—B,(B:) with continuous solid solutions
with respect to “solidus—liquidus” equilibrium.
Low temperature polymorphic modifications of
both components are completely immiscible. At
temperature lower than is the temperature of
the simple eutectoid point a complex compound
is formed. It coexists with pure modifications
2*and B".
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Fig. 8. Phase diagram of the condensed system
A,(Az)—B,(B:) with continuous solid solutions
with respect to ““solidus—liquidus” equilibrium.
Low temperature polymorphic modifications of
both components are partially miscible. At
temperature lower than is the temperature of
eutectoid point a complex compound is formed
which coexists in equilibrium with limiting solid
solutions A* and B*.
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r's,)
/ T'®/B) .

r'a) e Fig. 9. Phase diagram of the condensed system
7"(A,/A,) e S . Ai(As, As)—B,(B;, B;) with continuous solid
™a /Az, f _ B, | e ,/8,) solutions with respect to “solidus—liquidus”

/M3 A, + B equilibrium. Three eutectoid points exist in the

A"+ B subsolidus region. At temperature T< T(es)
A+ BY® € a complex compound is formed. It coexists in
SRR AR equilibrium with pure modifications A%* and
A z B B3

at temperature T(Z) the phases A'*, Z**, and BJ'* or phases A3, Z**, and B} and,
therefore, the system is nonvariant.

It is known that in the case of systems formed by molten salts there is a general
tendency to decrease of mutual solubility in solid state. This tendency is illustrated
on a typical example in Fig. 9.
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