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Abstract — Non-aqueous processes have been developed for stable management and reuse of spent fuels. Nowadays, a
plan for the management of spent fuel is being sought focusing on a non-aqueous process in Korea. Named as pyro-
processing, it includes an electrolytic reduction process using molten salt at high temperature for the spent fuels, which
provides metallic product for a following electro-refining process. The electrolytic reduction process utilizes electro-
chemical reaction producing Li to convert oxides into metals in high temperature LiCl medium. Various kinds of ele-
ments in the spent fuels would be distributed in the system according to their respective reactivity with the reductant, Li,
and the medium, LiCl. This study elucidates the reactions of the elements to understand the behavior of composite ele-
ments on the spent fuels by thermodynamic calculations. Uranium and transuranic are reduced into their metallic forms
while rare-earth oxides, except for Eu, are stable against the reaction at a process temperature. This study also covers the
tendency of reactions with respect to the temperature and, finally, estimates radioactivity and heat load on the distrib-
uted phases based on the reference spent fuel characteristics.
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Table 1. Gibbs free energy changes and Li,O activity for actinide oxides reduction at 650 °C

Reaction AG° 00 Reaction AG° 00
U;04+16Li—>3U+8Li,0 ~107.0742 1 AmO,+4Li—Am+2Li,0 —96.9479 1
U,0¢+7Li+9LiCl1»3UCI;+8Li,0O 20.3502 0.1659 AmO,+Li+3LiCl—AmCl,+2Li,0 20.3091 0.4069
U,04+18Li—>4U+9Li,0 —54.1543 1 Am,O;+6Li—>2Am+3Li,0 10.6516 0.2496
U,04+6Li+12LiCl>4UCl,+9Li,0 96.8672 3.963x10*  Am,0;+6LiCl->2AmCL+3Li,0 166.9942 5.894x107
UO,+4Li—>U+2Li,0 -14.7619 1 PuO,+4Li—>Pu+2Li,0 ~37.1980 1
UO,+Li+3LiClI>UCL+2Li,0 155.1373 3.599x10°  PuO,+Li+3LiCl—>PuCl;+2Li,0 86.5883 1.387x107°
NpO,+4Li—>Np+2Li,0 —43.9893 1 PuO+2Li—>Pu+Li,0 6.9734 0.4031
NpO,+Li+3LiCl—-NpCl;+2Li,0 107.1502 232510 PuyO4+6Li—2Pu+3Li,0 44,5364 3.019x1073

Pu,0;+6LiCl—>2PuCl;+3Li,0 209.5849 2.111x107
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Table 2. Gibbs free energy changes and Li,O activity for lanthanide oxides reduction at 650 °C
Reaction AG° 4 no Reaction AG° 400
CeO,+Li+3LiCl>CeCl;+2Li,0 57.0886 1.793x1072 Nd,05+6LiCl->2NdCl;+3Li,0 160.0302 1.016x107
Ce,0;+6LiCl>2CeCl;+3Li,0 148.8436 2.436x107 Nd,0;+2LiCl->2NdOCI+Li,O 73.3779 7.045%107
Ce,0;+6Li—>2Ce+3Li,0 34.0411 1.185x1072 Nd,05+6Li—2Nd+3Li,0 38.1568 6.933x107
Dy,0;+6LiCl—2DyCl;+3Li,0 212.0518 1.741x1077 PrO,+Li+3LiCl—>PrCl;+2Li,0 —4.8942 1
Dy,0;+6Li—2Dy+3Li,0 52.7003 1.042x1078 Pr,0;+6LiCl>2PrCl;+3Li,0 149.9183 2.240x107
Eu,0;+6LiCl>2EuCl;+3Li,0 181.1538 1.949x1076 Pr,0;+6Li—2Pr+3Li,0 36.9169 8.148x107
Eu,0;+6Li—>2Eu+3Li,0 -18.0729 1 Sm,0;+2Li+4LiCl—>2SmCl;+3Li,0 39.6764 0.1215
Eu,0;+2Li—>2EuO+Li,0 —56.5691 1 Sm,0;+6LiCl->2SmCl;+3Li,0 175.7777 2.966x107
EuO+2Li—Eu+3Li,0 1.1753 0.8580 Sm,0;+6Li—>2Sm+3Li,0 40.6527 5.008x107
Er,05+6Li—2Er+3Li,0 65.6216 1.936x107* Sc,05+6Li—2Sc+3Li,0 68.0578 1.409x10~*
Gd,0;+6LiCl—->2GdCl;+3Li,0 189.0619 1.050x1076 TbO,+Li+3LiCl->TbCl;+2Li,0 33.2965 0.1385
Gd,0;+2LiCl-»2GdOCI+Li,0 129.7120 4.573x1078 Tb,0;+6LiCl>2TbCl;+3Li,0 206.8649 2.611x1077
Gd,0;+6Li—>2Gd+3Li,0 43.1070 3.637x1073 Tb,0;+6Li—>2Tb+3Li,0 55.9944 6.785x107*
Ho,0;+6Li—>2Ho+3Li,0 60.4412 3.801x107* Tm,0;+6Li—>2Tm+3Li,0 58.3044 5.022x107*
La,05+6LiCl»>2LaCl;+3Li,0 135.5849 6.870x107 Y,05+6LiCl>2YCl;+3Li,0 213.2158 1.589x1077
La,0;+2LiCl»>2LaOCHHLi,O 84.8404 1.583x107 Y,05+6Li—>2Y+3Li,0 68.2130 1.381x107*
La,O;+6Li—2La+3Li,0 32.4307 1.462x1072 Yb,0;+6Li—>2Yb+3Li,0 39.9044 5.521x107°
Lu,0;+6Li—>2Lu+3Li,0 58.5249 4.879x107
Table 3. Gibbs free energy changes and Li,O activity for other oxides reduction at 650 °C
Reaction AG” a0 Reaction AG” a0
BaO,+2Li+2LiCl—»>BaCl,+2Li,0 —261.5983 1 NbO,+4Li—>Nb+2Li,0 —-164.0194 1
BaO+2LiCl—»>BaCl,+Li,O —55.4906 1 NbO+2Li—>Nb+2Li,0 —141.7357 1
Cs,0+2LiCl—2CsCI+Li,0 —294.6005 1 NiO+2Li—Ni+2Li,O —321.3322 1
Rb,0+2LiCl—>2RbCI+Li,O —287.912 1 PdO+2Li—Pd+2Li,O —457.5456 1
RbO,+3Li+LiCl->RbCH2Li,O —410.8964 1 Ru,0;+6Li—>2Ru+3Li,0 —483.0646 1
SrO+2LiCl—»SrCL+Li,O 5.6266 1 RuO,+4Li—Ru+2Li,0 —402.2926 1
TeO,+6Lil—>Li, Te+2Li,O —-555.9615 1 Sb,0;+6Li—2Sb+3Li,0 —322.6604 1
SnO,+4Li—>Sn+2Li,0 -282.8213 1
CdO+2Li—~>Cd+Li,O -311.735 1 SnO+2Li—Sn+Li,O —283.6903 1
MoO,+4Li—>Mo+2Li,0 —267.294 1 TcO,t4Li—>Te+2Li,0 —343.7418 1
MoO;+6Li—>Mo+3Li,0 ~306.4452 1 ZrO,+4Li—>Zr+2Li,0 ~16.1585 1
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Fig. 1. Reaction Gibbs energy of uranium oxides with temperature.
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Fig. 3. Reaction Gibbs energy of TRU oxides with temperature.
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Table 4. Spent fuel elements distribution after electrolytic reduction

o4
100
SrO + 2LiCl = SrClz + Li2O
0 -
‘Oo-0o.oo.o'..ootc.0.0..00...-.00000'0.’
BaO + 2LiCl = BaClz + Li2O
-100
©
£
o
S -200 -
=
O Rb20 + 2LiCl = 2RbCl + Li2O
g ¥ 3
-300 - Cs20 + 2LiCl = 2CsCl + L0
-400 B .............‘.'.....0..................
RbO: + 3Li + LiCl = RbCl + 2Li2O
500 I I | | | 1 I

550 600 650 700 750 800 850 900 950

Temperature (°C)

Fig. 4. Reaction Gibbs energy of alkali and alkai-earth oxides with
temperature.
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. Radioactivity Heat load
Phase Mass fraction (%) - - -
Fraction (%) Per mass (Ci/g) Fraction (%) Per mass (W/g)
Solid 98.02 39.14 0.26 55.12 1.2x1073
Liquid 1.0 59.65 38.48 44.37 9.5x1072
Gas 0.98 1.21 1.21 0.51 1.1x1073
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