Calculation of liquidus curves in phase diagrams
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Liquidus curves were calculated in the phase diagrams NasP207;—Mg:P>07
and NasP207—Zn;P207. From the phase diagrams and using the method of
thermodynamic analogy, the enthalpy of fusion of ZnsP;07; was determined
(4H" = 17 keal mol-1). Good agreement between calculated and experi-
mental data was achieved assuming a partial dissociation of the congruently
melting compounds Na;Mgs.5(P2:07)s and Na:ZnP;07 («0 = 0.05).

The phase diagrams NasP207—MgsP207 and NasP2O7— Zn,P207 were studied by means
of hot-stage microscopy and DTA [1, 2]. The crystallographic description of the present
ternary compounds can be found in cited papers. This work deals with theoretical calcu-
lations of liquidus curves in the given systems. Because there have been published many
papers dealing with the calculation of phase diagrams (e.g. [3—5]) we shall present here
only equations used in this paper without deriving them in detail.

Theoretical
In a simple cutectic system it holds
AHS, d_T
RT?

dlna = (1)
where 4HY, is the molar enthalpy of fusion,

T  is the temperature of primary crystallization,

a is the activity of the component in the melt,

R is the gas constant.

Assuming that the difference between heat capacity in liquid and solid states of the

considered substances is constant (dc, = const) we obtain by integration of equation
{I) the relation
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where T is the temperature of fusion of a pure component,
AH' is the enthalpy of fusion of a pure component.

If a chemical compound appears in the binary phase diagram, there is a maximum
in the diagram and the shape of the maximum on liquidus curve depends on the degree
of dissociation of the compound. Assuming that substance AB dissociates according
to the scheme

AB=A+B (3)
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with the degree of dissociation «® and assuming further that the enthalpy of dissociation
equals zero, the equilibrium constant K of equation (3) does not depend on the temperature

and can be expressed as

=

o(Na + o« Nag)

(=) (1+ aNip)

where K

(4}

is the constant of dissociation,

o is the degree of dissociation of compound AB in mixture AB—A,
Na, Nap are the mole fractions of components inmixture AB—A weighed-in

a crucible.

If Nap = 1, and therefore Ny = 0, o = af.

The real mole fraction of component AB in mixture AB—A is

XTAB =

Nan(l — a)

; ()

(1 4+ o Nag)

Assuming that Ac, of component AB equals zero, we obtain equation similer to equation (2)

AH!
R

In zag =

1

1
» (6}
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where x4z is the real mole fraction of component AB in mixture AB—A,
Tt is the hypothetical temperature of fusion of undissociated compound AB.
A more detailed description of the considered method of calculation is in [6].
In the calculation of liquidus curves, it is necessary to express the dependence of the
activity of a component in the melt on the composition in a convenient way. It is assumed
that the dependence of the activity on the composition can be expressed as
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Fig. 1. The phase diagram of the system
Na.4PzO T Zn2P20 7.
—— calculation of the activity after ecua-
tion (7);
calculation of the activity after ‘Tem-
kin’s model;
¢ experimental data.
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Fig. 2. The phase diagram of the system
Na4P20 = MgszO 1
—— calculation of the activity after equa-
tion (7);
calculation of the activity after Tem-
kin’s model;
O experimental data.
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a = ok (7)
where a is the activity,
2 is the mole fraction,
k is the integer which equals the number of new (foreign) particles brought into
the melt.

The liquidus curves calculated on the basis of this assumption are drawn in Figs. 1
and 2 (full line). The dashed lines illustrate the liquidus curve calculated on the basis
of Temkin’s model [7]. Marking the mole fraction of the first component as z, the activity
of the first component in the systems NasP:0;—NaZnP20; and NagP>0;—Na:MgP:07
can be expressed as

(8)

NagP207 = (

2 4+ 2\4
x + 3
In the systems Zn,P>07;—Na2ZnP>07; and Mg:P>207—Na.MgP>0; the activity can be

expressed by the relation
x4+ 1\2
QZn2P207; = ( ) 9)

33—

Results and discussion

The results of the calculation of liquidus curves are shown in Figs. 1 and 2. As stated
before, the phase diagrams were for calculation formally divided into two parts. After
recalculation of the co-ordinates, the results were summarized in one figure. The calcu-
lation in both systems NayP207—Zn:P207 and NasP:07;—Mg,P207 were carried out in
a similar way. For a simplicity it was assumed that even in the system Na P>207;—MgzP207
the new particles added to the melt were those corresponding to the compound NasMgP20+.

Systems NasPy07—NagZnP207 and NasP207;—NasMgP>05

The calculation of liquidus curves was similar in both systems. The component
Na:ZnP207 and Na:MgP20- brings into the melt NasP;O7 only one new particle (Zn2+,
Mg2+) and, therefore, the constant k in equation (7) equals 1. Also Temkin’s model (dashed
line) describes well the liquidus curve. It isnecessary to take into account that good agree-

Table 1

Temperature and molar enthalpy of fusion of some pyrophosphates

~ H! Tt
Compound [kc:ll mol-1] (K] Ref.
NayP20; 14.0 1273 [8]
Mg2P207 32.1 1633 [10]
CazP207 24.1 1626 [9]
ZnyP207 17 1283
Na,gMgP207 17 1108
NazZnP207 14.5 1081

The values of the temperature of fusion are from this work excepting the value for
C&zP207.
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ment between calculated and experimental data in the system Na,P2:0;—Na2ZnP,0-
up to 30 mole 9, Na:ZnP:0; corresponds to 15 mole 9, Zn:P;O; in the system
NasP207—ZnsP>0;. The values of enthalpies of fusion are summarized in Table 1. The
enthalpy of fusion of NasZnP:0; and Na:MgP-07 was cstimated on the assumption that
the entropy of fusion of these components could be evaluated as the sum of entropies
of fusion of NasP2:07, Zn:P207, and Mg2P20- and the ideal entropy of mixing of these com-
ponents. The part of the phase diagram on the side of the congruently melting compounds
Na2ZnP:07; and Na;MgP:0, was calculated assuming the degree of dissociation of the
compounds «® = 0.05. (The value of «® was estimated by a trial and error method.) The
calculated curves are in Figs. 1 and 2 (full line). In the system containing Na;Mgas.s
(P207)4, & correction for the real composition of the congruently melting compound was
done.

Systems ZnoPs07—NaZnPy07 and MgePs0O7—NagMgPy0-

It is clear that in these cases the congruently melting compound brings into the melt
two new particles (2Na+*) and therefore & = 2. Temkin’s model fits the experimental
data only in a small concentration range. Better agreement was achieved when the values
of the enthalpy of fusion were lower by 2 kecal than those in Table 1. This assumption
may be justified by the fact that in the calorimetriz value of the enthalpy of fusion the
enthalpy of a partial dissociation of the anion P,04" is included as well. In the calculation
of liquidus curves the enthalpy of fusion should correspond to the solidus/liquidus transi-
tion without contribution of dissociation. However, the liquidus curves presented in Figs. 1
and 2 are calculated on the basis of literature data. The enthalpy of fusion of ZnsP>0,
was estimated assuming that the entropy of fusion of this compound is equal to the
entropy of fusion of Ca2P20+. Besides, the enthalpy of fusion determined in this way is
in good agreement with the data obtained from the phase diagram.

Comparison of the calculated and the experimental liquidus curves shows that the
proposed method of calculation of liquidus curves is suitable for the systems of this type
and yields valuable information on the investigated systems.

The calculations were carried out using a computer CDC 3300 (Calculating Research
Centre United Nations D. P., Bratislava).

References

p—

. Majling, J. and Hanie, F., J. Solid State Chem., in press.
. Majling, J., Palco, 8., Hanie, F., and Petrovié, J., to be published in this journal.
3. Forland, T., Thermodynamic Properties of Fused-Salt Systems, in Fused Salts. (B. R.
Sundheim, Editor.) P. 63, McGraw-Hill, New York, 1964.
4. Denbigh, K., The Principles of Chemical Equilibrium. University Press, Cambridge,
1966.
5. Malinovsky, M., Doctor of Sciences Thesis. Slovak Technical University, Bratislava,
1969.
6. Brynestad, J., Z. Phys. Chem. (Frankfurt) 30, 123 (1961).
7. Temkin, M., Acta Physicochim. URSS 20, 411 (1945).
8. Rossini, F. D., Selected Values of Chemical Thermodynamic Properties. U. 8. NBS
Circular 500, 1952; reprinted 1961.
9. Kelley, K. K., U. S. Bur. Mines Bull. 1962 610.
10. Oetting, F. L. and McDonald, R. A., J. Phys. Chem. 67, 2737 (1963).
Translated by P. Fellner

o

Chem. zvesti 27 (6) 728 —731 (1973) 731



