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The course of the liquidus curve of the component B in a simple eutectic
binary system A —B, in which B exists in two modifications, was thermo-
dynamically analyzed. The analysis was performed for the case that Tr
was situated between the melting temperature of the component and the
eutectic temperature in this system. Two ways were presented to find out the
experimentally undeterminable hypothetical melting temperature, 7', and
the enthalpy of phase transition AHL at 7% of the low-temperature modifi-
cation of component B for the case that the thermodynamic parameters of
this component were known. Further it was found that based on the liquidus.
course the said unknown parameters of the component B could be deter-
mined even for the case that AH,% and 4Ht were not known. The study of the
liquidus diagram of the binary system A —B enabled us to obtain so far un-
known information on the component B concerning its polymorphic trans-
formation.

Let us consider a simple eutectic system A—B. The component B exists in it in two
polymorphous modifications, 7.e. the low-temperature () and the high-temperature (8)
modification. With respect to the equﬂibrium ‘solidus —liquidus” such a case is in-
teresting, for which the relation Ty < T < T§ holds (Ty, being the eutectic ternpera-
ture in the system A—B, T the temperature of the transition B, == By, and Tp
the melting temperature of the high-temperature modification Bpg).

An isobaric phase diagram of the considered type is shown in Fig. 1. There are two
invariant points in this diagram, »¢z. the point E and the point Q. The point Q corresponds
to the equilibrium Lq == Bj + Bj (Lq is the liquid phase in the composition given.
by the point Q, Bz(ﬁ, is the solid phase of the o- and B-modification of the component B)

The hquldus curve of the component B exhibits a break representing the intersection

pomt of the curves T;; Q and Tr E. Under the equilibrium conditions the liquidus curves
TdQ and Q E are experimentally measurable. The hypothetical melting temperature
of the low-temperature modification, 7%, and the corresponding enthalpy change of
AHE at TT cannot be determined in the equilibrium state. It .is however inevitable
to know them for the theoretical calculation of the liquidus course of the component

B on the part 6 E of the curve.

[

* Presented at the 2nd Czechoslovak Seminar on ‘“Molten Salt Systems’, Bratislava,
April 11—12, 1973.
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Fig. 1. Phase diagram of the simple eutectic binary system A —B, in which the component
B exists in two modifications.
Hatching shows the Tamman triangles.

The paper [1] presents the calculation of these quantities in one-component systems.
In the present paper the problem of determining these values is being solved for simple
eutectic binary systems.

1. Thermodynamic parameters 7%, AHS, Ttr, AHtr, C‘P, 8, C% are known.

1.1. Let us suppose that ACp of the phase transitions ‘‘solidus—liquidus’ are zero.

Then for the point Q at the temperature T"* the equation holds

1 1
lnaﬁ=AH£-R'1|:F§_ T“'], (1)
where ag is the activity of the component B in the liquid phase in the point Q, being
in equilibrium with the solid B-modification of the component B.

For the point Q at the same temperature eqn (2) is valid:

1 1
— f -1 — —
Ine, =4H_ - R I[Ti T"], (2)
where analogously, a4 is the activity of the component B in the liquid phase in the point

Q, being in equilibrium with the solid «-modification of the component B.
For ACY = 0 it holds

AHL = AH§ + AHv. (3)

In tho point Q the liquid phase is in equilibrium with two solid phases that are also
mutually in equilibrium.

For the temperature T the relation holds ax = ag; by introducing eqn (3) into eqn (2)
and simultaneous solution of eqns (I) and (2) we obtain the hypothetical melting tempe-
rature of the low-temperature modification of B.

__ (4Hf + AHw) Tv- T
« AH;.Ttr+AHtr.T§

(4)
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1.2. Let us suppose that ACp of the phase transitions “solidus—liquidus’ are not zero.

Then for the activity ag of the component B in the point Q at the temperature 7't
the following equation holds

T TI-} T:?
R-Tw-Inag= — AHE| 1 — — |+ [ 40¥far — 7w [ aCf dInT. (5)
ﬁ T,g 1’" 1 ’ltr &

Since all the quantities on the right-hand side are known, ag for the temperature 7T'tr
can be readily computed.

Analogously for the activity as of By in the same point Q and at the same temperature
Tt it holds

tr T, T
R-Tr Inay = — AHg[l ——= ] + [ACYdT — Tv [ ACY dInT. (6)
o e er

‘Since for T'tr it holds ax = ag, the activity aq is known. There are, however, on the right-
-hand side of eqn (6) two unknown quantities, viz. the hypothetical melting tempera-
*ture T% and the corresponding melting enthalpy AHE. Therefore it is necessary to find
another independent equation containing only these two quantities as unknown para-
meters. We will obtain this equation in the following manner.
For the transition temperature 7" it holds

AHY: = AHYE + AHv ()
then
T
AHY, = 4HS — [ ACYf aT. 8
a’!r
Likewise it holds
%
AHY: = AHS — [ ACY*dT 9)
jtr

and comparing eqns (7—9) we obtain eqn (10).

T T
AH', = AHY + AHv — [ ACW AT + | ACYar. (10)
I'tr Tr

Then eqns (6) and (10) enable us to determine both 7% and AHE.

For the computation of these two quantities, 7%, and AHL, also another procedure
may be used. '

We transform the activity coordinates in the functional dependence a} = f(T') as
follows

[22 /T3 a:'ptr = G/T; : a;v& 3 (11)
where ar., arl denote the original activity of the component B in the solution, saturated
with this component at T% and 7%, respectively; az., azt are the transformed activities

of the same component and at the same temperatures.
Usually one chooses arf = 1, and then ar. # 1.
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Let us choose ap: = 1; then from eqn (11) it follows that

Apee At 1
ap = ———F = (12)
x Apir Qpir
and
In a}.a = — Inap. (13)
respectively.
Then for the activity apt we obtain
a
Tf T:r e
R-T-lnate — — ARV |1 — =2 [ aCfxaT — T¢ [ AC¥*dInT. (14)
3 r, T ir T; . fo

Since AHY% can be determined using eqn (7), the only unknown quantity with respect
to relation (I4) is the temperature 7°%.

We will apply the procedure of the transformed activity coordinates to the computa-
tion of T%, and AHY for CaF; in the system LiF —CaF; and use for this purpose the data
according to Naylor [2]: )

TE, = 1691 K
AH{, = 7100 cal mol-?

C', = 23.88 gibbs mol-!
Ch = (25.81 - 2.5 x 10-3 T gibbs mol-!

% (14.30 4 7.28 x 10-37T 4 4.69 X 1057T-2) gibbs mol-!
1424 K
AHtr = 1140 cal mol-1

3
I

-

Considering the simplified case that ACp = 0 (eqn (4)), then
aq = 0.673, AH! = 8240 cal mol-!, T = 1648.18 K.

If we take the values of Cp according to [2] and apply eqn (I14), then aq = 0.642, a;, =
= 1.56 and
Tf = 1637 K; AHL = 9428.13 cal mol -1.

The calculated liquidus curve of CaF: («- and B-modifications) in the system LiF —CaF2
is presented in paper [3].
2. Only the values T,g and Tt are known, while AHS, AH', and all Cp values are unknown.

For this case the above-discussed procedure cannot be applied. Therefore by means
of the TA method we shall determine the liquidus of the component B and the point Q
with a highest possible accuracy (see Fig. 1).

2.1. Difference between T and T'** is not too great (up to approx. 100°C).

In this case the point Q is usually situated near the melting point of the pure compo-
nent B.-The activity ag may be therefore expressed with a satisfactory precision using
the universal relationship [4] as

St
ag = xBA/B,
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where kji'y denotes the number of particles appearing in the system formed by the pure-
substance B, as a consequence of 1 molecule of substance A brought in into the system.
If T'— Tt is less than 100°C, then the 3rd and 4th terms on the right-hand side of”
eqn (5) may be supposed to be negligible and we may use eqn (2). '

For the computation of AH}; and AH' the relation Inzs = f(T3') can be applied:

4HE T 1 1
e ey |
1
]an=q—k'T_B' (15)

Since the graphical representation of the dependence In a = f(1/T) is a straight line,.
it is possible;to determine the values of AHg and AHf from the slope of this line. In
Fig. 2 the course of the dependence In x = f(1/T') is presented for three different values-
of kSt

Frig. 2. The course of the dependence In x’WB =f(T-1) for k A,B— 1,2, 3.

The straight lines passing through the points l/fl"f and 1/Tf can be used to compute-
the magnitudes of AHj; and 4HY, respectively. The difference between AHE and AHf
equa.ls AH'r, The value of Tf can be obtained either using eqn (£) or graphically from.
Fig. 2

2.2. Difference Tf; — T'r > 100°C. (An approximate procedure.)

For this case the missing thermodynamic parameters will be determined in the follow-
ing way. Again it is supposed that the liquidus course of the component B in the system.
A —B is known and that the point Q has been determined. It should be noted that it
is advantageous to choose for the component A such a substance, for which it unam--
biguously holds that kA,B is an integer. The liquidus of B is evaluated by cryometry
for g - 1 and AHf calculated. For the point Q the criterion of the thermodynamic:
consistence 111 [5] is applied in the simplified form
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AHY: kp = AHE: ka

and AHE is obtained. The computation of 7T will be carried out using eqn (4). AHS
and AH{, are known, which makes it possible to determine the magnitude of 4Htr (eqn (7)).
By introducing the value of AH{, into eqn (I) the activity of the component B in the
point Q at the transition temperature T'tr is obtained. The comparison of this value
with the experimentally obtained concentration coordinate of the point Q will demon-
strate to what extent the accepted simplifications have been justified.
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