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The thermodynamic analysis of the shape of the liquidus curves was
carried out in the quasi-binary system LigAlFs—KCl. It was proved that
the liquidus curve for KCl would be convex with regard to the concentration
axis. It is thus evident that the linear course of the KCl liquidus curve, which
has been presented in literature, is incorrect.

General remarks

The system LizAlFs—KCI can be considered to be a spacial linear section of the quater-
nary reciprocal system Lit, K+, Al3+||F~, Cl” (Fig. 1). In the binary system, the follow-
ing exchange reactions are possible:

LizAlFs 4 3KCl = 3LiCl + K3AlFs,
LisAlFg 4+ 3KCl = 3LiF + 3KF 4 AlCls,
LisAlFs 4+ 6KCl = 3LiCl + 6KF 4 AlCls.

However, by means of the X-ray analysis of the quenched samples only the characteristic
lines of LizAlFs and KCIl were determined. Thus it is evident that the exchange equilibrium
is shifted completely to the left and that the examined system has a character of a quasi-
-binary system. Furthermore, the system LigAlF¢—KCl was found to be a simple eutectic
system [1].

So far, two papers were published concerning the system LisAlFs—KCl. Malinovsky
[1] studied a part of this system in the concentration range from 0 to 20 mole 9%, KCI
and on the basis of the measured values of the temperature of the primary crystallization
he determined the enthalpy of melting of LisAlFs using the cryoscopic method. Recently,
the phase equilibria in the system LisAlFs—KCl were studied and thermodynamically
interpreted by Matsushima [2] who also confirmed that this is a simple eutectic system
with an eutectic point at 24.5 mole 9%, LisgAlFs and 75.5 mole 9, KCl, the eutectic tempe-
rature being 621°C. (It is to be mentioned, that the concentration data in [2] are re-
versed.) According to [2], the liquidus curves for both LizAlFg and KCl are linear.

With regard to the great importance of the study of this system for better under-
standing of the dissociation mechanism of lithium cryolite it was considered necessary
to perform the thermodynamic analysis of the shape of the liquidus curves.
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The course of the liguidus curves in the proximity of the melting points
of pure components

The fundamental thermodynamic differential equation for the activity of the first
component in a simple eutectic system @ —Z along the corresponding liquidus curve is

AHY 4T,
R T3

dlnay, =

) ()

where AHg" is the molar enthalpy of melting of the component @ at the temperature T'q,
R is the universal gas constant,
Tq is the temperature of the primary crystallization of the substance @ from
a liguid solution @ + Z, in which the activity of the substance @ is equal
to agq.

()

750

KsFs

LigFg

700

\ 650
\
N
Al,Clg N
\\
X
; : 600 L L
LigClgds O KsCls 70 80 90 KCl
mole 7o KCl
Fig. 1. The concentration triangular prism Fig. 2. Part of the phase diagram of the
of the quarternary reciprocal system Li+, system LizAlFg—KCl.
K+, Al3+||F7, C1™ Full line: Matsushima’s experimental
data [2].

Dotted lines: a) calculated slope of the

tangent to the KCl liquidus curve for

2gq =~ 1 and k¥ = 4; b) the same for

k¥ = 10; ¢) calculated slope of the

tangent to the KCl liquidus curve in the
eutectic point.

Since for xq — 1, ag - xq¢ (x; being the mole fraction of the substance @ in the solution
Q + Z saturated at T¢ with respect to @), we may write
drT R(T%)?
jim Te _ RTQ® e 2
zo—>1 d.’EQ AH&

39 Chem. zvestt 26, 31 —35 (1972)



PHASE DIAGRAM

The validity of the equation (2) is limited to the case when each molecule of the sub-
stance Z introduces only one new particle into the molten substance . If the number
of new particles is greater than 1, then the right side of the equation (2) is to be multi-
plied by the Stortenbeker’s correction factor k3y, which is numerically equal to the num-
ber of new particles. Then, according to [3]

arT
lim — ¢
Zo->1 d.’cQ

= K§' - Kilo- 3)

Hence it is inevitable to know the dissociation scheme of the substance Z, which is
present in minor concentrations in the substance Q.

Let us assums that @ = LigAlFs and Z = KCI. In this case we may assume that KCl
dissociates into K+ and Cl” Then &§!, = 2 and we may write

darT, R(TE)?2
lim e = (To)

-2 = 215.5°C. (4)
ze->1 dxg AH(S

For this calculation the data presented by [2] have been accepted: T% = Tt p, =
=1056 K, and AHf, = AHf; ,p, = 20.7 X 103 cal mole1,
From the data presented by Matsushima [2] and with regard :to the linear cha-
racter of liquidus curves it follows that
o o
G e Mg | TEEY 214.6°C,. (5)
ze->1 duxy Az, 0.755

Since the possible inaccuracy is 5—109,, the agreement between the values calculated
using the equations (4) and (5) may be regarded as very good.

The same calculation for the liquidus curve of KCl is stipulated by the knowledge
of the dissociation scheme of LizAlFg dissolved in molten KCIl at low concentrations.
In this case several possibilities are to be taken into account

a) LisAlFe — 3Li+ + AIFY; A, = 4.

In this scheme, the complex anion AlF3™ is assumed to be stable in the diluted solutions
of LizAlFe in KCl, what is very improbable.

b) Li;AlFy - 3Li+ + (1 — p) AIF} + BAIF; + 28F-.

Here the equilibrium constant of dissociation of the anion AlF{™ is given by the equa-
tion

_ AIF[FP
[AIF{]

If the mole fraction for LizAlFs, z¢ — 0, the dissociation degree f — 1. Therefore,
in this case k3, — 6. An analogical scheme was proposed by Grjotheim [4] and by Frank
and Foster [5] for the dissociation of NagAlFg

¢) LizAlF¢ - 3Lit 4 3F~ 1 AlFj; k%tl’z =1.
An analogical scheme for the dissociation of NazAlFs was presented by Rolin [6]

d) Li3AlFe¢ - 3Lit 4 Al3* 4 6F~
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Here kg, = 10; though, in this case the formation of complexes AICl; and AICI,
respectively, seems to take place. An analogical scheme of dissociation of NazAlFg
was experimentally demonstrated by Zarzycks [7]in the system NasAlF¢—LiBO; and by
Petit and Ngo Tuang [8] in the system NazAlF¢—BaCly. Thus, the value of the con-
stant k3, is evidently within the limits

4 <k, <10
and for the slope of a tangent to the liquidus curve of KCl we obtain
dTz

1344°C < lim
zz->1 dwz

< 3360°C.

According to Matsushima [2]

. a7z AT, 772° — 621°
lim = =
xz->1 dxz Amz 0.245

= 616.33°C.

To this value corresponds the value kfl, = 1.83 ~ 2 (if a possible inaccuracy of the
measurement is considered). This value is evidently unreal since it indicates that in
molten KCl one molecule LizAlFs dissociates under the formation of only two new par-
ticles.

The course of the liquidus curves in the proximity of the eutectic point

According to Dodé and Hagége [9], in the proximity of the eutectic point the follow-
ing relation is valid

wo AHP kg = 2z AHF kg, (6)
where zq and z; = 1 — zq are the co-ordinates of the eutectic point E,
AHY? and AHY® are the partial molar enthalpies of the substances @ and Z,

respectively, for the process ‘‘solidus — liquidus’ at the
temperature of the eutectic crystallization T'g,

ko and k, are the slopes of the tangents to the liquidus curves of the
substances @ and Z in the eutectic point E and, therefore

a7’ dT
ko = i and kz = 4
dzg /e dzz [k

The relation (6) can be used for checking the consistency of the course of the liquidus
curve in a system of a given type.

The linear course of the liquidus curve of LisAlFs in the investigated system was
confirmed by two different authors [1, 2] and thus it can be regarded as determined
reliably. Therefore we shall use the relation (6) for a control of the course of the liquidus
curve of KCl in the proximity of the eutectic point E. For this purpose the value of
kz (Z = KCl) is to be determined. For simplification, we assume AHY ~ AHE, 5 =
= 20.7 keal mole-1 and AHY® ~ AH%y = 6.5 keal mole-1. This approximation affects
only & minor error in the final result. Introducing the above values into the relation (6),
we obtain

0.245 x 20.7 x 103 x 214.6
kz >~ = 221.8°C.
0.755 x 6.5 x 103

However, according to Matsushima’s results kz = 616.3°C.
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It is evident that the difference in these results surpasses many times the possible
experimental error. Hence the course of the liquidus curve of KCl in the proximity of
the eutectic point, as presented by Matsushima [2], is improbable.

From the thermodynamic analysis it ensues that the course of the liquidus line of
KCl is not a linear one, since the slopes of the tangents to the liquidus curve for zxc1 - 1
and xxc1 = «g are substantially different. Regarding the values of both slopes, the liquidus
curve of KCl is to be convex towards the concentration axis (Fig. 2). The linear course
of the liquidus presented by Matsushima seems, therefore, to be open to criticism.

In order to confirm the conclusions of the thermodynamic analysis, it is necessary
to reexamine the phase diagram LizAlFg—KCI experimentally. The experimental data
will be presented in Part IT of this paper.
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