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The mechanism of the dissolution of Li2Ti03, Na2Ti03, and K2Ti03 in molten alkali fluorides, 
NaF and KF, and the ionic structure of created molten mixtures were determined using the 
cryoscopic method. The composition region of alkali titanates varied from 0 to 3 mole %. It was 
found that in the given composition region alkali metal titanates electrolytically dissociate accord
ing to the scheme M2Ti03 н 2 М + + TiOf". The created molten mixture contains alkali metal 
cations and both fluoride and TiOf" anions. 

The molten mixtures of alkali metal fluorides con
taining alkali metal titanates and boron oxide ap
pear to be the perspective electrolytes for electro
chemical synthesis of titanium diboride. An identifi
cation of the ionic structure of the electrolyte is a 
precondition of the successful determination of the 
mechanism of the electrode processes taking place 
at the electrodes during electrolysis. 

Cryoscopy is considered as an indirect method for 
investigation of the ionic structure of molten salts 
[1, 2]. From an analysis of the liquidus curves in a 
simple binary system (A—B) it follows that the melt
ing point depression oHhe component A affected 
by an addition of the component В can be expressed 
by the equation 

AT(A) = К*рх(В)/г* (7) 
where 

Ktdp = R{7(fus, A)}2/AH(fus, A) (2) 

where AT(A) is the melting point depressionof sub
stance A, lC6p is the thermic depression constant, 
x(B) is the mole fraction of substance B, rrx is the 
Stortenbeker factor for component В [3], Я is the 
gas constant and AH(fus, A) is the enthalpy of 
melting of substance A at melting temperature. 

In this type of solutions [4, 5], the Stortenbeker 
factor is numerically equal to the number of new 
particles which are introduced to the substance A 
by one molecule of substance B. Eqn (7) is a limit
ing relation which is valid exactly only for x(B) -> 0. 
The limit of the differentiation of eqn (7) according 
to x(B) for x(B) -> 0 is given by a tangent (k°) of the 
liquidus curve for an infinitely diluted solution 

lim — = К**к* = k° (3) 

On the basis of the known value lr{ the mecha
nism of dissolution of alkali metal titanates in mol
ten alkali metal fluorides and the ionic structure of 
the originated solutions can be determined. 

The literature review shows that the following 
phase diagrams of the reciprocal systems Na+, K+1| 
F", TiOf- [6], Lľ, K+ || F, TiOf- [7], and Lľ, Na+ jj 
F", TiOf" [8] were studied. It follows from the pub
lished results that the cryoscopic measurements can 
be realized in the systems based on NaF and KF. 
In the systems based on LiF the minimum addition 
of Na2Ti03 and K2Ti03 causes the precipitation of 
Li2Ti03 which is insoluble in molten lithium fluoride. 

In the presented work cryoscopy and thermody
namic analysis were used to determine the mecha
nism of dissolution of alkali metal titanates in mol
ten alkali metal fluorides and ionic structure of cre
ated melts. 

EXPERIMENTAL 

For the sample preparation (total amount 20 g) 
the following chemicals were used: LiF, NaF, and 
KF (anal, grade, Lachema, Brno). Alkali metal 
titanates were prepared at the laboratory [9] using 
Li2C03, Na2C03, and K2C03 (anal, grade, Lachema, 
Brno) and Ti0 2 (anal, grade, Fluka). 

A homogenized sample was melted in a platinum 
crucible placed in a resistance furnace. The tem
perature was measured using a Pt/Pt1 ORh thermo
couple. The cooling curves were recorded by means 
of data aquisition computer system. The applied 
scheme made it possible to measure the tempera
ture differences with the relative accuracy ± 0.3 K. 
The cooling rate of the sample did not exceed 1 К 
min"1. 
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RESULTS 

In Figs. 1—6 the experimentally determined 
dependences of temperatures of primary crystalli

na 0.01 0.02 0.03 

х(К2ТЮ3) 

Fig. 1. Melting point and temperature of primary crystallization 
in the system KF—K2Ti03. Experimental liquidus 
curve; tangent of the experimental liquidus curve 
in x(K2Ti03) = 0; theoretical liquidus curves cal
culated according to eqn (1) using different values of 
/с5' (1, 2, and 3). 

x(Na2Ti03) 

Fig. 2. Melting point and temperature of primary crystallization 
in the system KF—Na2Ti03. Experimental liquidus 
curve; tangent of the experimental liquidus curve 
in x(Na2Ti03) = 0; theoretical liquidus curves cal
culated according to eqn (7) using different values of 
/f5' (1, 2, and 3). 

zation of alkali metal fluorides on mole fraction of 
alkali metal titanates in the proximity of the melting 
point of the solvent are compared with the liquidus 
curves calculated according to eqn (7) on the basis 
of published thermodynamic data [10, 11] for differ
ent values of 1ГХ. Also, tangents of the experimental 
liquidus curves in the melting point of the pure sol
vent are drawn in the figures. The values of the 
Stortenbeker factor calculated from the tangents are 

KF 0.01 0.02 0.03 

x(Li2Ti03) 

Fig. 3. Melting point and temperature of primary crystallization 
in the system KF—Li2Ti03. Experimental liquidus 
curve; tangent of the experimental liquidus curve 
in x(Li2Ti03) = 0; theoretical liquidus curves cal
culated according to eqn (1) using different values of 
/r51 (1, 2, and 3). 

NaF 0.01 0.02 0.03 

x(K2TI03) 

Fig. 4. Melting point and temperature of primary crystallization 
in the system NaF—K2Ti03. Experimental liquidus 
curve; tangent of the experimental liquidus curve 
in x(K2Ti03) = 0; theoretical liquidus curves cal
culated according to eqn (7) using different values of 
/c s t (1, 2, and3). 

in Table 1. It can be seen from the figures and 
Table 1 that the values of /cst approach 3 for sys
tems with different cations and 1 for systems with 
common cation, respectively. 

Table 1. Values of Stortenbeker Factor ksx Calculated from 
Eqn (3) 

Solvent 

NaF 
KF 

Li2Ti03 

3.04 
2.91 

/cs' 

Na2Ti03 

0.96 
2.83 

K2Ti03 

3.01 
1.09 
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NaF 0.01 0.02 0.03 

x(Na2Ti03) 

Fig. 5. Melting point and temperature of primary crystallization 
in the system NaF—Na2Ti03. Experimental liquidus 
curve; tangent of the experimental liquidus curve 
in x(Na2Ti03) = 0; theoretical liquidus curves cal
culated according to eqn (7) using different values of 
/f3' (1, 2, and 3). 

NaF 0.01 0.02 0.03 

xlLUTiOJ 

Fig. 6. Melting point and temperature of primary crystallization 
in the system NaF—Li2Ti03. Experimental liquidus 
curve; tangent of the experimental liquidus curve 
in x(Li2Ti03) = 0; theoretical liquidus curves cal
culated according to eqn (1) using different values of 
/r5' (1, 2, and 3). 

DISCUSSION 

On the basis of the experimental results the fol
lowing mechanism of dissolution has been proposed. 
Alkali metal titanates electrochemically dissociate 
according to the scheme 

M2Ti03 <-> 2lvT + TiOf- (A) 

Moreover, in reciprocal systems alkali metal titanates 
can undertake exchange chemical reaction with the 
solvent 

2M1F + M22Ti03

 a ) 2M2F + M12Ti03 (S) 

where a is a degree of conversion. 
It follows from an analysis of the above reaction 

schemes for individual systems that the number of 
new particles created in the melt by introducing one 
molecule of alkali metal titanate is 1 for systems 
with common cation and 3 for reciprocal systems. 
This is in good agreement with the experimental 
results (Table 1). The proposed mechanism of dis
solution also explains both the dissolution of Li2Ti03 

in NaF and KF and the precipitation of Li2Ti03 from 
the systems containing LiF as a solvent. The expla
nation is based on the comparison of theoretical 
(«theor) and experimental (aexp) values of the degree 
of conversion. The calculations were performed for 
the temperature 1300 K. 

The equilibrium constants of the reaction (S) for 
individual systems were calculated using the equa
tion 

- ArG° = RT In К (4) 

The values of ArG° were calculated on the basis of 
published thermodynamic data [10, 11]. 

The calculation of цИвоГ was based on some sim
plifying assumptions. In all cases the mole fraction 
of alkali metal titanates in melts is much smaller than 
1, so their activities can be considered to be iden
tical with the concentrations and the activities of alkali 
metal fluorides can be considered to be 1. With 
regard to the above conditions the relation for the 
calculation of equilibrium constant К of the exchange 
reaction (S) can be expressed as 

K =

 XM2FXM12TO3 /gx 

XM22Ti03 

The composition of the original mixture of alkali 
metal titanate and alkali metal fluoride can be ex
pressed as a sum of their mole fractions, y(M22Ti03) 
+ (1 - y)(M1F). If the mole fractions in eqn (5) are 
expressed by the degree of conversion a and by 
the mole fraction of alkali metal titanate in the origi
nal mixture, one obtains the relation for calculation 
of the equilibrium constant of the exchange reaction 
(S) in the form 

K = y— (6) 
1-a 

The calculation of с^Ьв0Г was carried out by the it
erative way. The different values of a were gradu
ally introduced into eqn (6) for the given system and 
for the given content of alkali metal titanate and the 
calculated value of the equilibrium constant К was 
compared with the value obtained from eqn (4). 

The experimental values of the degree of conver
sion ofexp of individual systems were determined on 
the basis of the difference between the melting point 
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of alkali metal fluoride and the temperature of pri
mary crystallization of the tested melts. The relation 
for the calculation of aexp can be obtained from eqn 
(1) under the following boundary conditions 

for a = 0 /r3* = 1 
A7= Ktdpx 1 = A^ (7) 

for a - 1 Л* - 3 
AT = К*р x 3 = AT3 (8) 

for a G <0,1> lrx = 1 + 2a e x p 

AT=K t d p x(1 +2a e x p ) (9) 

The experimental value of the degree of conversion 
is obtained by the combination of eqns (7—9) 

^ G X p — 

AT- AT, 

AT3-AT, 
(10) 

where AT is the difference between the melting point 
of alkali metal fluoride and the temperature of pri
mary crystallization of the tested melt. 

The results of calculation of aexp are presented in 
Table 2. The results show that during the dissolu
tion of lithium titanate in both NaF and KF the ex-

Table 2. 

System 

KF 
+ 

Li2Ti03 

NaF 
+ 

Li2Ti03 

LiF 
+ 

K2Ti03 

LiF 
+ 

Na2Ti03 

Theoretical and Experimental Values of the Degree 
of Conversion of the Exchange Chemical 
(fl) in 

77K 

1300 

1300 

1300 

1300 

Reaction 
Reciprocal Systems Containing Lithium 

ArG° 
К 

kJ mol"1 

-116.5 126.4 x 103 

- 2 . 9 1.3 

116.5 7.9 x 10"6 

2.9 0.764 

У 

0.01 
0.02 
0.03 
0.01 
0.02 
0.03 
0.01 
0.02 
0.03 
0.01 
0.02 
0.03 

«theor 

0.999 
0.999 
0.999 
0.999 
0.999 
0.999 
0.244 
0.157 
0.121 
0.999 
0.999 
0.999 

«exp 

0.958 
0.953 
0.952 
0.995 
0.939 
0.807 

-
-
-
-
-
-

change chemical reaction (S) takes place followed 
by the dissociation reaction (A). In both cases the 
reaction (S) runs quantitatively, which is confirmed 
by the thermodynamic analysis (с^Ьеог = 1, Table 2) 
and by the fact that in the tested composition re
gion Li2Ti03 completely dissolves. 

The precipitation of lithium titanate in melts based 
on LiF is caused by the opposite order of the reac
tions (A) and (S). After the dissociation of Na2Ti03 

and/or K2Ti03 the created TiOf" anion reacts with 
lithium cation present in the melt under the creation 
of insoluble lithium titanate. In the system LiF— 
Na2Ti03 the reaction (Б) runs quantitatively (ae x p = 
I , Table 2). On the other hand, in the system con
taining K2Ti03 the equilibrium of the exchange re
action (S) is created. In this case the melt con
tains, except lithium fluoride, dissociated potassium 
titanate the amount of which is determined by the 
degree of conversion (ae x p = 0.12—0.25, Table 2). 
In both LiF—Na2Ti03 and LiF—К2ТЮ3 molten mix
tures the precipitate of Li2Ti03 was proved by X-
ray analysis and by the visual observation as well. 

CONCLUSION 

It can be concluded on the basis of the presented 
experimental and thermodynamic analysis results 
that the mechanism of dissolution of alkali metal 
titanates in alkali metal fluorides is an electrolytic 
dissociation according to eqn (A). In reciprocal sys
tems the exchange chemical reaction (S) is respon
sible for dissolution of lithium titanate in sodium and 
potassium fluoride and for the precipitation of lithium 
titanate from molten mixtures based on LiF as well. 
The important result of this work is the fact that 
titanate anion, TiOf", does not react with basic fluo
ride melt under the formation of oxide-fluoride com
plexes of titanium. 

REFERENCES 

1. Daněk, V., Fellner, P., and Matiašovský, К., Z. Phys. Chem. 
(Frankfurt) 94, 1 (1975). 

2. Daněk, V., Votava, I., and Matiašovský, K., Chem. Zvesti 
30, 377 (1976). 

3. Stortenbeker, W., Z. Phys. Chem. 10, 183 (1892). 
4. Forland, Т., in Fused Salts (Sundheim, B. R., Editor.) Pp. 

63-107. McGraw-Hill, New York, 1964. 
5. Malinovský, M.f Roušar, I. eř a/., Teoretické základy pochodů 

anorganické technologie I. (Theoretical Principles of Pro
cesses in Inorganic Technology I.) Nakladatelství technické 
literatury (Publishers of Technical Literature), Prague, 1987. 

6. Sholokhovich, M. L, Zh. Obshch. Khim. 25, 1900 (1955). 
7. Belyaev, I. N. and Sigida, N. P., Zh. Neorg. Khim. 2, 1120 

(1957). 
8. Sigida, N. P. and Belyaev, I. N., Zh. Neorg. Khim. 2, 1128 

(1957). 
9. Smutná, L., Daněk, V., and Matiašovský, К., Silikáty 34, 

49 (1989). 
10. Barin, I. and Knacke, O., Thermochemical Properties of In

organic Substances. Springer-Verlag, Berlin, 1973. 
I I . Glushko, V. P. and Medvedeva, V. A., Termicheskie 

konstanty veshchestv, Vypusk X. VINITI, Moscow, 1981. 

Translated by M. Makyta 

224 Chem. Papers 47 (4) 221-224 (1993) 


