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CYCLIC VOLTAMMETRIC STUDY OF THE REDUCTION OF
U(IIL) TO URANIUM METAL IN MOLTEN
LiCl~NaCl-CaCl,~BaCl,-UCl4

D. S§. Poa, Z. Tomczuk, and R. K. Steunenberg
Chemical Technology Division

Argonne National Laboratory
Argonne, IL 60439-4837

Introduction

Cyclic votlammetry was used to investigate the
electrochemistry of the reduction of UCl3 to uranium
metal in molten LiCl-NaCl-CaClj-BaClj, (49.7-8.0-
26.5~15.8 mol %) containing dissolved UCl3. The
purpose of the study was to obtain information on
the kinetics of the reaction, which will be used in
the design of electrorefining equipment for the
reprocessing of core and blanket fuel discharged
from the Integral Fast Reactor (IFR). The electro-
refining operation employs the above salt as the
electrolyte and a liquid cadmium pool as the anode.

Literature values for the standard potentials
of the U(III)/U(0) couple in LC1l-Kel, NaCl-KCl, and
NaCl1-KC1-MgCly eutectic salts have been critically
reviewed by Plambeck (1). Comprehensive reviews of
the electrochemistry of uranium have been published
by Martinot and Caligara (2,3). Polarographic
studies of uranium species in molten LiCl-KCl and
LiCl1-KC1-MgCly eutectics have been reported by

Hill et al. (4).

Experimental

The electrochemical cell comprised (a) a low—
carbon steel crucible (vol., 325 em”), which served
as the cell container, (b) a working electrode
consisting of a 0.32~cm-diameter metal (either
molybdenum or low-carbon steel) rod encased in an
alumina tube in 5uch a way that an apparent surface
area of 0.079 cm® was exposed to the electrolyte,
(¢) a liquid cadmium counter electrode, and (d) a
Ag/AgCl reference electrode. The cell was located
in a furnace well in the floor of a high-purity,
helium—atmosphere glove box. The cell temperature
was measured with a calibrated Chromel-~Alumel
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molybdenum or low—carbon steel) rod encased 1n an
alumina tube in 5uch a way that an apparent surface
area of 0.079 cm“ was exposed to the electrolyte,
(c) a liquid cadmium counter electrode, and (d) a
Ag/AgCl reference electrode. The cell was located
in a furnace well in the floor of a high-purity,
helium-atmosphere glove box. The cell temperature
was measured with a calibrated Chromel-Alumel
thermocouple.

The UClj in the electrolytic was generated

in situ by dissolving metallic uranium in the
liquid cadmium, and then adding CdCl; to the salt

phase.

Single~-sweep and cyclic voltammetric scans
were made with a potentiostat (PAR Model 173)

coupled to a PAR Model 175 universal programmer.
Current-voltage curves were recorded with a Hewlett-
Packard Model 7044-A recorder.

Results and Discussion

Figure 1 shows ‘typical cyclic vol tammograms
for the reduction of U(III) to the metal at a
molybdenum electrode at 465°C. A simple, well-
defined cathodic current peak (ip.) was observed.
The anodic current peak, which is sharp and sym-
metrical, is characteristic of the oxidation of a
solid deposit from an electrode surface.

The cathodic peak current (ipc) was linearly
proportional to the square root of the potential
scan rate (V1/2). Plots of 1 VS. V1/2 for various
temperatures (436 to 528°C) and for the two different
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cathode materials (molybdenum and steel) were linear
and passed through the origin. In addition, the
peak current potentials and the separations between
the peak and half-peak potentials (15 to 20 mV) were
independent of potential scan rate. These results
indicate that the charge—transfer reaction of the
U(III)/U(O) couple is reversible and occurs under
dif fusion—controlled conditions.

In general, the reduction rate of U(III)
increased with increasing temperature. Over a tem-
perature range of 436 to 520°C, the increase irn the
magnitude of the reduction peak current of U(III)
with temperature can be approximated by a linear
relationship. The temperature coefficients for
UCIII) under these conditions were 1,1 x 1072 ma/°C
at the steel electrode and 6.1 x 1072 pA/°C at the
molybdenum electrode.

When the UClj concentration in the salt was
increased from 1.8 to 3.4 mol %, the reduction peak
current increased by a factor of four to five.
Further increases to 5.3 and then to 6.7 mol %,
however, caused no significant change from the rate
at 3.4 mol %.

Figure 2 shows that the separation between
the cathodic and anodic current peak potentials
increased consistently, and all the peak potentials
shifted in a positive direction with increasing
UCl3 concentration. The reduction peak potential
for U(III) shifted from ~1.5 V (vs. Ag/AgCl) at
1.8 mol % UCl3 to about -1.2 V at 6.7 mol Z.

Standard potentials obtained for the U(III)/U(O)
couple in this electrolyte ranged from about -1.07
to -1.50 V, depending on the experimental conditions.

Values of the diffusion coefficient for U(IILI)
ions in Egis electrolyEg at2465°C were estimated at
0.5 x 107" to 4.0 x 107 ° cm“/s, depending on the
UCly concentration.



Values of the diffusion coefficient for U(III)
ions in tgis electrolytg at 465°C were estimated at
0.5 x 107 to 4.0 x 10™° cm /s, depending on the
UCl3 concentration.

In general, the results of this study are in
reasonable agreement with earlier data obtained

with other molten chloride electroiytes (1-4).

_ Acknowledgment

This work was supported by the U.S. Department
of Energy as part of the Integral Fast Reactor
Program under contract number W-31-109-Eng-38. The
authors also wish to thank M. Steindler, L. Burris,
W. Miller, and R. Wolson of the Chemical Technology
Division for their guidance and assistance.

References

1. J. A. Plambeck, Encyclopedia of Electrochemistry
of the Elements, Vol. X, A. J. Bard, ed.,
Marcel-Dekker, New York (1976).

2. L. Martinot and F. Caligara, At. Energy Rev.
11, 3 (1973).

3. L. Martinot, Gmelin Handbook of Inorganic
Chemistry, Suppl. Dl, Springer-Verlag, Barlin
(198%).

4. D. L. Hill, J. Perano, and R. Osteryoung,
J. Electrochem. Soc. 107 698 (1960).



Current

Cathodic

Anodic

1

10 mV/s

Working electrode: Mo

Apparent electrode area:
0.079 cm?

UCl3 concentration:
1.8 mol %

(T I NI N

-1.3

Fig. 1.

-1.4 +-1.5 -1.6 -=1.7 -1.8
Potential (V vs. Ag/AgCl)
Effect of Potential Scan Rate on

Cyclic Voltanmograms for the
Reduction of U{III) at 465°C.



Cath

Anod Cath Anod

Anod Cath

Anod Cath

l 1.8 mol % Ucl,

Mo electrode
T = 465°C

| Lo

Apparent electrode area = 0,079 cm2

l 3.4 mol % UCl3

o p—m

10 mA

5.3 mol % UCl3

6.7 mol % UCfi.3

] L ]

-0.9 -1.0 -1.1

-1.2 -1.3 -1.4 -1.5 -1.6

Potential (V.vs. Ap/AgCl)

Fig. 2. Effeect of

UCl, Concentration on Voltam—

mograms for tge Reduction of U(III) at
2 mV/s Scan Rate.



