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Isotherms in the phase diagram of the system Li;AlF,—LiF—CaF, were
calculated using different models of the melt. It was found that the model
respecting partial thermal dissociation of complex anion AIF:~, temperature
dependence of AH(fus, CaF,) and assuming dissociation of CaF, into CaF* and
F~ gives the best agreement with experimental data. Decrease of the degree of
thermal dissociation of cryolite anion with increasing concentration of compo-
nents LiF and CaF, proves the beneficial effect of these substances in aluminium
electrolyte on the decrease of fluorine emissions.

Paccuuranbl u3oTepMbl $ha3oBoi fuarpamMmsl cucteMs! LiAlFe—LiF—CaF,
C UCNOJIb30BaHHEM pa3NnUYHbIX Mofienel pacnnaBa. O6HapyXeHO, YTO MOfi€eb,
YYMTBIBAIOLIAS YACTHYHYIO TEPMUYECKYIO IHCCOLNALIUIO KOMILIEKCHOTO aHHO-
Ha AlF;", TemnepatypHyio 3aBucumocts AH(fus, CaF,) u npegnonaratomas
nuccounuposanue CaF, Ha CaF u F~, Haxoputcs B Hany4lleM COrJIacoBaHHUU
C 9KCepUMEHTAJbHBLIMKM AaHHBIMU. TIOHHXEHHE CTeneHH TepMHYECKOi Juc-
COLMALMM aHMOHA KPHMOJIMTA MPH YBEJNYEHHH KOHLEHTPALHUH KOMIOHEHTOB
LiF u CaF, cBuieTenbcTBYeT 0 61aronpuaTHOM AEHCTBUM 3THUX COEMHEHHH
B aJIOMMHHEBOM 3JIEKTPOJIUTE Ha CHUXEHHe IMHUccHil dTopa.

Investigation and construction of phase diagrams of new systems is usually very
laborious. Till now it is based almost exclusively on experimental work. From the
theoretical and practical point of view remarkable contribution to solution of this
problem can be done on the basis of calculation of liquidus curves (generally of
liquidus surfaces or volumes) using tabulated thermodynamic data. In the field of
physical chemistry of molten salts suitability of different models for this purpose is
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tested. It requires comparison of the calculated and experimental data on the
temperature of primary crystallization and the agreement between them is consi-
dered as a measure of reliability of the assumptions and of physical meaning of the
chosen model.

Survey of literature data on the studied system

The system Li;AlF—LiF—CaF, is a part of the system LiF—CaF,—AIF; which
has been experimentally investigated by several authors [1—9]. The data unam-
biguously confirm that in this system a congruently melting compound Li;AlF,
is formed. Thus there exists the stable diagonal Li;AlFc—CaF, which divides
the original system into two independent subsystems: Li,AlF,—LiF—CaF, and
Li;AlF¢—CaF,—AlF,. The first of this subsystems is the object of investigation
in this paper.

This system has been experimentally reinvestigated in 1966 [10]. It was found
that the phase diagrams of the binary systems Li,AlF,—LiF, Li;AlF,—CaF,, and
LiF—CaF, have a simple eutectic character. X-Ray analysis proved that no solid
solutions are formed. Also the ternary system is a simple eutectic system without
solid solutions. Composition coordinates and temperatures of eutectic points are
summarized in Table 1.

In the cited paper [10] the experimental results were compared with calculations
of the liquidus curves. The Le Chatelier—Shreder equation was used

AH(fus,i)( | 1)
R T(fus,i) T(i)

a(i) is the activity of the i-th component, AH(fus, i) is the molar enthalpy of fusion
of this component, T(fus, i) is its temperature of fusion and T\(i) is the temperature
of primary crystallization (liquidus temperature) of the i-th component.

The following two models for relationship between activity and mole fraction of
components were used:

a) The system was assumed to- be ideal; a(i) = x(i).

b) The Temkin model of ideal ionic mixtures was used [11]; in this case the
activity equals the product of cationic and anionic fractions. The following
dissociation schemes were assumed

Ina(i)= (1)

Li,AIF, = 3Li* + AIF}- (A)
LiF 2 Li*+F- (B)
CaF, 2 Ca** +2F~ (O)

The enthalpies of fusion of pure components were taken from literature [12—14].
Their temperature dependence was neglected.
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Table 1

Composition coordinates and temperature of eutectic points in the studied systems [10]

Calculated according to the Temkin model

x(Li,AlF,) x(LiF) x(CaF,)
System mole % mole % mole % TiK x(Li,AlF,) x(LiF) x(CaF,) T/K
mole % mole % mole %
Li,AlIF,—LiF 29.5 70.5 — 988 38 62 — 953
Li;AlF—CaF, 56.5 — 43.5 976 55 — 45 908
LiF—CaF, — 79.0 21.0 1038 — 83 17 1053
Li,AlF.—LiF—CaF, 25 23 52 938 31 44 25 873
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The variant b) gave better agreement between experimental and calculated data.
It was concluded that the behaviour of the system approaches the Temkin model of
perfect ionic solutions. As seen from Table 1 the difference in composition does
not exceed 10 %. However, the difference in the eutectic temperatures is rather
high. It follows that the model does not describe behaviour of the studied system
with sufficient precision and one should seek a possibility for improving the
agreement with experiment.

It is known that cryolite anion thermally dissociates. Grjotheim [15] used for
solution of this problem the Glasstone’s idea [16]. He assumed that cryolite
completely electrolytically dissociates into sodium cations and anions AIF3~ which
further partly thermally dissociate according to the scheme

(1 - bo) AIF}~ — by AlF; +2b, F- (2)

b, is the degree of thermal dissociation of AIF?~ in the melt of pure cryolite. In the
mixture this parameter is denoted as b. It is generally different from b,.

It is obvious that the thermal dissociation will influence the activities of
components and consequently the calculated liquidus curves. Application of this
procedure to the calculationof liquidus curves of Li;AlF, in its mixtures with CaF,,
SrF,, BaF,, and LiF, respectively, gave better agreement with experimental
liquidus curves of Li;AlF, [17] in relevant binary systems. The best fit was obtained
for bo=0.25 [12]. Simultaneously it has been shown [17] that in the system
Li;AlF,—CaF, calcium fluoride does not dissociate according to the scheme (C)
but rather according to the scheme

CaF, 2 CaF* +F- (D)

Refined calculation of isotherms

Calculation of isotherms of the phase diagram of the system Li;AlFc—LiF—CaF,
presented here differs from that used in paper [10] in the following details:

— partial thermal dissociation of anion AIFZ- is taken into account;

— two possibilities of dissociation of CaF, according to the scheme (C) or (D)
are considered;

— at the calculation of liquidus curve of CaF, the temperature dependence of
the enthalpy of fusion AH(fus, CaF,) is taken into account. This includes also the
polymorphic transition of CaF,(a) into CaF,(B) at 1424 K. (In the case of liquidus
curves of Li;AlFs or LiF the temperature dependence of the enthalpy of fusion can
be neglected because the temperature ranges in remarkably smaller interval than in
the case of liquidus of CaF, (ca. 550 K).)
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CALCULATION OF ISOTHERMS IN PHASE DIAGRAM

Using procedure described in [15—17] the relationships for activity and dissocia-
tion constant K°(dis) of pure molten Li,AlF, were derived for two alternatives
based on two possible schemes of dissociation of CaF,

i) CaF, 2 Ca?>* +2F-
ii) CaF, 2 CaF++F-
For thermal dissociation of Li;AlFs it follows

4b3
b (1 +25,)° (3)

b, was adopted to be 0.25 for both models. Then K°(dis)=0.03704 and for
activities of components it follows

K°(dis) = =

a(LiAlFe) = (?’iZfY ' 11(5;1,11)2 (4i)
a(LiAlFy) = (P252) - 3050 (4ii)
a(LiF) =52 A (5i)
U =75 (i)
ook = (SRR o
a(CaFs) =175 P (6i)
a(LiAIE HT&? 1+2f3) s (7i)
a(LiAIF,) = i’%xz . % (i)
K(din)= iy 2 s o7 (8i)
K@i = 2 (8ii)

In the relations (4—8) x, y, z denote the mole fractions of Li;AlF,, LiF, and CaF,,
respectively. The degree of dissociation of AIF~ in the mixture (it is denoted as b)
was calculated under the assumption
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K°(dis) = K(dis) (9)

After introducing the activities into eqn (1) the corresponding temperatures of
primary crystallization of components were calculated. In the case of CaF, the
temperature dependence of the enthalpy of fusion was taken into account

In a(CaF,) = AH{us, CaFy) ( ! 1

R T(fus, CaFy) T(Can)> +f(AG(I5s)) (10)

In this way three temperatures of primary crystallization were obtained for each
composition point in the ternary system. The highest value of the temperature was
considered as that corresponding to the solidus—liquidus equilibrium and it was
used for construction of surfaces of monovariant equilibrium. The used ther-
modynamic data are presented in Table 2. The results are plotted in Figs. 1 and 2.
With respect to extended numerical results only the calculated data for composition

LizAlFg xti) LiF

Fig. 1. Isotherms in the system Li,AlF,—LiF—CaF, calculated according to the variant ii).
——— Calculated; —————— experimental.
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Table 2

Thermodynamic data of pure components [18]

: AH(fus) AH(a=22f) T(fus) T(a22B) G, (19 G, (s%)

ampant kJ mol~! kJ mol~! K K J K- mol! JK ' mol™! bo
Li;AlF, 86.29 — 1058 — — — 0.25
LiF 27.09 — 1121 — — — 1.0
CaF,(a) 29.71 4.77 1691 1424 100 108+10.5x10*T 1.0
CaF,(B) 34.48 — 1679.5 — — 60+30.5x10° T+1.97x10° T2 1.0
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Fig. 2. Isoplets of the coefficient of dissociation of AlFg~ in the system Li;AlF—LiF—CaF, calculated
according to the variant ii).

and temperature of binary and ternary eutectic points are given in Table 3. The
agreement is evaluated in percents of the difference between the calculated and

experimental value.

Results and discussion

The system Li,AlFc—LiF—CaF, contains a complex compound which partly
thermally dissociates under melting. One of the products of the dissociation are the
ions F~ which are present also in the other two components. Thus the system can be
considered as a system with common anion. It follows that the decrease of
concentration of Li,AlF, must cause also a decrease in the degree of thermal
dissociation of the anion AIF?~. This was confirmed by calculations.

Another special feature of the studied system is the fact that the melting point
of CaF, is about 500 K higher than melting points of the other components and
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CALCULATION OF ISOTHERMS IN PHASE DIAGRAM

Table 3

Comparison of the experimental and calculated data on composition coordinates and temperature
of eutectic points in the studied systems

x(Li;AlF) x(LiF) x(CaF,) T(E)

Bystem mole % mole % mole % K
Li;AlF—LiF
found 30.0 70.0 — 988
calc. (i) 31.4 68.6 — 999
A, ()% 4.7 2.0 — 1.1
calc. (ii) 314 68.6 — 999
A, (i1)/ % 4.7 2.0 — 1.1
Li;AlF,—CaF,
found 56.5 — 435 976
calc. (i) 49.0 — 51.0 922
A, (i)/% 133 — 17.2 5.5
cale. (ii) 49.5 — 50.5 951
A, (i1)/ % 124 — 16.1 2.6
LiF—CaF,
found — 79.0 21.0 1038
calc. (i) — 79.5 20.5 1039
A, ()% — 0.6 24 0.1
calc. (ii) — 79.5 20.5 1039
A, (ii)/% - 0.6 . 24 0.1
Li;AlFc—LiF—CaF,
found 25.0 52.0 23.0 938
calc. (i) 448 8.6 46.6 921.5
A, (i)/% 79.2 83.5 102.6 1.8
calc. (ii) 30.6 38.9 30.5 940.5
A, (ii)/% 224 25.2 32.6 0.3

AJ% =100 |found — calc. |

found

moreover it has a polymorphic transition in solid phase. This makes the agreement
between calculated and experimental data specially worth. The calculated and
experimental eutectic temperatures differ less than by 6 %. The differences
in composition coordinates are somewhat greater, especially in the system
Li;AlFe—CaF, (ca. 13 %) and in the ternary system Li;AlF,—LiF—CaF,
where the difference ranges from 8 to 103 %. As may be seen from Table 3
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a better agreement with experiment for all investigated systems was achieved
when the dissociation of CaF, into CaF* and F~ was assumed (the variant ii)).
This result again confirms the justification of the second model of dissociation
of CaF,. Calculation of the ternary eutectic point according to the variant i) gives
unsatisfactory results.
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