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Liquidus curves were calculated in the phase diagrams Na4P207—Mg2P207 

and Na4P2Ü7 —Zn2P207. From the phase diagrams and using the method of 
thermodynamic analogy, the enthalpy of fusion of Zn2P207 was determined 
(AH1 = 1 7 kcal mol - 1). Good agreement between calculated and experi
mental data was achieved assuming a partial dissociation of the congruently 
melting compounds Na?Mg4.5^207)4 and Na2ZnP207 (a0 = 0.05). 

The phase diagrams Na4P207—М^гРгСЬ and Na4P207 — Zn2P207 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 eutectic system it holds 

AH* áT 
d l n a = (1) 

RT°-
where AH\r 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 (Acp = const) wo obtain by integration of equation 
(J) the relation 

AH* / 1 1 \ Acv IT' 2 П 
lna== -1 — 1 - In — 

R \Tf T J R \T T J 

(2) 

where T{ is the temperature of fusion of a pure component, 
AW 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 + В (3) 

728 
С hem. zvesti 27 (6) 728-731 (1973) 



CALCULATION OF LIQUIDU8 CUBVES 

with the degree of dissociation a0 and assuming further that the enthalpy of dissociation 
equals zero, the equilibrium constant К of equation (3) does not depend on the temperature 
and can be expressed as 

*(NA + acN AB) 

(1 - a ) ( l + <XNAB) 
W 

where К is the constant of dissociation, 
a is the degree of dissociation of compound AB in mixture AB—A, 
NA, A7AB are the mole fractions of components inmixture AB—A weighed-in 

a crucible. 
If iVAR = 1, and therefore NA = 0, a = a0. 

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

#лв = 
NAn(l - a) 

(1 + oc NAB) 

(6) 

Assuming that Acp of component AB equals zero, we obtain equation similar to equation (2) 

AHf / 1 1 \ 
In жлв = 

R \T[ TJ 
(в) 

where #лв is the real mole fraction of component AB in mixture AB—A, 
T Q 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. I t 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 4 P207-Zn 2 P207. 
calculation of the activity after equa

tion (7); 
calculation of the activity after Tem-

kin's model; 
О experimental data. 
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. 2. The phase diagram of the system 
Na 4P207-Mg 2P207. 

- calculation of the activity after equa
tion (7); 

calculation of the activity after Tem-
kin's model; 

О experimental data. 
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a = x* (7) 

where a is t h e act iv i t j r , 

x is t h e mole fraction, 

к is t h e integer which equals t h e n u m b e r of new (foreign) part icles b r o u g h t into 

t h e mel t . 

T h e l iquidus curves calculated on t h e basis of this a s s u m p t i o n are d r a w n in Figs . 1 

a n d 2 (full line). The dashed lines i l lustrate t h e l iquidus curve ca lculated on t h e basis 

of T e m k i n ' s model [7]. Marking t h e mole fraction of t h e first c o m p o n e n t as x, t h e ac t iv i ty 

of t h e first c o m p o n e n t in t h e sys tems N a 4 P 2 0 7 — N a 2 Z n P 2 0 7 a n d Ка^РгОт — N a 2 M g P 2 0 7 

c a n be expressed as 

«isTa4P207 = I I (8) 
/ 2x + 2 у 

" \ x + 3 ) 

I n t h e sys tems Zn2P2C>7 —Na 2ZnP 2C>7 a n d M g 2 P 2 C b —Na2MgP2C>7 t h e a c t i v i t y can b e 
expressed b y t h e re lat ion 

/ x + l \ 2 

ÖZn2P207 = I I (") m) 
Resu l t s a n d discussion 

The resul ts of t h e calculat ion of l iquidus curves are shown in Figs . 1 a n d 2. As s t a t ed 
before, t he phase d iagrams were for calculat ion formally divided into two p a r t s . After 
recalculat ion of t h e co-ordinates , t h e resul ts were summar ized in one figure. The calcu
lation in b o t h sys tems N a 4 P 2 0 7 — Zn 2 P 2 07 a n d Na4P2C>7 — М ^ Р г С Ь were carr ied o u t in 

a similar way. F o r a s implicity i t was a s sumed t h a t even in t h e s y s t e m Na^PzCb — М^гРгСЬ 

t h e new part icles a d d e d t o t h e m e l t were those corresponding t o t h e c o m p o u n d Na2MgP 2 Cb. 

Systems N a 4 P 2 0 7 — N a 2 Z n P 2 0 7 and N a 4 P 2 0 7 — N a 2 M g P 2 0 7 

T h e calculat ion of l iquidus curves was similar in b o t h systems. T h e c o m p o n e n t 

N a 2 Z n P 2 0 7 a n d N a 2 M g P 2 0 7 brings i n t o t h e m e l t Ка^РгО? only one new part ic le ( Z n 2 + , 

M g 2 + ) a n d , therefore, t h e c o n s t a n t к in e q u a t i o n (7) equals 1. Also T e m k i n ' s m o d e l (dashed 

line) describes well t h e l iquidus curve. I t is necessary t o t a k e into a c c o u n t t h a t good agree-

Table 1 

T e m p e r a t u r e a n d molar e n t h a l p y of fusion of some p y r o p h o s p h a t e s 

C o m p o u n c l [kcalmol-i] [K] R e f -

N a 4 P 2 0 7 14.0 1273 [8] 
M g 2 P 2 0 7 32.1 1633 [10] 
C a 2 P 2 0 7 24.1 1626 [9] 
Z n 2 P 2 0 7 17 1283 
N a 2 M g P 2 0 7 17 1108 
N a 2 Z n P 2 0 7 14.5 1081 

T h e values of t h e t e m p e r a t u r e of fusion are from this work except ing t h e value for 

Са.РгО?. 
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ment between calculated and experimental data in the system N a ^ O ? — Na2ZnP207 

up to 30 mole % Na2ZnP2Ü7 corresponds to 15 mole % Zn2P2Cb in the system 
Na4P207 —Z112P2O7. The values of enthalpies of fusion are summarized in Table 1. The 
enthalpy of fusion of Na2ZnP2Ü7 and Na^MgPoO? was estimated on the assumption that 
the entropy of fusion of these components could be evaluated as the sum of entropies 
of fusion of Na,4P207, Zn2P2Ü7, and М '̂гРгСЬ and the ideal entropy of mixing of these com
ponents. The part of the phase diagram on the side of the congruently melting compounds 
NaoZnP207 and Na2MgPo07 was calculated assuming the degree of dissociation of the 
compounds a0 = 0.05. (The value of a0 was estimated by a trial and error method.) The 
calculated curves are in Figs. 1 and 2 (full line). In the system containing Na?Mg4-5 
(РгСЬЬ, a correction for the real composition of the congruently melting compound was 
done. 

Systems Z n 2 P 2 0 7 — N a 2 Z n P 2 0 7 and M g 2 P 2 0 7 — N a 2 M g P 2 0 7 

I t is clear that in these cases the congruently melting compound brings into the melt 
two new particles (2Na+) and therefore к = 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 kcal than those in Table 1. This assumption 
may be justified by the fact that in the calorimetric value of the enthalpy of fusion the 
enthalpy of a partial dissociation of the anion P2Oy" 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 Zn2P20? 
was estimated assuming that the entropy of fusion of this compound is equal to the 
entropy of fusion of СагРгСЬ- 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). 
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