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Reactions of a Few Rare Farth Oxides with Lithium in Lithium Reduction

Process
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Abstract

Reactions of a few rare earth oxides with lithium produced by electrolysis of lithium
oxide in the lithium reduction process of oxide fuels were examined. We found that
these oxides were reduced as metals by lithium in the lower concentration than their
respective certain critical concentration of lithium oxide, and determined the range of
lithium oxide concentration in which the critical concentration existed, by cyclic
voltametry and analysis of electrolysis products. The range of lithium oxide concen-—
tration in which the critical concentration existed, was 1.03~1.55 wt% for Nd:Os, 0.29~
0.50 wt% for Gd:Os, 0.28~0.42 wt% for Pr.Os, and 0.35~0.49 wt% for EuOs.
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Table 1. Reagent Used in Experiments

Reagent Purity (%) Producer Reagent Purity (%) Producer

LiCl 99.995 Alfa AESAR Li2O 99.5 CERAC

Nd203 99.99 Rare Metallic Pr:0s3 99.99 "

Gd203 99.9 " Eux0s 99.9 "
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Table 2. Cyclic Voltammetric Data for Li2O in LiCl Molten Salt at Iron Electrode

Conc. of LixO(wt%) | Scan rate(mV/sec) -Epc (V) -Epa(V)
20 - -
0 50 - 1.96
100 2.21 1.71
200 - 161
20 1.78 1.90
50 - 1.35
0.44
100 191 1.30
200 2.11 1.21
20 - 1.96
50 2.05 1.85
0.81
100 2.11 181
200 211 1.81
20 - 1.74
50 - 1.70
1.53
100 2.11 1.71
200 211 161
20 - 1.80
50 2.16 1.70
2.37
100 2.21 161
200 - 161
20 - 1.74
50 2.16 1.59
291
100 2.21 161
200 - 161
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Table 3. Element Expected Being Oxidized from the Shifts of Oxidation Peak Potential
from the Cyclic Voltammetry of LixO-RE2Os in LiCl at 650C

Oxidation peak potential(V) vs. Pt rod Expected

Compound (i‘vls;) Scan rate(mV/sec) e}seniqnegnt

10 30 50 100 oxidized
0.35 -2.00 -1.92 -1.90 -2.01 Eu
Euy0s 0.49 -1.95 -1.80 -1.70 -151 Li
0.97 -1.87 -1.77 -1.64 -1.61 Li
1.03 -1.71 -1.68 -1.10 -1.51 Nd
Nd>03 1.55 -1.77 -1.68 -1.55 -1.51 Li
3.23 -1.72 -1.62 -1.60 -1.60 Li
0.28 -1.81 -1.41 -1.70 -1.61 Pr
Pr203 0.42 -1.70 -1.59 -1.44 -1.41 Li
0.62 -1.92 -1.62 -1.39 -1.21 Li
0.29 -1.76 -1.65 -1.80 -1.71 Gd
Gd203 0.50 -2.03 -1.71 -1.65 -1.61 Li
0.80 -2.04 -2.01 -2.00 -2.00 Li
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Table 4. The Range of Critical Concentration of Li:O for RE2O3 Reduction in LiCl-RE2Os
Electrolysis in LiCl at 650 C

Reduced(O) or not(x)
Bgnge of at LixO conc.(wt%)
Compound critical conc. XPS of Cveli
of LixO(wt%) >0 yele
electrolysis products voltammetry
1.03(0)
Nd2O3 1.30 ~ 155 1.30(0)
1.55(x)
Gd:O 029 ~ 050 0.97(x) 0.29(0)
203 : : : 0.50(x)
0.28(0)
Pr:0s 0.28 ~ 042 0.63(0)
0.42(x)
0.35(0)
EuwOs3 0.35 ~ 049 1.00(x)
0.49(x)
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Fig. 1. 3-Electrode cell.
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Fig. 2. Cyclic voltammogram of Li:O in LiCl at 650 C([Li2O]: 2.37 wt%).
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Fig. 3. Cyclic voltammogram of Li:O-Nd2Os3 in LiCl at 650 C([Li>O]: 1.03 wt%).
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Fig. 4. Cyclic voltammogram of Li:O-Nd:Os3 in LiCl at 650 C([Li2O]: 1.55 wt%).
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Fig. 5. Cyclic voltammogram of Li;O-Eu20s in LiCl at 650 T ([Li2O]: 0.35 wt%).
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Fig. 6. Cyclic voltammogram of Li;O-Eu20s in LiCl at 650 T ([Li2O]: 0.49 wt%).
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Fig. 7. Cyclic voltammogram of LixO-Gd-O3 in LiCl at 650 C([Li2O]: 0.29 wt%).
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Fig. 8. Cyclic voltammogram of LixO-Gd-O3 in LiCl at 650 C([Li2O]: 0.50 wt%).
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Fig. 9. Cyclic voltammogram of Li:O-Pr:0O3 in LiCl at 650 C([Li2O]: 0.28 wt%).
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Fig. 10. Cyclic voltammogram of Li:O-Pr.Os in LiCl at 650 T ([Li:O]: 0.42 wt%).
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Fig. 11. XPS spectrogram of electrolysis products of Li2O-Nd>Os3 in LiCl at 660 C
(Final concentration of Li:O: 1.30 wt%).
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Fig. 12. XPS spectrogram of electrolysis products of Li:O-EusOs3 in LiCl at 650 C
(Final concentration of Li:O: 1.00 wt%).
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Fig. 13. XPS spectrogram of electrolysis products of Li:O-Gd-Os in LiCl at 650 C
(Final concentration of Li:O: 0.97 wt%).
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Fig. 14. XPS spectrogram of electrolysis products of Li;O-Pr:Os in LiCl at 650 C
(Final concentration of Li:O: 0.63 wt%).
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