dJ. of the Korean Radioactive Waste Society
Vol.8(1), P.19-32, Mar. 2010.

A Chemical Reaction Calculation and a Semi-Empirical Model for the Dynamic
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Abstract

Electrolytic reduction technology is essential for the purpose of adopting pyroprocessing into spent oxide fuel as
an alternative option in a back-end fuel cycle. Spent fuel consists of various metal oxides, and each metal oxide
releases an oxygen element depending on its chemical characteristic during the electrolytic reduction process. In
the present work, an electrolytic reduction behavior was estimated for voloxidized spent fuel based on the
assurnption that each metal-oxygen system is independent and behaves as an ideal solid solution. The electrolytic
reduction was considered as a combination of a Li recovery and chemical reactions between the metal oxides such
as uranium oxide and the produced Li metal. The calculated result revealed that most of the metal oxides were
reduced by the process. It was evaluated that a reduced fraction of lanthanide oxides increased with a decreasing
Li,O concentration. However, most of the lanthanides were expected to be stable in their oxide forms. In addition,
a semi-empirical model for describing U;05 electrolytic reduction behavior was proposed by considering Li
diffusion and a chemical reaction between U304 and Li. Experimental data was used to determine model
parameters and, then, the model was applied to calculate the reduction yield with time and to estimate the
required time for a 99.9% reduction.
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Fig. 1. Concept of a chemical reaction model.
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Table 1. Initial composition for electrolytic reduction.

Compound | Amount (mol)| Compound | Amount (mol) | Compound [Amount (mol)
Ag 1.7662E-02 NbO 4.3407E07 Sm,O3 7.2697E-02
AgO | 40422E04 | NbO, | 8.3466E07 Sn 1.1341E-02
BaO 2.2430E-01 Nd,O, 3.6543E-01 Sno, 4,5598E-03
Ba,0 5.8162E-02 Pd 1.2890E-01 SnO 3 9489E-03
Cd 1.0098E-02 PdO 2,4830E-01 SrO 2,2351E-01
o LO472E02 | pmO, | 7.02726-04 | TbOp | 6.5875E-05
Ce, 4,4134E-01 Pr1,0,, 1,7092E-02 THO 7772706
CsO, 2.5348E-02 PrO, 2,1000E-11 Tb,04 1.0723E-06
Cs,0 8.3198E-02 RbO, 2.0265E-02 Tc 9.3394E-02
Cs,0, | 73182602 | Rb,O | 38235802 | TcO, | 4.3837E-02
Dy,0, | L3194E04 | Rb,0, | 4.2477F-03 Te 1,8334E-02
Eu,0, 1.3319E-02 Rh 2.2998E-02 TeO 3 6331E-02
FuO 2.9609E-15 RhO 1,1605E-03 Xe 7.5488E-01
Gd, O, 1,2471E-02 Rhi,O 2,60538-02 Y04 6,5249E-02
Ge 15640B-04 | RO, | 136GBE02 | 2O, | 10Z3OE+00
GeO, 7.6795E-05 RuO, 9.6265E02 | AmO, | 6.2247E-02
L 2.1616E-02 Ru 1.9609E-01 CmQO, 4,7474E-03
In 2.5251E-04 Sb 2.2891E-03 NpO, 5.8970E-02
In,0, 98793E05 | b0, | B8.7404E-04 | PuO, | 8.4628E-01
Kr 7.6412E-02 SbO, 2,6435E-05 U0, 1.323GE+00
La, 0, 1,1396E-01 Se 1,2321802 U0q 1.6942E-01
Mo 6,0665E-01 Se), 6,0490E-03 UsOy 2,5234E+01
MoO, 2,9785E-01 U0, 1.5724E+00
Total 3.4924E+01
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Fig. 2. Reduction behavior of uranium oxide.
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Table 2. Composition of electrolytic reduction products.

Compound | Amount (mol) | Compound | Amount (mol)
Ag 1.8470E-02 PrO, 9.9693E-02
BaCl, 3.4062E-01 RbCl 1.0523E-01
cd 2.9570E-02 Rh 1.0360E-01
Ce 9.9524E-03 Ru 2.9235E-01
Ce,0, 2,1569E-01 Sb 4.0371E03
Cscl 3.3871E-01 Li,5e 1.8371E-02
Dy, Oy 1,3173E-04 Sm 2,1994E-03
Eu 1,4453E-02 Sm,04 7.1597E-02
EuO 1,2189E-02 Sn 1.9848E-02
Gd 1.0446E-04 SrCl, 2.2351E-01
Gd,0, 1.2419E-02 i) 3.1372E07
Ge 2.3321E-04 Tb,03 2,3537E-04
Lil 4,3232E-02 Tc 1,3922E-01
In 4,5010E-04 Li,Te 5,5165E-02
La 1,5638E-02 Y 9.8254E-06
13,0, 1,0614E-01 Y,0; 6.5244E02
Mo 9.0450E-01 Zr 1.0230E+00
Nb 1.2688E-06 Am 6.1892E-02
Nd 1.8033E-02 Am,0, 1.7850E-04
Nd,0, 3.5641E-01 Cm 4,7474E-03
Pd 3.7720E-01 Np 5.8068E-02
Pm 3,9600E-05 Pu 7.7890E-01
Pm,0O, 0.8292E-04 PuO 6.7339E-02
Pr 5.7179E-03 U 7.9248E+01
Total 8.5265E+01

V.33 AS B2AE A% 04dd 29

7t WY 79

AHL T AT E o] &3 A7k whE Asdsde = AS
el A A8 G4 2EE b glov A2 U0, B
& A8l A $4 ASS SA AL EHE
HAH19l. ¢le} Z2 FH AF BAE $3] & ATl
A71gstd o 2 A HE Li F57 U,0,9) 38ehg-& 7ke
2 Li g4 8213 yh-go] Aghd 2d-g AAle .

U0 Li2] 3}8pk-g-2 the- 2)(23) 2.2 F 3 E v o] Ao
A 2l HE Y 2R diR|she] ARSI

16Li+ (]:508:8L120+3U ................................................

aA+ bB=cC+dD

3 H(24)oNA A& Li, BE U052 YJEMH a9} b= ¥+
(23)9) &k ztzhe] Aol

298 Fig, 139} Zo] A R;‘?l Kk iacy
(center lead)S 402 8]-04
To] FAHAUE 4FF

F7h B52E Fool TR

@elo) WsIn LAY W2 ¢
Bapel e G AALEE BT WIFE FT



A Chemical Reaction Calculation and a Semi-Empirical Model for the Dynamic Simulation of -+

Center lead

Reduced region

Unreduced region

Ry

Fig. 13. Concept of a semi-empirical model.
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