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The special form of the LeChatelier—Shreder equation describing the equilibrium between crys­
talline phase and melt in the system A—AB when substance AB partially dissociates upon melting 
was applied in the systems KF—K3TÍF7 and KCl—KsTiFeCl. Because all the three charac­
teristic parameters, i.e. the dissociation degree of the dystectic melting binary compounds, their 
enthalpy of fusion, and their phase diagrams, were determined experimentally, the LeChatelier— 
Shreder equation was used in order to determine the thermodynamic consistency of these quantities 
and thus also their reliability. 

Using two known phase diagrams of the system KF—K3TÍF7 and the measured enthalpy of 
fusion of K3TÍF7 the value of the dissociation degree of K3TÍF7 was calculated. The value 0.720 
was calculated on the basis of the phase diagram measured by Chernov et al. while the value 0.404 
resulted from that measured by Chrenková et al. The experimentally determined values are 0.65 or 
0.67. 

Prom the same phase diagrams and the measured values of the dissociation degree the enthalpy 
of fusion of K3TÍF7 was calculated. The value 62 446 J mol -1 was obtained using the dissociation 
degree 0.65, while the value 60 623 J mol -1 corresponds to the dissociation degree 0.67. The 
calorimetrically measured value is (57 000 ± 2000) J mol-1. 

Using the lowest measured eutectic temperature in known phase diagrams of the system KCl— 
KsTiFeCl (925 K) and the calorimetrically determined enthalpy of fusion of K3TiFeCl, the 
composition of the eutectic point xeut(K2TiFe) = 0.314 was calculated, while the measured values 
are 0.250, 0.297, and 0.307. 

The LeChatelier—Shreder equation describing the 
equilibrium between the crystalline phase and melt 
in the system A — A q B r when the substance A q B r 

partially dissociates upon melting, was derived in [1] 
without assuming any hypothetical equilibrium states 
and without the occurrence of any hypothetical ther­
modynamic quantities. To fit both the phase and the 
chemical equilibrium in the system A — A q B r an orig­
inal method for the calculation of the dissociation 
enthalpy, the heat of fusion at dystectic tempera­
ture of fusion, and the degree of dissociation of the 
compound A q B r in the melt was proposed. The ap­
plication of this new method to the systems K F — 
K2M0O4 and K F - K 2 W O 4 , in which the addi­
tive compounds K3FM0O4 and K3FWO4. respec­
tively, are formed, was presented in [2]. In the present 
paper the proposed method was applied to the sys­
tems KF—K3TÍF7 and K C l — K 3 T i F e C l , which 
are subsystems of the binary systems K F — K 2 T i F 6 

and KCl—K2TÍF6, in which the additive compounds 
K3TÍF7 and K 3 TiF 6 C l , respectively, are formed. In 
this particular case q = г = 1. 

The thermodynamic analysis of the systems K F — 

K3TÍF7 and K C l — K 3 T i F e C l , in which the compo­
nents K3TÍF7 and K 3 T i F e C l exhibit dystectic melt­
ing, is based on relations derived in [1]. Similarly as 
in our previous work, all considerations made in this 
work are based on the assumption that in any liquid 
phase of the considered system there is a permanent 
chemical equilibrium in the reaction 

AB <* A + В (A) 

However, in the system there are not three compo­
nents, but according to the Gibbs phase law only two. 
The weighted-in substances A and A B are thus com­
ponents and the present substances at equilibrium, 
A, B, AB, are called constituents. In order to distin­
guish between them the components will be in the 
subsequent text denoted as bold characters, the con­
stituents of the quasi-ternary system as plain ones. 

The equilibrium phase coexistence in the sys­
tem A — A B is described by the special form of 
the LeChatelier—Shreder equation, which can be ex­
pressed at the conditions dp = 0, AfusCp(AB) = 
const., and &а\зСР1(А),+ = 0 and inserting all rear-
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rangements and simplifications described in [2] in the 
form (see eqn (21) in [2]) 

In 
x(AB,T) 

x+ (AB,T) 

= [Afus,exPtf(AB,rfus) - Tfus(AfusCp(AB)+ 

+ &disHiA)<+6{A))]/[RT • Tfus (T - Tfus) - 1 ^ 

AfUsCp (AB) + &disH(A),+ô(A) 

R 

1 

/ d i » т+ 
Tfu.(AB) 

+ COTtot (1) 

The function Ф is then introduced having the form 

rr f u s(AB) x(AB,T) 
T-r f u s (AB) z+(AB,T) ^ ' 

For limiting values of Ф and its derivative the following 
relations, consistent with eqn (1), are then valid 

lim ^ =

A f » s . e x P f f ( A B , r f u s ) = c o n s t 

ÄÍL R 

hm - — = 0 
T _ » T f u . ™ 

(4) 

For the equilibrium mole fractions of individ­
ual constituents the following relations, obtained by 
means of the weighted-in equilibrium mole fraction, 
i w , and the dissociation degree of reaction (А), оцА), 
are valid 

_ {1 - alA)(T))xw i(AB) 

x(A) = 

xwa{A)(T) + l 

1 - ( 1 - а ( л ) ( Т ) ) х , 

x(B) = 

xwa(A)(T) + l 

xwa(A)(T) 

xwa{A)(T) + l 

(5) 

(6) 

(7) 

For the equilibrium constant of reaction (A) we then 
get 

_x(A)-x(B) _x+(A)-x+(B) _ 
KW'* - . ( A m - — , . Í A P I — - А (Л).* .+ x(AB) z + ( A B ) 

(8) 
where ^ ( л ) , х and 1г(л),1,+ are the equilibrium con­
stants in the melt of the composition x w and in the 
molten pure A B , respectively. For ideal solutions eqn 
(8) holds exactly, its use for real solutions requires cor­
rections totally summarized in cor t ot- From eqn (8) it 
follows t h a t а(д) depends on a^i+. However, with 
regard to the relatively narrow temperature interval 
used in the calculation, the temperature dependence 
of A f u s # ( A B ) and AdiS#(>i) was not taken into ac­
count (i.e. Ä f u sCp(AB) = 0, AdisCP)(A),+ = 0). 

Eqn (1) describes quantitatively the relation be­
tween three thermodynamic parameters of A B : &(A),+ 
(Tfu s(AB)), A f u s , e x P # ( A B , r f u s ( A B ) ) , and the liq-
uidus curve of A B . When two of these characteristic 
parameters are known it is possible to use eqn (1) to 
calculate the third one. When all three parameters are 
measured, eqn (1) can be used to prove their thermo­
dynamic consistency. 

R E S U L T S A N D D I S C U S S I O N 

1. S y s t e m K F — K 3 T i F 7 

All three of the above thermodynamic charac­
teristics are known for this system. On the basis 
of the measured dependence of density of melts of 
this system on composition the following values of 
the dissociation degree of K 3 T Í F 7 were calculated: 
a + , i o o o K ( K 3 T i F 7 ) = 0.60, а + д ю о K ( K 3 T Í F 7 ) = 
0.70, a + , i 2 0 0 K ( K 3 T i F 7 ) = 0.79 [3]. Using the 
high-temperature calorimetry, the enthalpy of fu­
sion of K 3 T i F 7 , A f u s , e x p # ( K 3 T i F 7 , r f u s ) = (57 ± 
2) kJ m o l - 1 , was measured in [4]. 

The phase equilibrium in the system K F — K 3 T i F 7 

was examined in [5—7]. The theoretical course of the 
liquidus curves using the hypothetical temperature of 
fusion of the nondissociated K 3 T i F 7 , 1 3 8 2 K, was cal­
culated in [6]. In [7] the experimentally determined 
phase diagram of this system was corrected using the 
regression dependence of A m i xG E x on composition of 
the ternary system K F — K B F 4 — K 2 T i F 6 . 

1.1. Comparison of the Measured and Calculated Liq­
uidus Curve of K 3 T i F 7 

In the calculation according to eqn ( I ) the ideal 
behaviour of the melts was assumed (i.e. cortot = 0). 
Adis-fl^A),* w a s calculated in two ways. 

a) Using the regression function 

]nKlA),+(Ti) = -
Adis-H(A),H 

R Ti 
+ q (9) 

and the dissociation degree &(А),+ taken from [3] 
the value of the dissociation enthalpy AdiS#(A),+,a = 
53 826 J m o l - 1 was obtained. 

In a narrow temperature interval and using eqns 
(9) and (10) the following empirical linear equation 
was derived for OL(A),+ 

а ( А ) г Ь а ( Т г ) = a( A ) > + > a (Tfus(K 3 TiF 7 ))+ 

+ í (A) , a№ - T f u s ( K 3 T i F 7 ) ) (10) 

where a ( A ) i + ( T f u s ( K 3 T i F 7 ) ) = 0.65 and а ( л ) , а = 

0.00118 К " 1 . 
b) Inserting the molar enthalpy of mixing of molten 

K F and K 2 T i F e in the equimolar ratio at 1200 К 
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Fig . 1. Experimentally determined and calculated liquidus 
curve of K 3 T i F 7 in the system K F — K 3 T Í F 7 . 
Calculated according to the procedure given in 1.1.a), 

calculated according to the procedure given in 
1.1.6), О calculated in [6], D calculated in [7], 0 mea­
sured in [6], Л measured in [7]. 

( A m i x # ( x •= 0.5) = -4900 J m o l - 1 [4]) and the dis­
sociation degree #(л),+ [3] into the relation 

0.5(1 - а И ) , + ) Д < и 5 Я ( л ) ) + = 4900 J mol" 1 (11) 

we get for the dissociation enthalpy of K3TÍF7 the 
value Adis#(A),+,b = 46 015 J mol"1. 

Similarly as in paragraph a), for the temperature 
dependence of c*(A)y+ the empirical linear equation 
was derived using eqn (9) 

0(А),+,ь№) = a ( ^ , + ^ ( T f u s ( K 3 T i F 7 ) ) + 

+ W ( r i - r f u s ( K 3 T i F 7 ) ) (12) 

where a M ) , + > b ( T f u s ( K 3 T i F 7 ) ) = 0.67 and 6{A)tb = 
0.000996 К - 1 . The comparison of experimental and 
calculated results is shown in Fig. 1. 

1.2. Calculation of Q(^)<+ Using the Phase Diagram 
of the System K F — K 3 T i F 7 and the Measured 
Enthalpy of Fusion of K 3 T i F 7 

The dissociation degree Q-{A),+ w a s calculated us­
ing eqn (1). The function ф (eqn (2)) was determined 
for three equilibrium values of T» taken from [5—7] 
for sufficiently large temperature difference (Ti - Tfu8). 
With regard to the limiting relations (3) and (4) the 
temperature dependence of #(л),+ w a s neglected. 

The composition dependence of ř for Г ->• 
7fus(K 3TiF 7) was extrapolated using the regression 
function which fulfils the conditions (2) and (3) 

V = A + B(l-xw)
c 

where 

A = 
A f u s , e x p f f ( K 3 T i F 7 ) 

R 

(13) 

(14) 

For the chosen values of OL(A),+J (0-4; 0.5; 0.6) the 
values of A f u s , e x p # j ( K 3 T i F 7 ) , fulfilling eqn (3), con­
sistent with eqn (1), were calculated and from the em­
pirical dependence 

/ ( Д £ и з , е х р Я , ( К 3 Т 1 Г 7 ) , а ( л ) , + , , ) = 0 (15) 

the dissociation degree of K 3 T i F 7 at the temperature 
of fusion was calculated. The results of calculation are 
summarized in Table 1. 

1.3. Calculation of A f u s # ( K 3 T i F 7 , T f u s ) from the 
Phase Diagram of the System K F — K 3 T i F 7 and 
the Measured Value of the Dissociation Degree 

The enthalpy of fusion of K 3 T i F 7 was calcu­
lated from eqn (15) for the known value of а(^) > + . 
The dissociation degree was determined in two ways. 
Using eqn (10) the value a ( j 4),+, a(7fus(K 3TiF 7)) = 
0.65 was obtained, while using eqn (12) its value is 
a(A),+,b(7fus(K3TiF7)) = 0.67. The results of the en­
thalpy of fusion calculation are summarized in Table 2. 

2. Sys tem K C l — K 3 T i F 6 C l 

In [3] the dissociation degree of K 3 T i F 6 C l was cal­
culated from the dependence of density on composi­
tion of melts of this system (а+дооо K ( K 3 T Í F 6 C 1 ) = 
0.71, а+дюо K ( K 3 T Í F 6 C 1 ) = 0.81, а+,1200 к ( К 3 -
T i F e C l ) = 0.88) and in [9] the enthalpy of fusion of 
K 3 T i F 6 C l was measured using the high-temperature 

T a b l e 1. Dissociation Degree of K 3 T Í F 7 

aM).+(Afus,exptf(K3TiF7)) [8] 

0(A),+ (55 kJ m o l - 1 ) 

Q(.4),+ (57 kJ m o l - 1 ) 

Q(.4),+ (59 kJ m o l - 1 ) 

at the Temperature of Fusion Calculated according to Different Phase Diagrams 

Phase diagram from [7] 

0.420 

O.4O4 

0.390 

Phase diagram from [6] 

0.74s 

0.720 

0.694 
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T a b l e 2. Enthalpy of Fusion of K 3 T Í F 7 Obtained by Different 
Procedures 

Procedure 

Calorimetry [4] 
From eqn (10) 
From eqn (12) 

A f a , t f ( K s T i F T , T f t l , ) 

J m o l " 1 

57 000 ± 2000 
62 446 
60 623 

T a b l e 3 . Composition of the Eutectic Point in the System 
K C l — K 3 T i F e C l Calculated Using Different Values 
of the Enthalpy of Fusion of K 3 T i F e C l 

Afa . t f iKsTiFeCl .Tfa .) 

J m o l " 1 

39 000 
42 000 
45 000 

Ref. 

[9] 
[9] 
[9] 

x e u t ( K 2 T i F e ) 

0.320 
0.314 
0.307 

T a b l e 4. In the Literature Published Coordinates of the Eu­
tectic Point in the System K C l — K 3 T i F e C l 

Ref. Method Z e u t ( K 2 T i F e ) Teut/K 

[12] 
[10] 

Experiment 
Calculation 

Exp. + calc. 

0.307 
0.297 

0.250, 0.283 

925 
927 

925, 925 

The measured liquidus curve of K 3 T i F 6 C l in the 
phase diagram of this system shows relatively great 
differences. For instance, the eutectic point is referred 
to be in the range x ( K 2 T i F 6 ) = (0.25 [6], 0.31 [12]). 
The main goal of this work is to determine the most 
probable course of the liquidus curve of K 3 T i F e C l 
and the most probable coordinates of the eutectic 
point. 

In the calculation according to eqn (1) the ideal 
behaviour of the melts (i.e. cortot = 0) was as­
sumed. Similarly as in paragraph 1.1.a), the values 
Adis#(A) = 60 602 J mol" 1 and S{A) = 0.0015 K" 1 

were obtained on the basis of data taken from [3]. 
Inserting the lowest eutectic temperature (925 К 

[6, 10, 12]) and the different calorimetrically deter­
mined enthalpy of fusion of K 3 T i F e C l into eqn (1) 
the composition of the eutectic point was calculated. 
The results are summarized in Table 3. In the liter­
ature published coordinates of the eutectic point are 
summarized in Table 4. 

According to the above thermodynamic analysis it 
can be stated that thermodynamically consistent are 
the measured enthalpy of fusion of K 3 T i F 6 C l and the 
coordinates of the eutectic point measured in [12]. 

Inserting the value Af U S > e xp#(K 3 TiF 6 Cl) = 45 000 
J m o l - 1 and different mole fractions of K 2 T i F 6 near 
the eutectic point into eqn (1) the temperatures of 
primary crystallization of K 3 T i F 6 C l were calculated. 
The results are summarized in Table 5. 

Acknowledgements. The present work was financially sup­
ported by the Scientific Grant Agency of the Ministry of Educa­
tion of the Slovak Republic and the Slovak Academy of Sciences 
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calorimetry (AfU S iexP#(K3TiF6Cl,TfUs) = (42 ± 
3) kJ mol" 1 ) . 

The phase equilibrium in this system was studied 
in [5, 6, 10—12]. In [6] the theoretical course of the 
liquidus curve of K 3 T i F e C l in this system was cal­
culated using the hypothetical temperature of melt­
ing of the nondissociated compound, 1453 K. In [10] 
the phase diagram of the system K C l — K 2 T i F 6 was 
further corrected using the regression dependence of 
AmixGEx on composition of the ternary system K C l — 
K B F 4 — K 2 T i F e . 

S Y M B O L S 

A, B, A B components of the binary systems 

A, B, AB constituents, i.e. the "components" of the 

quasi-ternary system 

x w weighted-in mole fraction of A B in the 

system A — A B 

x (AB, T) equüibrium mole fraction of AB in the 

mixture at temperature T 

Tfus (AB) temperature of fusion of A B 

Table 5. Temperatures of Primary Crystallization 
Eutectic Point 

Seut (K 2 TiFe) 

0.482 
0.420 
0.318 

Ti (eqn ( I ) ) /K 

968.7 
962.2 
930.5 

of K 3 T i F e C l Calculated for Diflferent Mole Fractions of K 2 T i F 6 near the 

Ti (exp. [10])/K 

970 
960 
955 

Ti (calc. [10])/K 

968.8 
962.2 
935.1 
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Afus,exp^(AB,rfu8) experimentally determined en­
thalpy of fusion of A B at its temperature 
of fusion 

Adis#(A),+ dissociation enthalpy of reaction (A) in 

pure A B 

AfusCp (AB, T) change in the molar heat capacity of 

fusion of AB at temperature T 

Д<К8Ср,(Л),+ change in the molar heat capacity at re­

action (A) in pure A B 

<*(A)t+ (Г) dissociation degree of AB in reaction (A) 

at temperature T 

K(A),x(T) equilibrium constant of reaction (A) re­
lated to mole fractions in the mixture at 
temperature T 

coTtot total correction factor in the LeChatelier 

—Shreder equation 

S coefficient in the linear temperature de­

pendence of dissociation degree 
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