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Abstract: As a reactor which can reusing low-abundance 2*°U resources, fast reactor construction is an
important part of China’s three-step nuclear energy process. Due to high burnup and strong irradiation of
the spent fuel oxides of fast reactor, the dry reprocessing method based on molten salt electrolytic refining
has unique advantages such as the ability to handle the widest range of fuel types and higher stability of the
reaction system. Before the electrolytic refining step, the oxide spent fuel needs to be reduced to metal
through electrical or thermal reduction. Thermal reduction requires the use of calcium, lithium, and
magnesium as reducing agents. Compared with other alkali metal reduction process, lithium reduction
process at high temperature has the advantages of simple recovery process, moderate temperature and
lower equipment requirements, it may become the future tendency of thermal reduction. In this paper, the
research progress of lithium high-temperature chemical reduction of spent fuel in dry reprocessing and
compared the characteristics of lithium thermal reduction processes in various countries was investigated.

The mechanism of high-temperature reduction with lithium was deduced based on thermodynamic
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calculation, and the influencing factors of reaction were discussed from the perspective of kinetics. Finally,

the relevant research on the electrolytic recovery of residual salt from thermal reduction was described. The

different reaction routes and technological process of lithium thermal reduction were summarized. The

shortcomings of existing research were summarized, and the trend of lithium thermal reduction in the

future was prospected. It gave a reference for the research of the process flow in China’s dry reprocessing.

Key words: spent fuel; dry reprocessing; lithium thermal reduction; molten salt system
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Fig. 1 Spent fuel electrolytic refining process!>-!
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Table I Comparison of reducing U with different metals
P IR F SRR A ELR IR AR SCHk
Mg 1900 K UF, +2Mg — 2MgF, +U TR R MgF, [12]
Ca 1406 K U0, +2Ca —2Ca0 + U patsTilFES CaCl, [13]
Li 923 K UO, +4Li - 2Li,0+U TeRERIT R LiCl [14]
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Fig.2 Schematic diagram of lithium thermal

reduction reaction!'
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Table 2  Statistics on lithium thermal reduction of spent fuel oxides
EzRia] PSR AL B /g W% A/ (goh ") WAL
UO,-Pu0, LiCl 9850 95 175 ANL[
Uo, LiCI-KCl 4400 ANLPY
U0, LiCl 2322 99 0.03 CRIEPI!'
UO,-Pu0O, LiCl 10 >90 - CRIEPI®!
PuO, LiCl 1.931 100 0.03 CRIEPI!'
UO,-Pu0O, LiCl 9.2 100 0.34 JAEAP?
U0, LiCl 70.741 99.0 - KAERI'
U504 LiCl 5000 98.5 174 RIAR!™
AmO, LiCl 1.08 99.9 0.02 CRIEPI®!
AmO, LiCl 0.066 94 - KAERI!
CmO, LiCl 0.004 100 - KAERI!
La,0; LiCl 1.5~3 29.3 0.06 KAERI®
Pr,04 LiCl 1.5~3 4.9 0.01 KAERI®
Nd,04 LiCl 1.5~3 26.3 0.05 KAERIP*
Sm,0, LiCl 1.5~3 10.4 0.02 KAERI?
Gd,0; LiCl 1.5~3 3.8 0.008 KAERI®
Yb,0; LiCl 1.5~3 5.7 0.011 KAERI®
Lu,04 LiCl 1.5~3 7.5 0.014 KAERIPY
Y,0, LiCl 1.5~3 12.7 0.025 KAERIP
Sc,0; LiCl 1.5~3 5.7 0.011 KAERI®
Zr0O, LiCl 3 100V 0.111 KAERI?!
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Table 3  Gibbs free energy changes and activity of lithium oxide in reaction at 923 K

SN AG /(kJ*mol™") AALER TR w/ %
6Li + U0, =3Li,0 + U ~457.45 1 8.7
16Li + U, 0y = 8Li,O + 3U —893.64 1 8.7
7Li + U, 05 +9LiCl = 8Li,0 + 3UCl, 152.50 8.34x1072 0.66
18Li + U,0, = 9Li,0 + 4U ~524.70 1 8.7
4Li + U0, =2L,0 + U -38.01 1 8.7
Li,UO, +6Li = 4Li,0 + U -376.81 1 8.7
4Li + NpO, = 2Li,0 + Np ~51.46 1 8.7
4Li + PuO, = 2Li,0 + Pu -86.76 1 8.7
Li + PuO, + LiCl = Li,O + PuOCl ~44.10 1 8.7
6Li + Pu,0; = 3Li,0 + 2Pu -29.79 1 8.7
4Li + AmO, = 2L,0 + Am ~191.41 1 8.7
6Li + Am,0; = 3Li,O + 2Am -12.17 1 8.7
6Li + Cm,0; = 3Li,0 + 2Cm ~74.97 1 8.7
6Li + La,0; = 3Li,0 + 2La 81.95 2.84x10°2 0.23
6Li + Ce,0; = 3Li,0 + 2Ce 97.60 1.44x102 0.11
6Li + Nd,0; = 3Li,O + 2Nd 99.97 1.30x10°2 0.10
6Li+Y,0; =3Li,0 +2Y 190.27 2.57x107* 2.04x1073
4Li+ Z10, = 2Li,O + Zr -39.41 1 8.7
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Fig. 3 Ellingham diagram of Li,O and partial actinide oxide(a), partial rare earth oxide(b)!'>)
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Table 4 Solubility of lithium metal in LiCl molten salt
PRSI L C IR % EZ DG
LiCl 640~1000 0.5~2 [40]
LiCl 662~850 0.66~1.22 [34]
LiCI-KC1 450~850 0.083~0.65 [34]
LiCl-(0~4%")Li,0 660 0.66~1.14 [41]
LiCl 650 0.36~0.93% [42]
LiCI-KC1 550~650 0.35~0.75% [42]
LiCl 678 48 [43]
LiCl 650~800 0.238~5.777 [44]
LiCl-(0~2.7%")Li,0 670 0.02~0.57" [45]
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Table 5 Changes in the morphology and reduction rate

of uranium oxides over time!"*)
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Table 6 Solubility of uranium oxides in chloride molten salts
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uo, NaCl-UCl,-UCl, 650 0.1~0.3 ChiottiZ54s]
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e (D) PS4
(O RT A BR
SEARES, AR AR P LU Lkl O MIB UFF e, 0 B 2o K, i IO 45 Wi, e ¢ S0AH 8 ik 10D IR O DR
O2 ¥k & K 4 1 &3 X i it )2 g 7= A i 3 52 ] Li,O FEEE s AR 7,

Sakamura® & #1247 LiCl =40 4 I A B 4 J&8 & 4k
Yyust, Li,O B 75 fife B Bl oo < Jas 1) Jit - o 503 m i
/N CEL8), % T5B 435+ 42 & 40 Ba> iy fin At 23
fdf Li,O ¥ fif FE W& G T R o T R R B Li Ah 043 &8
DL BB 43 B 1 4 J& SR AR ) 1Y AGY L Li,O By B OE,
TG 23 43 O O Jil [ i Li DA T R AR 425 3k vh
O* FasE M o Yl FH AR 4l LiCl /5 by i I s R Ak, #h
T Li,0 ¥ i B3R, i 59 Li,0 SR A 7E 4 -
& @ ALY FE kAT A ST R, 5 BUR v

x(Li,0) /%

20 30 50

x(MCL) /%

10

K18 923 K F LiO ¥ fif B S5 A S AR 19 5 R
Fig. 8 Relationship between the solubility of Li,O and
the types of chloride salts added at 923 K>
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Table 7 Solubility of Li,O in chloride molten salts

IR /T VAR (w) /% E= DTN
LiCl 650~750 8.7~11.9 ANLE®!
LiCL-KCl 500~600 1.5~2.1 ANLB®!
LiCl 600~750 7.53~11.39 UsamiZ§57
LiCI-KCl 400~650 0.708~12 Kado5§58]
LiCI-KClI 650 0.47~11.3 Sakamural®!
LiCl 600~650 9.8~11.5" KovrovZ)
LiCL-KCl 600~650 3.5~74 Kovrov45)
LiCl 650 8.8 Mishra%(¢)
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Table 8 Diffusion coefficient of oxygen ions in chloride molten salts
JEEMA R TAEHR /K w(Li,0)/% 10°D/(cm?s™) E =BT
LiCl Au 923 0.17~0.29 1.12.39 YaoZeh
90%LiCl-10%KCI? Au 923 0.11~0.14 1.5/3.8" Yao&§lo!)
80%LiCl-20%KCI> Au 923 0.11~0.14 3.8/9.6" Yao&§lo!)
70%LiCl-30%KCI? Au 923 0.11~0.14 6.4/14.00 Yao&§lo!)
60%LiCl-40%KCI> Au 923 0.11~0.14 8.5/16.1" Yao&§lo!)
LiCl Pt 923 1.0 0.453 Joseph 2]
LiCl Pt 923 0.22 31.6 Choi&§e3!
LiCl Pt 923 0.1% 40 Sakamural®!
80%LiCl-20%KCI? Pt 923 1.6? 17.2 Mullabaev4F1°)
80%LiCl-20%KCI? NiO 923 0.65? 8.85 MullabaevZ(®]
42%LiCl-58%KCI" Mo 923 1.0 20 S
LiCl 923 3.859 3.289 ParkZ§16¢)
LiCI-KCI-CsClI BDD 773 0.1~0.7? 13 Kado&§e7)
LiCI-KCI-CsCl GC 773 0.1~0.7? 29 Kado%(©7)
LiCI-KCl Pt 723 1.0~4.9Y 4.6 Uchida6%1
LiCI-KCl SnO, 723 49~12.99 4.0 UchidaZ(68)
LiCI-KCl Pt 673 2.4 Kanzaki%F)
LiCI-KCl 713 269 JanzZ57)
LiCI-KCl 753 489 JanzZ517)
LiCI-KCl 783 729 JanzZ57)
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