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Abstract

Experiments of pyrochemical process of minor actinide nitrides are scheduled. Experimental

procedures of electrochemical study of the molten salts containing minor actinides (10-100mg) were

established. Preliminary study with a rare earth element used as a surrogate was carried out in the hot

cells using master-slave manipulators.

1. Introduction

Experimental study of pyrochemical process of nitrides containing minor actinides (Am, Cm)

requires the facility having not only shielding for y-ray and neutron but also ability to keep a high purity

inert gas atmosphere; because minor actinide nitrides or chlorides can easily react with oxygen or water

vapor in an atmosphere. Experimental procedures in the facility were established and preliminary study

with a rare earth element used as a surrogate of minor actinides was carried out after preparation of the

experiments using master-slave manipulators in the hot cells.

2. Experimental

2.1 Apparatus

The electrochemical cell was set in a vertical well type furnace hanging on the floor

of the hot cell. A crucible having salt sample was set in the furnace. The sample was

heated under an inert gas flow after setting a cover of the furnace having the electrodes.

The cover has 5 holes for electrodes, which are appropriate for the experiments. Solid

metal electrodes, liquid cadmium electrodes, reference electrodes, anodes for dissolving

nitride pellets were designed and manufactured. Figure 1 shows a schematic diagram of the

apparatus.
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2.2 Preliminary study with a rare earth element

Experimental procedures including transferring and setting of the samples and apparatus were

established. Preliminary study with lanthanum used as a surrogate was carried out after preparation of

the experiments using master-slave manipulators and in-cell cranes in the hot cells.

Electrochemical measurements were carried out for LaC!3-LiCl-KCl system with X(LaCl3)=8.5

X 10"4 at 450 °C . Electrochemical measurements were carried out with a Solartron 1280

Electrochemical measurement unit. The working electrode was consisted of Immcj) tungsten wire.

Another tungsten wire was used as the counter electrode. The reference electrode was consisted of a

silver wire (lmnKJ)) dipped in the AgCl(X(AgCl)=0.0413)-LiCl-KCl placed in a mulite tube. Potentials

were measured versus the reference electrode. Temperatures of the molten salt sample were measured

with R type thermocouple set in an alumina tube.

3. Results and discussion

Figure 2 shows a typical cyclic voltammogram; it has a single group of signals around -2.2V,

which is close to the lower limit of the electrochemical window. The signals correspond to redox

reactions of La(III)/La(0). The lower limit signals around -2.6V correspond to electrodeposition of

lithium contained in the solvent; the higher limit signal around +1.1V corresponds to evolution of

chlorine gas. The positions of these signals are in good agreement with the reported values. EMF of

La(III)/La(0) couple was also measured. La metal was deposited in situ on a tungsten electrode by

coulometry at a constant potential of about -2.3V for about 5 seconds. Figure 3 shows the evolution of

the measured potential of the La deposited electrode after the coulometry at -2.3V for 5 seconds. The

potential indicated a stable value (-2.29V) for about 80 seconds and then changed to the rest potential of

the tungsten electrode gradually. The standard potential of the electrochemical couple £°(La(III)/La(0))

was calculated from the measured EMF of the galvanic cell: Ag(s)IAgCl, LiCl-KCl II LiCl-KCl, LaCl3 I

La(s), which is given by

EMF = £La - £ref = £°(La(III)/La(0)) + 2.3(RT/3F)log[La(III)] - £ re f, (1)

where £ref is the potential of the AglAgCl reference electrode; the value reported in [1] was used.

£°(La(III)/La(0)) was calculated to -3.22V, which is close to the values of £°(La(III)/La(0)) reported in

literature [1-3].
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Hot cell Controller

Fig. 1 Schematic diagram of the apparatus.
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Fig. 2 Cyclic voltammogram obtained for LaCl3-LiCl-KCl system with

X(LaCl3)=8.5 X 10"4 at 450 °C.
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Fig. 3 Potential of the La deposited electrode after the couiometry at -2.3V for 5 seconds of

LaCVLiCl-KCJ system with X(LaC!3)=8.5 X 10"4 at 450 °C.

4. Summary

To prepare the experiments of the electrolyses of minor actinide nitride, experimental

procedures in the hot cell facility were established and preliminary study with a rare earth element used

as a surrogate was carried out.
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