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1. INTRODUCTION 

Cation mobility in molten salts has been determined with different techniques and published 
in many papers. They mostly deal with binary (Mt,M2)X systems, where Ml and M2 are 
monovalent cations and X is a common anion. The data on binary monovalent systems have 
been reviewed and sunmmfised by Cherala and Okada [I]. There are. also many papers on 
binary (MbM2cv2))X systems, where Mt is a monovalent, M2 a d i v a ~ t  cation and X a 
common anion. Investigations performed on these systems have been reviewed by Klemm 
[2]. Recently, measurements of cationic mobilities in systems with trivalent cations have been 
performed. With countercurrent electromigration method (Klemm's method) [3,4] enrichment 
of anode space with La 3+ [5], Gd 3+ [6], U 3+ and Nd 3+ [7] has been demonstrated. Enrichment 
was observed during electrolysis of diluted chloride melts of these metals. Relative difference 
of cations internal mobilities (ere) was also detennin~ in these melts. Investigations were 
stimulated by the concept of  spent reactor fuel recycling by electrolysis of molten salts [8]. 
Only few binary mixtures with trivalent cations have been investigated in the whole range of 
compositions. These are YCI3 - LaCI3, YCI3 - DyC13 [9] and KC1 - DyCI3 [10]. Internal 
cation mobilities were determined for these systems with countercurrent electroraigration 
method. © 1999 Elsevier Science B.V. All rights reserved. 

2. EXPERIMENTAL 

2.1. Synthesis of LaCI3 and preparation of KCI [11] 
Lanthanum (III) chloride was prepared by dehydration of  LaClyxH20 forms with 

ammonium chloride under vacuum. Commercial LaCIyTH20 [REACHIM, Russia] or 
laboratory lanthanum hydroxide was dissolved in diluted HCI then ammonium chloride 
[PPOCH Gliwice, Poland] in molar ratio of 1:4 with respect to lanthanum was added to the 
solution. Solution was filtered and slowly evaporated. Semi-dry product was placed in a 
quartz ampoule and gradually heated under vacuum. Sublimation of NH4CI proceeded and 
ammonium chloride condensed in the cool part of the ampoule. Anhydrous LaCl3 was melted 
in the same ampoule in order to remove traces of NH4CI. Ampoule with compound was 
opened in a dry-box under argon; lanthanum chloride was granulated and stored in scaled 
glass ampoules. 

Potassium chloride [PPOCH Gliwice, Poland] was prepared by melting the salt under gaseous 
HC1. Traces of the gas were removed from the melt with argon. Melted KC1 was also 
granulated in a dry-box under argon and stored in sealed glass ampoules. 
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2.2. Migration cell 
Design of  the migration cell was shnilar to that described in literature [5, 7, 12, 13,]. It 

consisted of  two parts - anodic and cathodic - connected with two bypasses. Lower one, filled 
with quartz wool, enabled electric contact and ion/c flow between the two parts of the cell. 
Upper bypass was designed for connection of gas spaces of  the cell, equilibration of  gas 
pressures, chloride and argon flow. In cathodic part, a typical arrangement consisting molten 
PbCI2 and solid graphite cathode was replaced with molten mixture of  KCI and 22 reel. % of  
LaCl3. Cathode - a graphite rod (with diameter of  10 ram) had a channel inside for chlorine 
gas. Composition of  the salt was chosen to minimlse ~ i o n  flow between cell 
compartments due to concentration gradient of  cations. Anodic part of  the cell was filled with 
investigated KCI - LaCI3 melt. A typical migration tube immersed in the melt was slightly 
modified: a small, perforated quartz ring was placed on quartz wool at the top of the tube. 
Graphite anode was rested on the ring what enabled free evolution of chlorine without 
frequent loosing of contact between anode and the melt (bubbles of  the gas at the anode point 
in the quartz wool). The cell was the main part of  measuring arrangement, which has been 
constructed in a similar way as it was described in [7]. 

2.3. Experimental procedure 
Before the beginning of the first experiment the cell temperature was stabilised at 

1023 K and the cell was flushed with argon. Then weighted amounts of  KC1 were melted in 
both parts of  the cell and appropriate amounts of LaCI3 were introduced. Melts were 
homogenised by bubbling with purified argon for I0 minutes. A special care was taken to 
keep melts in both parts of the cell at the same level. Then a chlorine electrode (cathode) and 
migration tube (previously heated to the same temperature as the cell) were introduced to the 
cell. The cell was equilibrated for the next 12 hours under flow of argon. During that time the 
salt penetrated migration tube and electric circuit was established. Then chlorine flow was 
opened and electrolysis was started. At the end of  experiment migration tube was taken out of 
the melt and the salt in the tube solidified in several seconds. Then the tube was cut into 12 
pieces of  a similar length. The salt from each piece was dissolved in water, slightly acidified 
with HCI. Concentration of potassium was determined with ASA and lanthanum with ICP 
methods. Finally, relation between the concentration of each metal and the piece number was 
determined which, after recalculation to distance from anode, was defined as "concentration 
profile". 

2.4. Composition of KCI- LaCI3 melt 
Composition of investigated KC1 - LaCI3 melt was changed from 15 to 56 mol. % of 

LaCl3 in five steps (Table 1). Appropriate amounts of the melt were removed from the cell 
after measurements at a given composition and necessary amount of LaC13 was introduced to 
the cell. The melt was homogenised and the salt level was controlled by immersion of 
graphite rod to registering electric contact. Precise composition of the melt was determined by 
its chemical analysis before the next change. 
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3. RESULTS AND DISCUSSION 

Electromigration measurements have been performed for five compositions of KC1 - LaC13 
melt in the range fi'om 0,346 to 0,792 equivalemfractions of LaCI3 (Table 1). Measurements 
were carried out at 1023, 1073 and 1123 IC Characteristic parameters of measurements, 
values of ~ and the internal mobility of cations (b~ and bu) are presented in Table 1. The 
temperature range of experiments and the composition of salt melts were correlated with 
phase diagram of the KC1 - LaCl3 system given by H. J. Seifert et al. [14]. Details of 
migration model and ori#n~ of basic migration equations are briefly summarised in paper 
[10]. Parameter ¢ is defined as: 

~ =  ~ ' lb ,  + :tTJLt J-t77,JJ (1) 

where: 
bi and be - internal mobility of cations 1 and 2 (K and La, respectively), 
Yl and Y2 - equivalent fractions of cations 1 and 2 (K and La) before migration 

process, 
Z -- Q/F - Q-electric charge, F- Faraday's constant, 
Zi and Z2 - numbers of equivalents of cations I and 2 in the melt aRer migration 

process between anode and the cross-section of migration tube where 
original equivalent fractions Yl and Y2 were unchanged. 

Values of bi and b2 have been calculated fi~m electrical conductivity ~: [15], equivalent 
volume Vc [15] of the salt mixture and c: 

~Ve 

b ( K V e ~  
2 = t--F--) (1 - ¢ yl) (3) 

General tendency is that values of ~ parameter decrease with the increase of lanthanum 
chloride equivalent fraction. Isotherms of internal mobility of K and La cations (bK and bLa) 
have been calculated with equation (2) and (3). Values of specific electrical conductivity and 
equivalent molar volumes are taken from literature [15]. It has been found that calculated 
values of mobility o fK  + and La 3+ ions at 1023 K differ from the ones at I073' K and 1123 K 
and seem not to depend on equivalent molar fraction of lanthanum chloride - Figure 1. 
Mobility of La 3÷ is constant in investigated composition range and mobility of K + only 
slightly decreases with increase of LaC13 equivalent molar fraction. At 1073 K (Figure 2) as 
well as at 1123 K (Figure 3) mobility ofLa 3+ and K ÷ depends on equivalent molar fraction of 
lanthanum chloride. 
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Table I. 
Characteristic parameters of experiments, s and internal mobility of cations in molten binary 
system KCI - LaCI3. 

T xta (YLa) Q s tc Va (Ve) ") bLa bg 
[K] [El • [Sin "1] [10~Sm3mol q] [104m2V'ls q] 
1023 0 

0,15 
(0,346) 

0,19 
(0,413) 

0,29 
(0,551) 

0,42 
(0,685) 

0,56 
(0,792) 

191,800 45,240 8,99 
53,163 

540 0,664 93 ,141  (40,895) 2,23 4,85 

54,935 3,4i 3,77 182 0,102 87 ,789  (39,808) 

744 0,424 8 9 , 4 2 0  58,802 (37,217) 2,79 4,25 

62,740 2,03 6,57 756 1,314 9 7 , 9 0 4  (34,098) 

65,786 2,96 3,70 482 0,236 96 ,841  (31,031) 

69,227 2,12 
88,800 (23,076) 

202,100 45,325 9,49 
53,289 

547 1,247 102,501 (40,992) 0,80 6,23 

55,072 3,88 4,13 368 0,062 97 ,433  (39,908) 

58,968 
580 i,196 100,033 (37,321) 1,79 6,42 

62,943 2,30 7,33 726 1,295 109,578 (34,208) 

66,028 
150 0,477 108,972 (31,145) 3,17 4,85 

69,580 
101,I00 (23,193) 2,43 

212,000 47,082 10,30 
55,188 0,67 7,19 549 1,320 112,153 (42,452) 

56,989 
891 1,012 107,465 (41,297) 1,87 6,52 

60,898 
495 1,070 111,186 (38,543) 2,31 7,06 

667 0,960 121,886 .64,835 (35,236) 3,11 7,38 
67,823 

585 0,396 121,774 (31,992) 3,71 5,30 

70,845 
113,000 (23,615) 2,77 

1073 0 
0,15 

(0,346) 
0,19 

(0,413) 
0,29 

(o,551) 
0,42 

(0,685) 
0,56 

(0,792) 

1123 0 
0,15 

(0,346) 
0,19 

(0,413) 
0,29 

(0,551) 
0,42 

(0,685) 
0,56 

(0,792) 

") Values in parentheses are equivalent volumes in 10 "~ m 3 eq. "l 
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Figure 1. Isotherms o f  K + and La y" mobilities at 1023 K. o - K + (line 1), ~ - La ~+ (line 2). 
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Figure 2. Isotherms of K +, La 3+ and Dy 3÷ [I0] mobilities at 1073 K (1093 K for Dy3~). O - K + 

[10], * - K + (this work), 0 - Dy ~+ [10], I - La ~+ (this work). 
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Figure 3. Isotherms of K +, La 3+ and Dy ~ [10] mobilities at 1123 K (1093 K for D3?+). O - K ÷ 

[10], • - K + (this work), ~ - Dy 3+ [10], I - La 3+ (this work). 

Binary system KC1 - DyC13 was the first one of  the (Mt,M2w3))X type [where Mi - 
monovalent cation, M2 - trivalent cation, X - common anion] for which cations mobility was 
investigated at higher contents of trivalent cation [10]. These investigations were carded out 
only at the temperature of 1093 K. Their results have been shown in Figure 2 and Figure 3 
together with results of  present investigations (please note that they were carried out at 
different teraperatures). As it was expected, there is strong similarity between both systems. 
Differences seem to be in the first place the result of  different literature sources which were 
chosen for electrical conductivity and density data (please note the references and values of 
bK at yLa=0). Therefore, it seems that the difference of mobility values in KCl - LaCI3 and 
KC1 - DyC13 systems due to different ionic radii of  La 3+ (0,106 nm) and Dy 3+ (0,091nm) is 
negligible in comparison to experimental errors and differences between reference values of  
electrical conductivity and density. 

4. CONCLUSIONS 

Countercurrent migration experiments have been carried out for KCI - LaCI3 system at 
1023, 1073 and 1123 K. Determined values of  mobility of  K ÷ and La 3+ cations at 1073 and 
1123 K are very similar to those reported in literature for KCl - DyCI3 system at 1093 K [I0]. 
Mobility of  K + and La 3+ at 1023 K is almost independent from temperature in investigated 
range of  compositions. At 1073 and 1123 K mobility of  K + is distinctly higher and decreases 
whereas La 3+ mobility increases with increase of  LaCI3 equivalent fraction. 
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