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An analysis was made of the demixing phenomena in the reciprocal ternaries Li, Me/Br, F 
(Me = Zn, Pb, Cd). It was found that the system Li, Zn/Br, F shows only a "tendency" to demix; 
the system Li, Pb/Br, F exhibits a miscibility gap (MG) which could be completely detected in the 
whole composition square; finally the system Cd, Li/Br, F shows a MG which was only partially 
measured along the stable diagonal. 

The trend in demixing of these systems agrees with the values of the standard enthalpy 
variations of the metathetical reactions. 

To increase the knowledge of the molten systems 
containing LiF, which show demixing phenomena, 
in the present work the stable diagonals of the 
ternaries Li, Zn/Br, F ; Li, Pb/Br, F and Cd, Li/Br, F 
were studied. For the system containing lead, since 
the MG could be completely detected, it was found 
convenient to extend the study to the whole com-
position square. 

To our knowledge, there are no experimental data 
available in literature on these systems. 

The apparatus, the experimental technique and 
the characteristics of the employed salts were de-
scribed in previous papers of this series 1. 

Results and Discussion 

Figure 1 reports the SL and LL equilibria for the 
pseudo-binaries LiF + ZnBr2; LiF + PbBr2 and 
CdBr2 + LiF. As it can be observed, the first one 
shows no demixing: the liquidus curve is clearly " S " 
shaped, thus indicating only a tendency to demix. In 
the composition range close to pure ZnBr2 , mea-
surements could not be carried out because of gel 
formation. 

For the system PbBr2 + LiF, the demixing area 
(shaded) was completely detected: the interpolated 
compositions, in molecular fractions, at which, by 
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Fig. 1. SL and LL equilibria for the systems LiF + ZnBr2, LiF + PbBr2 and CdBr, + LiF. The demixing areas are shaded. 
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cooling and shaking, demixing takes place, are re-
ported in Table 1 as a function of temperature. The 
coordinates of the point of maximum (PM) are: 
Z(LiF)j = 0.70, t = 1027 °C. Along the stable diag-
onal, the primary crystallization temperature (PCT) 
increases from 823 to 835 °C while £(LiF)2 varies 
from 0.24 to 0.955 . 

Table 1. LL equilibrium points for the pseudo-binary 
(LiF) 2 + PbBr2 . 

First phase Second phase Temperature 
(°C) 

z(LiF)2 = °-243 *(LiF)2 = 0.955 840 
0.252 0.953 880 
0.277 0.942 920 
0.325 0.918 960 
0.440 0.865 1000 
0.580 0.790 1020 
0.700 0.700 1027 (PM) 

To fully describe the topology of the mixture 
Li, Pb/Br, F, the four binaries which are the sides 
of the composition square and 10 cuts were studied. 

Figures 2, 3 show the SL equilibria and the co-
ordinates of the eutectics of the four binaries. The 
system PbBr2 -f PbF2 shows a compound 1 : 1 which 
melts congruently at 576 °C, and a 1 : 4 compound 

8 0 0 -

600 

400-
PbBr. 

-PbFo 

0 0.5 1 
Fig. 2. Phase diagrams for the binaries LiF + PbF2 and 

PbBr 2 +PbF 2 . 
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Fig. 3. Phase diagrams for the binaries LiBr + LiF and 
LiBr+PbBr2 . 

which decomposes at 579 °C. These results are in 
agreement with those reported by Sandonnini 2. In 
the stability field of solid PbF2 (1 ^ a : P b F 2 >0.8) , 
two different thermal effects at about 360 and 
410 °C were observed by DTA measurements. These 
effects were not satisfactorily reproducible, their 
presence being dependent on the thermal history of 
the sample. X-ray diffraction patterns taken on pure 
PbF, at different temperatures yielded the following 
information. On samples slowly heated, first an 
orthorombic phase 3 stable up to about 350 °C, then 
a cubic phase 3 stable up to about 400 °C was ob-
served. According to Ssauka 4 the orthorombic-cubic 
transition starts at 316 °C. On cooling, these tran-
sitions were no longer present: the phase stable at 
high temperature persists down to room tempera-
ture for a long time. 

As regards the binary LiF + PbF 2 , no data are 
available in literature. For the binaries containing 
LiBr (see Fig. 3) Bergman et al.5 reported data 
in agreement with those of the figure. 

Figure 4 reports the unstable diagonal LiBr + 
PbF2 : the PCT varies from 766 °C (^(LiBr), = 
0.645) to 785 °C (^(LiBr)s = 0.35) through a maxi-
mum at 835 °C ( £ ( 1 ^ = 0.485). The PM of the 
MG is at 1020 °C (a;(LiBr)! = 0.485 ) . 

The general topology of the system Li, Pb/Br, F 
is shown in Figures 5 and 6. Figure 5 reports the 
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and occupies 33.0% of the square. The main axis of 
the lens is shifted from the principal diagonal to-
wards the PbF2 corner. Along this axis, PCT is con-
stant at 835 °C. Figure 6 reports the projections of 
some LL isotherms: the upper critical point of the 
system can be evaluated at Z = 1 0 2 9 ° C and £(LiF)j 
= 0.38; Z(LiBr), = 0.30 and :rPbF! = 0.32. 

The system presents four invariant points three 
of which are eutectics. The coordinates of these 
characteristic points are: 

(Li Br ) 2 + PbF 2 
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Fig. 4. SL and LL equilibria for the unstable diagonal 
LiBr + PbF2 . 
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Fig. 6. General topology of the ternary Li, Pb/Br, F with 
the projections of some LL isotherms. 

Fig. 5. Diagonal and offdiagonal cuts in the reciprocal ter-
nary Li, Pb/Br, F with some significant temperatures. 

projections of the studied cuts along with various 
significant temperatures. The stratification lens 
(dashed) impinges on the LiF crystallization field 

E t : « = 312 °C; *(LiF)2 = 0.02; *(LiBr)2 = 0.10; 
xPbBr2 = 0.88. 

E2 : «=347 °C ; z(LiF)2 = 0.01; zPbBr2 = 0.97; 
zPbF2 =0 .02. 

E3 : £ = 525 °C ; *(LiF)2 = 0.08; *PbBr2 = 0.28; 
xpbF2 =0 .64 . 

P: f = 550 °C ; *(LiF)2 = 0.11; zPbBr2 = 0 . 1 9 ; 
xpbFo =0 .70 . 

The general topology of the system agrees with the 
triangulation rules. 

Finally, the system CdBr2 + LiF shows a large 
demixing area which has been shaded in the Fig-
ure 1. The PCT of this MG increases from 821 to 
842 °C while x ( L i F ) l varies from 0.11 to 0.96. The 
upper portion of the gap could not be measured. 

On the basis of Fig. 1 it is evident that in the 
three studied systems the trend in demixing is: 

Cd-system > Pb-system > Zn-system (1) 

this is analogous to what was found for the recip-
rocal ternaries Li, Me/Br, S0 4 (Me = Cd, Pb, Zn ) 1 . 

A guide to understand sequence (1) could be 
given by the AG values of the metathetical reactions 
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at the demixing temperatures. Since data on the cor-
responding free energies are lacking, in a first rough 
approximation, one can use the zl / /2 9 8 values of the 
reaction. Through the data available in literature 6 

and the standard heat of formation of ZnF2 as 
estimated in the Appendix, the following values 
were calculated: 

CdF,+2 LiBr - > CdBr, + 2 LiF AHlM = - 3 5 . 4 kcal/mole, 

2 LiBr + PbF2 - > 2 LiF-f PbBr2 AH°29a = - 3 2 . 9 kcal/mole, 

2 LiBr-f ZnF2 —»• 2 LiF + ZnBr2 Jtf2°98 = - 2 6 . 3 kcal/mole. 

The magnitude of these values follows sequence (1 ) . 

Appendix 

In order to estimate the Hogs value of solid ZnF2 

(not reported in literature), a search was made for 
some regularities in the heats of formation of ana-
logous bivalent cation halides. 

Among the various regularities observed, the 
simplest and most effectual one, when the halides of 
a particular cation are considered, is the linear de-
pendence of 7/29oo on l / r _ , where r_ is the ionic 
radius7 of Cl" (1.81 A ) , Br" (1.96 Ä) and I" 
(2.20 Ä ) respectively. 
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