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1. Introduction

Pyroprocess is currently being developed around the
world, Korea is actively studied of the many countries.
It has been known that the Pyroprocess has advantage of
radioactive, toxic and volume reduction. [1-2]
Pyroprocessing technology aims to achieve a grouped
and efficiently separation of all actinide for recycling
with a sufficient decontamination of fission products
generating the minimum. [3] The main steps of the
pyroprocess is electrowinning process, where the
remaining elements in a molten salt after
electrorifinning process. That process is U, MAs are
concurrently recovered at the liquid metal. [4-6]
Recently, a study of the liquid metal and molten salt
using an electrochemical is carried out in a variety of
fields.[7-11] However, there is deficient information
about the electrode reaction of lanthanide and actinide
on the liquid bismuth metal electrodes.

In this paper, the electrochemical behavior of La(IlI),
with liquid bismuth was investigated by the
electrochemical method. The aim of this study is to
investigate the electrochemical behavior of lanthanum
or neodymium among lanthanides in molten LiCIl-KCI
salt at liquid metal bismuth electrode cyclic
voltammetry and derive the thermochemical properties.

2. Experimental

An electrochemical cell was prepared with a one-end
closed quartz tube (OD: 13 mm, ID: 10 mm), in which
high purity LiCI-KCl eute ctic salt (Sigma-Aldrich,
99.99%) containing 1 wt% high purity LaCl; (Sigma-
Aldrich, 99.99%) and 1 wt% high purity PrCl; (Alfa
aesar, 99.99%) was placed. And Liquid metal such as Bi
(Sigma-Adrich, 99%) was placed in the bottom of the
quartz tube and was electrically connected with a W
wire (Alfa-Aesar, 99%, OD: 1 mm) that was shielded
with Pyrex tube. A W wire (Alfa-Aesar, 99%, OD:
Imm) was used as a working electrode. The reference
electrode was consisted of an one-end closed Pyrex tube,
in which LiCI-KCl eutectic salt containing 1wt% AgCl
was placed and a silver wire (Alfa-Aesar, 99%, OD: 1
mm) was immersed in the salt. All electrochemical
measurements were performed using a Solatron 1470E
Cell Test System where techniques of cyclic
voltammetry (CV) have been employed. Temperature of
the salt was measured with Chromel-Alumel
thermocouple.

3. Results and Discussion

0.2
Apf,:¢ Bi**+ 3¢ Bi
0.15

Apl:La**/La

Ap2: LigBi /|

0.1

Current(A)

—LiC-KCIBi+LaCI3_BiCl13 1wt% |

o
)
)

-1.5 -1 -0.5 0 0.5 1 L5
Potential V (vs Ag/AgCl 1wt%)

Fig. 1. Cyclic voltammograms of LiCI-KCI-LaCly(1wt%) at liquid
Bi electrode with BiCly(0.2~1wt%)

Results of Cyclic voltamograms of LiCI-KCI-LaCl; at
773K are shown in Fig. 1. According to La-Bi Diagram,
there are five La-Bi intermetallic compounds. [12]
Comparison of the cyclic voltemmograms obtained in
LiCI-KCI-LaCl; and after the addition BiCl; (0.2~1 wt %)
is shown in Fig 1.

In the LiCI-KCI-LaCl;, corresponding to the

anodic/cathodic of La, two pairs of Apl/Cpl are
observed. After the addition of BiCl3 (by 0.2 wt %), the
voltammogram is more values then that obtained. The
results are consistence with those obtained p2,
correspond to the formation of a Li-Bi intermetallic by
under-potential deposition of Li on the pre-deposition
Bi. Cathodic/anodic peak Ap6/Cp6 around 0.1~0.4V
should be ascribed to the deposition/dissolution of Bi
metal, respectively.
Between the p2 and p6, peaks of redox couples are
ascribed to the formation/dissolution of different
intermetallic compounds. Two to four anodic peaks Ap3,
Ap4, Ap5 observed correspond to the formation of La-
Bi intermetallic compounds, repectively. Reduction
peak potentials are very close, we have been difficult to
distinguish the peak. However, La/La’" peak were
clearly observed at about -1.94V. Peak current value of
La/La’* was decreased and p3, p4, p5, p6 was increased
due to BiCl;. For La/La®", can be used to estimate the
diffusion coefficient from the following Randles-Sevick
formula:
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Where I,is the peak cathodic current (A), A4 is the
electrode surface area (cm?), C is the bulk concentration
of La(III) ions (mol cm ), D is the diffusion coefficient
(em®*s™"), vis the potential scan rate (Vs '). The
obtained diffusion coefficient values (Dy,3+/1.:8.18x10
Sem?/s) were derived from the molten salt without BiCls.
The La/La®" peak current were changed by the addition
of BiCls.

We derive the concentration by using a peak current
corresponding to the La/La’", the diffusion coefficient
was assumed a fixed value. Accordingly, the diffusion
coefficient formula was modified.

i, 2)
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Through the above formula the obtained concentrations
at fixed diffusion coefficient value is listed in Table 1.

Table II: Problem Description

Add BiCl Concentration ;)f Wight Percent (%)
3 LaCl [mol/em ]
6.78x10 1
0.2wt% 5_10324)(10»5 0.759617453
0.4wt% 44286710 0.659207273
0.6Wt% 3.99037x10 0.593966141
0.8wt% 3.66992x10 0.546267058
1wt% 1_5()4()4)(10»5 0.223875625

4. Conclusions

The electrochemical behavior of La was studied in
LiCl-KCI-LaCl; molten salts using electrochemical
techniques Cyclic Voltammetry on liquid Bi electrodes
at 773K. During the process of cyclic voltammetry
electrolysis, intermetallic compound were observed of
La, La,-Bi,, Li-Bi. The diffusion coefficient of La was
measured by cyclic voltemmetry and was found to be
8.18x10cm’/s.

Further study, in order to determine clarity of diffusion
coefficient in this experiment, we will compare result of
electrochemistry method CP, SWV. Also, we will
perform concentration analysis using the ICP-MS.

REFERENCES

[1] Lee, H., Park, G., Kang, K., Hur, J., Kim, J., Ahn, D., Cho,
Y., Kim, E., 2011, “Pyroprocessing Technology Development

at KAERI”, Nuclear Science and Technology, 43(4), pp. 317-
328.

[2] T. J. Kim, Y. Jung, S. H. Kim, S. W. Paek, D. H. Ahn,
Bull. Korean Chem. Soc, 32 (2011) 863.

[3] Y.catrillejo, et. al.,”Electrochemical formation of Sc-Al
intermetallic compounds in the eutectic LiCI-KCl.
Determination of thermodynamic properties”, Electrochimica
Acta, 118, pp58-66, 2014

[4] J. J. Roy, L. F. Grantham, D. L. Grimmett, S. P.
Fusselman, C. L. Krueger, T. S. Storvick, T. Inoue, Y.
Sakamura, N. Takahashi, J. Electrochem. Soc. 143 (1996)
2487.

[5] S. P. Fusselman, J. J. Roy, D. L. Grimmett, L. F.
Grantham, , C. L. Krueger, C. R. Nabelek, T. S.Storvick, T.
Inoue, T. Hijikata, K. Kinosita, Y. Sakamura, K. Uozumi, T.
Kawai, N. Takahashi, J.Electrochem. Soc. 146 (1999) 2573.

[6] T. Koyama, T. R. Johnson, D. F. Fishcer, J. Alloys Compd.
189 (1992) 37]

[71 H. Konishi, T. Nishikiori, T. Nohira, Y. Ito
“Thermodynamic  properties of Dy-Ni intermetallic
compounds” Electrochimica Acta, 48 (2003), p. 1403

[8] T. Iida, T. Nohira, Y. Ito “Electrochemical formation of
Sm-Co alloys by codeposition of Sm and Co in a molten LiCl-
KCI1-SmCI13-CoCl2 system” Electrochimica Acta, 48 (2003), p.
2517

[9] M. Harata, K. Yasuda, H. Yakushiji, T.H. Okabe
“Electrochemical production of Al-Sc alloy in CaCl2—-Sc203
molten salt” The Journal of Alloys and Compounds, 474
(2009), p. 124

[10] Y. Li, F. Wang, M. Zhang, W. Hang, T. “Yang Study on
electrochemical preparation of Al-Li-Y alloys from Y203 in
LiCl-KCI-AIC13 molten salts” Journal of Rare Earths, 29
(2011), p. 378

[11] H. Konishi, K. Mizuma, H. Ono, E. Takeuchi, T. Nohira
T. Oishi, “Electrochemical Formation of Tb-Ni Alloys in a
Molten LiCI-KCI-TbCl3 System” ECS Transactions, 50 (11)
(2012), pp. 561-569]

[12] K. A. Gshneidner and F. W. Calderwood, Bull. Alloy
Phase Diagrams, 1989, 10, 440-443



