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Separation of rare earth fission products from LiF-BeF, molten salt by sulfide precipitation
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Abstract  [Background] The separation and removal of fission products and the recovery of carrier molten salt
during nuclear fuel reprocessing in molten salt reactors reduces waste and facilitates useful substance recycling.
[Purpose] This study aims to separate and remove the rare earth (RE) fission products and recovery of carrier molten
salts. [Methods] Firstly, high temperature precipitation reactions of rare earth (RE = Ce, Nd, Sm, Eu, Y, Yb) and
thorium fluorides were studied in LiF-BeF, melt using sodium sulfide hydate (Na,S-5H,0) as the precipitant. Their
removal ratios were subsequently compared under different conditions. Then, a combined precipitation distillation

method was employed to further heat the precipitated mixed salt to 950 °C and distilled under vacuum conditions at a
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pressure of 10 Pa for 20 min. The content and removal ratio of rare earth Nd, as well as contents of oxygen and

sulfur, in condensed collected salts were investigated after using above improved precipitation-distillation processing.

Finally, further analysis of the composition of sediment was conducted using X-ray Diffraction (XRD), X-ray

Photoelectron Spectroscopy (XPS) and Energy Dispersive Spectrometer (EDS). [Results] The results demonstrate

that RE removal ratios are less than 90% when the RE to precipitant ratio is 1:2 at 600 °C whilst the RE Nd content in

the salt collected by condensation is reduced to 1.39x10™* g+ g™, and its removal ratio is increased to 99.6% with

further improved precipitation-distillation processing. Simultaneously, the oxygen and sulfur contents are

8.5x107° g- g and 1.50x10™* g+ g, respectively. Analysis results of XRD, XPS and EDS indicate that the sediment

mainly consists of RE sulfide and sulfur oxide. [Conclusions] This study confirms the feasibility of separating RE

from waste salt using the sulfide precipitation method and that over 99% RE separation efficiency can be achieved

using precipitation-distillation combined treatment. Therefore, this provides a reference method for purifying waste

salt and realizing molten salt reuse.
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190 °CRIE 1 h, FEFHE % 300 °CRR LKA, 4k THE
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() (©

Bl 1 LiF-BeF, fll REF,-LiF-BeF, (19 &5 £k B A CRE IR LI 28 i)
(a) LiF-BeF,, (b) NdF,-LiF-BeF,, (c) CeF,-LiF-BeF,, (d) SmF,-LiF-BeF,, (¢) YbF,-LiF-BeF,
Fig.1 LiF-BeF, and REF,-LiF-BeF, mixed molten salts (color online)
(a) LiF-BeF,, (b) NdF,-LiF-BeF,, (c) CeF,-LiF-BeF,, (d) SmF,-LiF-BeF,, (e) YbF,-LiF-BeF,
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NIZUTED 53 AT S b
1.2.4  FESAHT

RE™ ¥R FE I 52 « A 5 (AT ACBE S I SCR 16 ],
VEE T R & K B J5 1 REF,-LiF-BeF, £ 0.05 g, il A
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2SmF, + 3Na,S = Sm,S, + 6NaF 4)
2YDF, + 3Na,S =YDb,S, + 6NaF (5)
2YF,+ 3Na,S =Y,S, + 6NaF (6)
2EuF,+ 3Na,S = 2EuS + 6NaF + S (7)
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P ENdF, 5 Na,S K M i &2 Lo 213,k
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| / -

400 500 600 700 800 900
Temperature / °C

[El2 REF,5 Na,S /¢ [ A i 5 g s &
Fig.2 Gibbs free energy (A,G,) change of REF,-Na,S reaction
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Na,S* 5H,0 J Ji& SLEG 7L -
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F 5 KO B 4 )N 81.64%- 81.4%- 83.32% Al
81.52%, T S AL A Z5 F I FEE T 4 1) 25 B R 52 1)
R, ik 90% LA MY, R W82 E] 500 °C R,
NS VR A E N 2 FUIR, DU D 5 1T 700 °C
I, 35 S AR SR EE R AE R4S . 600 °CTF 3 IRITTE R
IS B T4 ST 6y B B0 4 LA 5 R I S 2 4 600 °CAE
NN R -

100

951 | ﬂ
90 | -
|~ i

85

Removal Ratio R / %

80 |

75

560 600 640 680 720
Temperature / °C

3 NdF,:Na,S-5SH,0 &y 128, AFEE N RS h
&R
Fig.3 Removal ratios when the ratio of NdF, to Na,S+5H,0
content is 1:2 under different temperatures for 5 h
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Wi T NI G, 4R R R K A Na,S & &
X H L B AL . 7F Na,S - SH,0: NdF, [ B /R
E A4 A 1010150120 1.3 0 1 I ELE Ve s Nd 11
ZBREe. BN SLIRIAEAR R 2 A T I 3 P AT 8K
B, oy W el BN 3 AT S e, S5 R AR 1,
25 2R A DOUE R B A = 0 B s, HIR T
90%. [ | ICP-OES il & 1 L2 i S e & Y

W RE, ST & B M 4.03x10% g - g b TF 5 2.45%
10° g g S IASF O EM E A5 2.56%107 g- g '
SE R RSB R, 75 A e A T
EVBRIARE, FREZWmAMEAE® L2
¥k . Kk, £ 600 °C, REF,: Na,S - SH,0 /K LA
122 B 264 T SUR M M6, R FUA R RE 1 22 B
R,

%1 7A[EINa,S-5H,0 227600 °CRHERE  ERHEE B

Table 1 Removal ratios, oxygen and sulfur content for various Na,S-5H,0 contents at 600 °C

Na,S - 5H,0:NdF, EERHFR AT o i
Removal ratio R / % Oxygen content / 10° g-g™' Sulphur content / 10° g+ g™
1:1 72.3 1120 403
1571 78.9 1830 1160
2:1 81.4 2119 1275
311 88.9 2 560 2450

223 Wit EBRFELE

B BRI, 7E 600 °C, 7 H ALY S UTTE
AL 12 B, B 1 25 BR % . 5 NdF, ¥t
e N AHIL, 5 F CeF,+SmF,.EuF,. YbF, ] LiF-BeF,

(@ (b)

= (B

R & o A N K& Bkl , 600 °C R M. 5 h A TR
GBS EM G ME 4R, FERERSATE
Yy, LR A

. D
© (d)

4 600 °C, A FH L AP TIRE NS R G BRI A
(a) NdF,, (b) CeF,,(c) SmF,,(d) YbF,
Fig.4 Photograph of Salt after adding Na,S-5H,O to REF,-LiF-BeF, at 600 °C
(a) NdF,, (b) CeF,, (c) SmF,, (d) YbF,

Xt b2 SR REAT B BEAIE IR L R R ICP-OES
I3 HT RE™ IR L, #E — 0 tH B L R R (R, » 46

R 2 iR LA TR LR R R
60%~85%  BE TSI R F #7110 2B 2.

2 600 °C, REF,:Na,S-5H,0 Jy 1:2 B i0#E - T E LR
Table 2 Removal ratios of RE with REF,:Na,S-5H,0 =1:2 at 600 °C

i LA RE* A E RE* concentration in salt / %(w/w) EERER

Sample J% % Hif Before reaction S i J5 After reaction Removal ratio R / %
NdF -LiF-BeF, 2.151 0398 1 814

CeF,-LiF-BeF, 1.541 0.3380 78.0
SmF,-LiF-BeF, 2.501 0.996 2 60.1

EuF,-LiF-BeF, 2.052 0.2715 86.2

YF,-LiF-BeF, 1.197 3 0.347 1 71.0

YbF,-LiF-BeF, 1.296 6 0.491 0 62.2

23 TURYMIBIRIE
HMHI XRD 73 HriC e it , t1 T A Eh 0k 2
) BRI AR T A R B SR AR A R

UEJEETE 21.5°F SR I AT S 0, D T8 T4 A, 45 B 3
JEL AR AT Gt A S AR AT B o AT S AT DU HE , D
VI R N A% B T 38.3°.35.7°.40.7° 1) Li,BeF,
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RFAEAT 5 06 , 308 W00 %2 30 H R AL P AN AR SE AL M O T
W&, Li,BeF, M7 7E /& B T Li,BeF, KA MK, X
LM UTIEYI T 584520 B . 24 NdF,-LiF-BeF, {& & fi
F 7K & B Ak 8 7R S DT e 71, W82 31 32.7°.36.5°
38.5°.40.3°.57.1° Nd,S, [ RHIEAT 06, 27.1°.31.4°
74.5° NdS [R5 AE T 95 06, P JZ 26.6° . 38.4°,69.1°
Nd,0,S FIRFAERT 30, 4 141 5 () Fio R B 7E J 3k
WRT, 08 T5SETFHAMFEIER.

9T A M TG E R LiF-BeF, 40 J& 1 520 , 341
K Leco B A & & MG & T /a3 A& &,

SRR3R IMNFALH 12 7, LiF-BeF, £k
(KA BN 3.60x107 g- g™, TN AL VR A 1
Al AT R, 4R TRNESEYTI R
A T A R v B A D R AR (R n AR sk
T AR AT 38 G A ER S R 5l N T D& O R SmF,-
LiF-BeF, #F , R =M A RO & &AM A
Na,S-5SH,0 G4 —f%. MR 3IHFRFEUIEH,
AR LR T O FBUEFEE A, i Smot &
S} O JCRBHHUR, O & e i k.

(2) N o NdS
5 * Nd,0,8
. v Nd,S;
v. * Li,BeF,
v

v nf ,v;

4 (3¢
o] Sofete | .

(b) % Vv CeS,
« Ce,S;
¢ Ce,0,S,

* * Li,BeF 4

10 20 30 40 50 60 70 80 90 10 20 30 40 50 60 70 80 90

20/ () 20/ ()
*
(O] . + SmyS; (d) x ¢ EuzSy
v Sm,y0S, © Eus
. * Li,BeF, v En0,8
v * Li,BeFy
*
*
v
*
*’; & . 2
oY ¢ ol$

10 20 30 40 50 60 70 80 90
20/ ()

10 20 30 40 S0 60 70 80 90
20/ ()

5 REF,-LiF-BeF, F 1A\ Na,S - SH,0 J5 JTHE 1K XRD i
(a) NdF,, (b) CeF,, (c) SmF,,(d) EuF,
Fig.5 XRD patterns of the precipitates after adding Na,S-5H,O to REF-LiF-BeF,
(a) NdF,, (b) CeF,, (c) SmF,, (d) EuF,

6 NUTTEPI TS, ] LA t, NdF, 1 SmF,
TEDUVE R L5 5 43 B AS B BSCIR 7= 9 5 RSF 2 6~
8 um. HEM PR AT B T S AL Sh B
DUVE = WAE 5 28 P 15 R AR T S AL I 4 301K, O
VEPIFE AR B LA . TR A B, SR
PR FE IR R 7 30, & S EOL R, LGRS
F e TS I

t—20 F EDS H# D3, s Hriiie Ywe i &
M TG ZE R3S, L EuF,-LiF-BeF, /& & 72 4 UL iE
Yo, 8L B 5 I & 4 B G &K EuaNa. F. S IS
SCED, BTV R > B4, A2 M E IR G
Y. HoAth =Fh# £ 70 % Nd.Sm. Ce, JTIE B & 7~
VI EDS 3 H7 tH B I 1 08 %52 21375 B 2 IR 1) RE W Na
F.SHI{E5, X 5 XRD P o Wi 2 1] Li,BeF, Al £ i
Hs L BRI T S 0 A — B

®3 RNAIGHERETHNESE

Table 3 Oxygen content in molten salt before and after

reaction
R AoE
Sample Oxygen content/ 10° g- g™
LiF-BeF, 360
CeF -LiF-BeF, 974
CeF,-LiF-BeF,Na,S-5H,0 1621
NdF,-LiF-BeF, 1093
NdF -LiF-BeF,-Na,S-5H,0 2 119
SmF -LiF-BeF, 625
SmF -LiF-BeF,-Na,S+SH,0 2 113
EuF,-LiF-BeF, 985
EuF,-LiF-BeF,-Na,S-5H,0 2095
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6 NdF, (a).SmF, (b)-LiF-BeF, & & # I Na,S-5H,0 5 JLiE ¥ 1 SEM I+
Fig.6 SEM images of the precipitates after adding Na,S-5H,O to NdF, (a), SmF, (b)-LiF-BeF, molten salt
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Fig.7 EDS images of precipitates after adding Na,S-5H,0O to EuF,-LiF-BeF, molten salt
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