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Calculation of The Activity Coefficients of
Lanthanum Chloride in LiCI-KCl eutectic Salt

From the Nemst eguation

RT Ln XLa3+' Y La

E= E"+
nF X1a® ¥ La

(1)

. The values Of X1a,y 12, X2 and n are 1,1,1 and
3 respectively. Thus, equation (1) becomes:

3F(Exa —E) )
RT

Ln y La3+=

where E °is the standard €l ectrode potential
(E°=AG:°/nF)

A G isthe calculated standard free energy of
formation of the supercooled liquid LaCl3
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Activity coefficients for rare earth chlorides
in LiCI-KCl eutectic salt at 450 C

. : Activity
Element AGiSelg coefficient
kcal/mol *
Y
La 209.3 4.7 X10-°
Ce 205.1 1.5 X10-°
Pr 206.0 3.3 X10-°
Nd 203.1 1.8 x10 7~
Gd 197.0 7.8 x10~
v 196.3 6.3 x10°

* L.B .Pankratz," Thermodynamic Properties of Halides,”
Bulletin 674, US Bureau of Mines (1984).
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Calculation of The Activity Coefficients of
Lanthanum Metal in Cadmium

The potential of La electrode is given by :

o RT Xia® vyt
ELa—ELa‘}'—ﬁ?Ln XLa° ¥ La

(1)

Similarly, the potential Of La - Cd electrode is given by :

o . RT Xia' " y L
Erainca=Era + T E Ln

(2)

XlainCd * ¥ LainCd

From equations (1) and (2), the activity coefficient of
La metal in cadmium is given by:

exp(3F- AE / RT)
Xrain Cd

¥ Lain Cd =

(3)

where AE=FE1. — E1aincd
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Activity coefficients for rare earth metals
in cadmium at 450 “C

Solubility | Evaluated Activity
Element | limit * concentration | coefficient
a. % a. % y

La 9,3 X10-2 7.7 X10-2 | 4 XIO-*

Ce | 1.8x10" | 1.6x10* | 5x107"°

Pr 3.0 X10-1 1.4 X10-1 2 X10-9

Nd | 51X10-1 | 2.4x10' | 6x10°

Gd |85x10" | 20x107 | 3x108

Y NA 2.5x10" | 3 X10-

* R. D. Elliott,’’ Constitution of Binary Alloys,
First Supplement,”” McGraw-Hill Inc.(1985)
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Calculation of distribution coefficients of RE e ements
In the reductive extraction process

Reaction for the reductive extraction Is ;
RECI;+ 3 Liwcs = REinc + 3 LiCl

Equilibrium constant of the reaction is given by :
Ko = Exp(- AG°/RT)

X rEina (XL1+)3 }/REinCd ‘(7Li+)3

= : 1
X" Kuiica)’ RE T (Y Liinca ) (1)

The distribution coefficients are defined as :
DRE = X REinCd / X get and
Dy - Xuinw /XL:’

Equation (1) can be rearranged as :

log Dez =3 logDy; +log Ko
+Iog[ ,RE3+'(yL”Cd)3J (2)

Yeina (7Li+)3
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Log(D M)

fecalc(450°C

_qcalc (450°C

Y calc(450°C)

-4.6 -4.2 -3.8 -3. 4 -3 -2.6 -2.2

Log(D Li)
La 0 Ce A Y

3
Relationships Between Log D, and Log D, for La, Ce and Y

( The measured activity coefficients are employed in the calculation)



