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Simulation of Rare Earth Elements Removal Behavior in TRU Product Using
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The feasibility of rare earth (RE) removal process via oxidation reactions with UCl; was investigated using the HSC Chemistry code
to reduce the concentrations of RE in transuranic (TRU) products. The composition and thermodynamic data of TRU and RE elements
contained in the reference spent fuel were examined. The reactivity was evaluated by calculating equilibrium data considering oxidation
reactions with UCl;. Both RE removal rate and TRU recovery rate were evaluated for the two cases, wherein TRU products with different
RE concentrations were used. When TRU products were reacted with UCl,, selective oxidation was driven by the difference in the Gibbs
free energy of each element. The calculation results imply that the TRU/RE ratio of the final product can be increased by removing RE
elements while maintaining the maximum recovery rate of TRU, which is accomplished by controlling the amount of UCI; injected. Since
the results of this study are based on thermodynamic equilibrium data, there are many limitations to apply to the actual process. However,
it is expected to be used as an important data for the process design to supply the TRU product of pyroprocessing to SFR’s fuel demanding

low RE concentrations.

Keywords: Pyroprocessing, TRU product, RE removal by UCl;, HSC Chemistry

>x<Corresponding Author.
Seungwoo Pack, Korea Atomic Energy Research Institute, E-mail: swpaek@kaeri.re kr, Tel: +82-42-868-8099

ORCID
Seungwoo Paek http://orcid.org/0000-0002-1811-5450 Chang Hwa Lee http://orcid.org/0000-0002-4624-5738
Dalsung Yoon http://orcid.org/0000-0003-4453-9502 Sung-Jai Lee http://orcid.org/0000-0001-7639-1210

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited

JINFCWT Vol.18 No.2 pp.207-215, June 2020 elSSN 2288-5471/ pISSN 1738-18%4 207



Seungwoo Pack et al. :

S E 5 (Rare Earth) $t&Fo] =2 TRU BAE 2] RE % 25X

7 FA ] EFFAS HSC Chemistry ZE2 0] 831] 7
dosty A5 E HESIY o, UCL9te] Ak} uk-g-of

ZRAVY Al g M B4
< H7Fekodth. TRU AR &S AtslAl2l
g0 Yoyttt T E UCL FS 243kl TRU 3%

=
s
z ©

S =

A|Z5H TRU A& 2| RE o
UCLo}F ¥h-g lii%

S 4 Sl A A Aok AR, £ el A5 918 3 Al
48571 e Aol o] £ Teh} TRU B4 AT ofel e &

Simulation of Rare Earth Elements Removal Behavior in TRU Product Using HSC Chemistry Code

o] 2 5 7HA] 7-F-ll thalo] RE 4 A7 &3} TRU 3]

u] Z} 942 Gibbs free energy2] z}o]ol o]l Al =] Als}
&5 AR FASANE RE 448 AlAst] HFHHE ] TRU/

Gige Sy S Reke

7 ellA gho]ZEZZ A4 ] TRU

BA=E 152 HARE T8 A% 54 Al Fo3 A8E &8d Aoz Jdr

Sado]: gol2Z 2 A4, TRU 4%

1. A&
Sehr 45 APRE ABoE
o) 2 F WASHE AT AR oF 95ve] el of
1% W] %2 (TRU, TRansUranium) 94~ 2 4~5%
o AR EE FHE TR 90} G AR
AEFAAR ] HALS AP e o] P 11
v} $ehre] e Aot Hebd A8 T AR ZRE TRU
Aot HE2 A =S Beshd e AVEe] e =2
A 27 5 Qow, BelE TRUS h2elq ik
% ole, 2 TRU €

9% PEel 7% 93 MMoﬂ e
o}

Bgoln des

. 1 S R T
M L oHr o% |
x N oW
T
DU = =
o - 9
o P
fl W
N L
— N
i .
— >,
= ru&
OL
i
2
10
e
dy o
}4
il

i 2 foofd md
korr to
S
HN
do
=
N
il
Sl
24
:Oé
i)
o
do
o
N
>
(o]

shol A4 71%oM TRULAE Seks 5158 9
A AT F5 A AAALTHNN A=
= (LCC, Liquid Cadmium Cathode) & AF&-8}o] Z+7-31
2h @ TRU 927} ) ST S8 1oce) B4
ol3)] S|EFH YA (RE, Rare Earth) &= dX FHkslo] 34
S TRU 54 B0 SRS 1 6
A8 5o 1Al

<
T S1eB 2 TRU JM REGFL 715w

alfe FN

okt do oo b

o

R

tlo i’o‘
P

M
2
N
-

208

&, UCLe 2]t &7 #| 7, HSC Chemistry

T
N

i

IV

T

T

+~— U,

P
11

/- — RECI,

SEna:

() TRU product (U/TRU/RE)

Fig. 1. RE removal process from TRU product via a reaction with UCls.
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Table 1. Standard Gibbs free energy for the formation of chlorides
of the major nuclides in spent fuel calculated using HSC Chemistry
code (773 K)

Chlorides AG (kcal)

UCl, -165.82
NpCl, -173.32
MgCl, -124.20
PuCl, -188.26
CmCl, -183.32
DyCl, -187.20
AmCly -190.08
YCL, -195.31
GdCl;, -194.83
SmCl, -200.30
NdCl, -203.80
CeCl; -206.38
PrCl, -206.98
LaCl, -210.53

Table 2. Gibbs free energy (AG) and equilibrium constant (K) for
the reaction of the major nuclides with UCl; calculated using HSC
Chemistry code (773 K)

Reactions AG (kcal) K
Pu+UCI; = PuCl, +U -22.44 2.21x10°
Am +UCL = AmCl, + U 2425 7.19x106
Cm+UCl;=CmCl;, +U -17.50 8.87x10*
Np + UCL; =NpCL; + U -7.50 1.32x10?
La+UCL=LaCl+U -44.71 4.36x10"
Ce+UCL=CeCL+U -40.56 2.92x10"
Nd + UCl;=NdCl; + U -37.98 5.45x10"
Pr+UCL, =PrCl; +U -41.16 4.33x10"
Dy + UCl, =DyCl, + U -21.37 1.10x10¢
Y+UCL=YCL+U -29.48 2.10x108
Gd +UCL = GdCl, + U -29.01 1.59x10°
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Table 3. Composition of TRU ingot recycled to the system

Simulation of Rare Earth Elements Removal Behavior in TRU Product Using HSC Chemistry Code

Elements TRU/RE=1 TRU/RE=0.2
U 8.6 2.8
TRU 45 14.9
Pu 37.7 12.5
Am 4.4 1.5
Cm 0.5 0.2
RE 46.4 82.3
La 6.5 11.8
Ce 12.3 20.9
Pr 5.6 9.5
Nd 20.4 342
Gd 0.8 1.4
Y 0.7 4.4
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Table 4. Design parameters of LCC for the TRU recovery

Design parameters Amount Unit

Capacity of LCC 20 kg
Metal fraction of LCC 25 wt%
The amount of the recovered metals / LCC 0.5 kg
The number of LCC for distillation process 3 Crucible

The number of TRU ingot produced

after distillation L5 kg

Table 5. The amount of major nuclides in TRU ingot of RE removal
process

Elements Content (g)
U 128.7
Pu 566.2
Am 65.8
Np 353
Cm 7
Y 10.6
La 97.7
Ce 184.9
Pr 84.5
Nd 305.9
Pm 0.7
Gd 124
Tb 02
Dy 0.1
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