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Reactions of a Few Rare Earth Elements with Lithium Oxide Produced in

Lithium Reduction Process
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Abstract

Reactions of a few rare earth oxides with lithium oxide produced in lithium reduction
process of oxide fuels were clarified. Oxides of neodymium, yttrium, gadolinium and
yvtterbium reacted with lithium oxide in the higher concentration than the respective
certain critical concentration of lithium oxide and formed complex oxides. The critical
lithium oxide concentrations for the formation of complex oxides of neodymium, yttrium,
gadolinium and ytterbium oxide were respectively 5.0 wt 26, 1.9 wt %, 29 wt % and 2.6
wt %. Cerium dioxide did not react with lithium oxide. These complex oxides obtained
from experiments were a little more dissolved than the respective rare earth element
oxide but have limited solubility in lithium chloride at 650 C. These rare earth elements
were supposed to precipitate as their oxides or complex oxides in lithium chloride in

real process.
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Fig. 1. Experimental Apparatus for RE:O3-Li:O Reaction.
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Table 1. Reagents Used in Experiments

Reagent Purity (%) Producer
LiCl 99.995 Alfa AESAR(U.S.A)
LixO 99.5 CERAC(U.S.A)
Nd203 99.99 Rare Metallic(Japan)
CeO2 99.99 Rare Metallic(Japan)
YhoOs 99.99 Rare Metallic(Japan)
GdoO3 99.9 Rare Metallic(Japan)
Y203 99.99 Rare Metallic(Japan)
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Fig. 2. Change of [Li2O] in LiCl vs. Y20s-Li2O Reaction Time.
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Fig. 3. Change of [Li2O] in LiCl vs. Nd2Os-Li2O Reaction Time.
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Fig. 4. Change of [LizO] in LiCl vs. Gd2Os-LizO Reaction Time.
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Fig. 5. Change of [LizO] in LiCl vs. CeO2-LizO Reaction Time.
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Fig. 6. Change of [Li2O] in LiCl vs. Yb2Os3-Li2O Reaction Time.
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Fig. 7. XRD Pattern of Y203-Li2O Reaction Product.
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Fig. 8. XRD Pattern of Nd>Os—LizO Reaction Product.
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Fig. 9. XRD Pattern of Gd:0O3-LizO Reaction Product.
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Fig. 10. XRD Pattern of CeOz-Li2O Reaction Product.
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Table 2. Analytical Results of Reaction Products by ICP

Reactant Li RE element Calculated O EXpechd
wt2%(mol/g) wt%(mol/g) wt2%(mol/g) composition
Y205-Li2O 5.40(0.8064) 71.7(0.7780) 22.9(1.431) LiYO2
Gd20s-Li20 3.46(0.4984) 79.6(0.5062) 16.9(1.059) LiGdO:z
Nd205-LizO 3.90(0.5619) 78.0(0.5408) 18.1(1.1313) LiNdO;
Ce02-Li2O Negligible 78.0(0.5567) 22.0(1.3751) CeOs
Yb203-LizO 3.30(0.4754) 81.2(0.4693) 15.5(0.9688) LiYbOs

Table 3. Solubility of LIREO; and RE20s in LiCl at 650 T

Compound Solubility (ppm) Conc. of LisO(wt%) | Critical conc. of LisO(wt%)

Y203 0.84 - -

LiYOq 10 3.0 1.9

Gd20s 8.4 - -
LiGdO2 31 3.5 2.9

Nd203 12 - -
LiNdO» 457 5.8 5.0
Yh2O3 <8.0 - -
LiYbOq <9.8 3.0 2.6
sy
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