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Abstract

Electrochemical behavior of actinide nitrides in LiCl-KCl eutectic melt was investigated in

order to apply pyrochemical process to nitride fuel cycle. The electrode reaction of UN and (U,Nd)N

was examined by cyclic voltammetry. The observed rest potential of (U,Nd)N depended on the

equilibrium of U3+/UN and was not affected by the addition of NdN of 8 wt.%.

1. Introduction

Pyrochemical process has several advantages over conventional wet process for reprocessing

the spent fuel with high radiation dose and decay heat [1-2]. Especially for nitride fuel cycle with

N-15 enriched nitrogen, pyrochemical process will have technical feasibility of recovering expensive

N-15 as nitrogen gas. Therefore application of pyrochemical process to nitride fuel cycle has been

carried out in JAERI and electrochemical behavior of UN, NpN, PuN and (U,Pu)N has been

investigated so far [3-7]. However, the effect of fission products on the electrochemical behavior of

nitride fuel has not been reported so far. In this study, the electrochemical behavior of (U,Nd)N

containing NdN of 8wt.% was examined by cyclic voltammetry in comparison with that of UN.

2. Experimental

2.1 Samples

UN and (U,Nd)N specimens used in this study were prepared by carbothermic reduction of

UO2 and Nd2O3, of which detailed procedures are reported elsewhere [8]. The X-ray diffraction

patterns showed an almost single phase of NaCl-type structure and the densities of sintered UN and

(U,Nd)N pellets were 13.3 and 12.8 g/cm3, namely 92.3 and 94.7 %TD, respectively. Fragments of the

pellets (~lg) were subjected to cyclic voltammetry.
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2.2 Apparatus

Figure 1 shows the schematic of electrochemical cell and heating furnace used in this study.

In order to avoid the reaction of the specimens with oxygen and moisture, the apparatus shown in Fig.l

is installed in the glovebox with high-purity argon gas atmosphere [9]. Fragments of the nitride pellets

wound with Ta-wire were used as a working electrode. The counter electrode was Mo-wire of lmm0

in diameter. The reference Ag/AgCl electrode consisted of Ag wire immersed in the LiCl-KCl eutectic

melt containing 1 wt.% of AgCI. Temperature of the salt phase was measured by a calibrated

Chromel-Alumel thermocouple. Cyclic voltammograms were obtained using a voltammetric analyzer,

Potentiostat/Galvanostat Model 273A (Seiko EG&G), at a scan rate of 100 mV/s. The concentration

of UC13 in the LiCl-KCl eutectic melt was determined by ICP-AES.
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Fig. 1 Schematic of electrochemical cell

3. Results and discussion

Cyclic voltammograms of UN and (U,Nd)N obtained in the LiCl-KCl eutectic melt at 773 K

are shown in Fig. 2. The rest potential of the surface of (U,Nd)N was -0.72 V, which almost agrees

with that of UN in the literature [7]. Anodic current was observed for UN and (U,Nd)N at more

positive potential than -0.8--0.9 V vs. the reference Ag/AgCl electrode. These currents corresponded

to the dissolution of U into the melt as trivalent ion shown in equation (1),
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- T T 3 +UN = IT + 3e~ + 0.5N2(g) (1).

Accordingly, U in UN and (U,Nd)N dissolved at an almost similar potential under the present

experimental condition.

On the other hand, small anodic and cathodic peaks were observed in the cyclic

voltammogram of (U,Nd) as shown in Fig. 2. The peaks observed at -1.16 V and -1.26 V vs. the

Ag/AgCl reference electrode possibly corresponded to the dissolution and deposition of Nd in (U,Nd)N

shown in equation (2),

NdN (in (U,Nd)N) = 3e" + 0.5N2(g) (2).

Equilibrium potential of NdN in the (U,Nd)N, however, could not be determined in this study, since the

Nd content in the melt was too low to be quantitatively analyzed by ICP-AES.
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Fig. 2 Cyclic voltammograms of UN and (U,Nd)N at 773 K

(Scan rate: lOOmV/s)

4. Conclusions

Electrochemical behavior of UN and (U,Nd)N containing NdN of 8wt.% in LiCl-KCl eutectic

melt was investigated by cyclic voltammetry in order to examine the effect of addition of rare earth

elements in nitride fuel. Anodic currents indicating dissolution of U into the melt as trivalent ion were

observed at more positive potential than -0.8--0.9 V vs. the Ag/AgCl reference electrode for both

specimens. Anodic and cathodic peaks observed at -1.16 and -1.26V vs. the Ag/AgCl reference

electrode possibly corresponded to the dissolution and deposition of Nd in (U,Nd)N. It is suggested

from the present results that separation of U and rare earth elements is probable by the potential

controlled electrolysis in the melt.
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