J. of the Korean Radioactive Waste Society
Vol.8(1), P.57-63, Mar. 2010.

Reuse Technology of LiCl Salt Waste Generated from Electrolytic Reduction
Process of Spent Oxide Fuel

AT LT LiCl FH71E AY71e

Yung-Zun Cho?), Jin-Seok Jung, Han-Soo Lee and In-Tae Kim
Korea Atomic Energy Research Institute, 1045 Daedeok-daero, Yuseong-gu, Daejeon

ZEEY, FAA, o3, AU
FIUNHATY, AHFAN AT DR 1045

(Received December 18, 2009 / Revised March 24, 2010 / Approved March 29, 2010)
Abstract

Layer crystallization process was tested for the separation(or concentration) of cesium and strontium fission
products in a LiCl waste salt generated from an electrolytic reduction process of a spent oxide fuel. In a aystallization
process, impurities (CsCl and SrCl,) are concentrated in a small fraction of the LiCl salt by the solubility difference
between the melt phase and the crystal phase. Based on the phase diagram of LiCl-CsCl-SrCl, system, the separation
possibility by using crystallization was determined and the molten salt temperature profile during layer crystallization
operation was predicted by using mathematical calculation. In the layer crystallization process, the crystal growth rate
strongly affects the crystal structure and therefore the separation efficiency. In the conditions of about 20-25 I/min
cooling air flow rate and less than 0.2 g/min/cm? crystal flux, the separation efficiency of both CsCl and SrCl, showed
about 90 % by the layer crystallization process, assuming a LiCl salt reuse rate of 90 wit%.
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Fig. 1. Schematic diagram of experimental apparatus(layer
crystallizer}.
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Fig. 2. Solid-liquid phase diagram of the LiCl-CsCl-SrCl, system.
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Fig. 5. Effect of crystal flux the separation efficiency in the layer
crystallization process.




J. Kor. Rad. Waste Soc.

A #E1
- .2
os|* ?E's
=
~ 0.6
&
o
B b e e e e iy
S |
g 0.4
Q
4
[&]
0.2
® )
- o S - A}Q}‘»’ -
0.0 KR AT -
0.0 0.2 04 0.8 0.8 1.0
Crystat fraction, {-]
(a) CsCl case
1.0
A HEA :
e
ol » %ES

=
2 06
=
o : :
= [
g .
£ ; :
-t 04 : :
] : :
0.2
p [ Y
) : 2 /‘
LA ‘//.
0.0 AN
0.0 0.2 04 06 0.8 10

Crystat fraction, {-]
(b) $1Cl, case

Fig. 6. Cs and Sr separation efficiency by using layer crystallization
process

2 80%2] AAZIFEAM AL 5 AU
.3 &

ARANA TS AT AT FolRFH AN TS}
E guNE 5 Asgd TN wAsy agddel
V& #&S FEela e Licl 4EEe) Al g
ATE FYAT & ATelME AEAs S o
3ke] Licl GHA7IEW] ZiEY] Qe Cs B Sr& 2T
LiCl 2§44 Bel/s&sna skt 2= & LiCl-
CsCl-SrCLA| 9] WIS B AA3HE 53 Cs & 5re
TEE MR & F e A Ade T
8 Aet A3t FAF LiCl 2499 SEEEE =3}
o theFE el ARA(RER @ Y43I)RE5) ¢ s
ARE A48 5 s AP A A AA S 0]6-o] Licl
A7 8-S Aesde A 90%e] AsleEd B¢ 80%

62~

Vol. 8(1), p.57-63, Mar. 2010.

o AFEYERG 80%2] FIF&Y A= 90% o]
= dFEass AP4eR 48 7 e FF 7
&2 A7E 3 A 21(&F AT e ¥4
FEUEE)E EEste] 48 FRIUE 2 LClE A
A& WPEH VIE HFAA 58S e F US AL
2 ddEn,

2~
T

a9 2

B AFe agErlere] AT geR
YHAFT

o4

124

(1] J. H. Yoo, K, P, Hong and H. S. Lee, "A

Conceptual Design Study for a Spent Fuel

Pyroprocessing Facility of a Demonstration Scale”,

J. Korean Radioactive Waste Society, 6(3). pp.

233-244 (2008).

[2] J. K. Kim, K. R. Kim, I. T. Kim, D. H. Ahn and
H. S. Lee, "Thermal Release of LiCl Waste Salt
from Pyroprocessing’, J. Korean Radioactive waste
Society, 7(2), pp. 7378 (2009).

R. Hagiwara, and Y. Ito,
“Precipitation of Rare Earth Compounds in LiCl-
KCl Eutectic,” J. Electrochem. Soc., 142(7), pp.
2174-2178 (1995).

(4] M. F. Simpson, T. S. Yoo, R. W. Benedict, S.

Phongikaroon, S. Frank, P. Sachdev and K.

Hartman, “Strategic Minimization of High Level

Y. Katayama,

Waste From Pyroprocessing of Spent Nuclear
Fuel,” Proc. GLOBAL2007, pp. 1394~1397 (2007).
H, C., Eun, H. C. Yang, H. S, Lee and I. T. Kim,
"Thermal Behavior of PrCl3 in an Oxidizing
Condition", J. Korean Radioactive Waste Society,
7(4). pp. 207212 (2009).

K. J. Kim and J. Ulrich, " Impurity Distribution in
a Solid-Liquid Interface During Static Layer

(6]

Crystallization”, J. Colloid and Interface Science,
252, pp. 161-168 (2002).

S. R. Kang, J. Y. Koh, C, U, Kim and S, J, Park,
"Effects of Cooling and Crystallizer Type on the



Reuse Technology of LiCl Salt Waste Generated from Electrolytic reduction Proce

Separation of Naphthalene Mixture by Layer Melt
Crystallization", Clean Technology, 13(1), pp. 72-78
(2007).

[8] C. W. Bale, P. Chartrand, S. A. Degterov, G.
Eriksson, K. Hack, R. Ben Mahfoud, J. Melancon,
A. D. Pelton and S. Petersen, 'Factsage
Thermochemical Software and Database”, Calphad,
26(2), pp. 189-228 (2002).

[9] J. P. Holmann, Heat Transfer, 7th ed., pp. 115—
118, McGRAW-HILL, New York (1992),

[10] K. J. Kim, K. M. Kim, H. Y. Lee and J. K. Kim,
"Purification of Caprolactam Crystals by Sweating
Operation in Layer Melt Crystallization”, J. Korean
Ind. Eng. Chem., 13(5), pp. 428-433 (2002).

[11] A, Konig and A. Schreier, "Purification Potential
of Melt Crystallization”, Powder Technol., 121, pp.
88-92 (2001).

[12] A. Chianese and N. Santilli, "Modelling of the
Solid Layer Growth from Melt Crystallization—the
Integral Formulation Approach’, Chem. Eng. Sci.,
53(1), pp. 107-111 (1998).

[13] R. Scholz, K. Wangnick and J, Ulrich, "On the
Distribution and Movement of Impurities in
Crystalline Layers in Melt Crystallization Process’,
J. Phys., 26, pp. B156-B161 (1993).

(14) G. J. Janz, C. B. Allen, N, P, Bansal, R, M.
Murphy and R.P.T. Tomkins. Physical Properties
Data Compilations Relevant to Energy Storage,
National Standard Reference Data System,
NSRDS-NBS-61 (1979).

-



