95414 55 4 ¥ ot w5 e 4 otk Vol. 41 No. 4
20194F 8 A Journal of Nuclear and Radiochemistry Aug. 2019

BFREFEsERNZBBFNBELITE

TEHE L EFmO .2 2000 ot B R D

Lo EREBE AU ETR ST . HR 22 M 73000052, 22 K% BB S EORSFBE . HR 2 7300005
3. Bl B R BB S EORZERE AEAT 10000054, AP [ BL 2 WY BF T BE B AG L AR BTSE B L Al LT 3610215
5. TR S BEAT IRA )T R 518000

WE :NZ B SR B 00 R Ch 2D & S Z 08P AE DR B0 R R S s A0 3R . R FH SO ML B 1
VOR35S = BRORL HR B R - T R Ll SR AR R L B AR W LT R B AR L SE B AR 22 R4
BT RIER A A B RE R IR N E B . DL 2-Z RO R -2- 2 £ 2 TR (P50 R 40T
FE 0 Al R R S R S AR RS L LA 1T -3 R DR A S Rl R 3R ([ Comim ][ PFs D AT 1-T -3 Y ek ms
X = A e s ok 0 e i (CCamim LT ND W B W AR AR R R 0 o5 — A AR B T e B 6+
AL B Sk, SRR RIE B R R E IR AW PRI G Nd & & DU R B g mmiag . 53
Sh M RAE TR L ICER S Us O 43 A A ek RIE G W H#AT TR 840 B 090 R IAEAR ) 55 00 T o i ik R
A IR M4 B R B M KBRS W S 0 B — ARG . TR AL B R
WHLHF R T LA BR . R IRIT AR R 5T Nd 9 L BRRA % 80 L 1=,

KR AL Z BB T TR TR B AR

hESES TL24 XEARER A X EHS:0253-9950(2019)04-0378-08

doi:10. 7538/hhx. 2019. 41. 04. 0378

Separation of Rare Earth Elements From Simulated Spent Fuels

by Flotation Process Using lonic Liquid

WANG Jie-ru" *?, FAN Fang-li""* *, QIN Zhi""* *, YANG Fan', LIU Zhe’, ZHOU Tong’

1. Institute of Modern Physics, Chinese Academy of Sciences, L.anzhou 730000, China;
2. School of Nuclear Science and Technology. Lanzhou University, Lanzhou 730000, China;
3. School of Nuclear Science and Technology., University of Chinese Academy of Sciences, Beijing 100000, China;
4, Xiamen Institute of Rare Earth Materials, Haixi Institute, Chinese Academy of Sciences, Xiamen 361021, China;

5. China Nuclear Power Technology Research Institute Co., Ltd., Shenzhen 518000, China

Abstract: Effective separation of rare earth elements(REs, neutron poisons) from spent nu-
clear fuels is the key step in recycle of spent nuclear fuel. In the present study, the organic

two-phase with ionic liquid used for the flotation separation of rare earths from simulated
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spent fuels was provided firstly. U, O and rare earths oxide will not be dissolved in these lig-

uids during the flotation process. The flotation system contain kerosene (oleic acid) as an
diluent, P507 as collector, [ C,mim][ PF;] and [ C,mim ][ Tf,N7]. The optimal experimental

condition of flotation separation was obtained. Rare earths oxide will be removed from the

mixture and the amount will be minimized after several flotation cycles. It was found that the

density of rare earth oxide(REQO) had important influence on the ratio of REs removal from

the mixture. Based on above, the flotation separation using one stage flotation machine was

also conducted. The results show that the ratio of Nd removal can reach more than 80%.

Key words: simulated spent nuclear fuels; rare earth elements; flotation separation; ionic

liquid
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from simulated spent nuclear fuel(SIMFUEL)
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Fig. 3 Schematic diagram of flotation system
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Fig. 4 Determination of standard curve

of U and Nd by using binary ratio XRF method
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Gdy O 7.41 Luy Os 9.42

2.3 FENMBERLR

N T KR L TR R R 0 T8 ] S R IR
BN ARG Nd & H A U, O 1 Nd, O 1RA
WIEAT T 2R IE I 17k 25 R AR 4. HE A4
AJAL: AE PRI BLAY 43 B 5250 v, N [R]AE AT DA 40
ZARR AT A B IR A Nd RO
TR B ORI s 0t = WIF kB R IR &R
X Nd BB R ¥k 80% A F. 24 w, (Nd) =
15 26 ZE A7 I S AE VR SEAILBE AL S50 v, =k oy B e &
B B RT3k 80 %6 . FH UGAIE A L 76 77 e ad AR b, 8
A B — R B B

Dy

T

:
}S}}E

0.1 1

d/pm

10 100 0.1 1 10 100

d/pm d/pm

B9 i A B R AR o A
Fig. 9 Size distribution of REO



384 A= S5 ALk
F 4 AP Nd & X 55 B AR
Table 4 Effect of initial content of Nd on flotation separation %
— W W =W
wo (Nd)
w(Nd) N w(Nd) ENUES w(Nd) Kb
15.8 5.02 68. 2 2.03 88. 2 1. 56 90. 1
9.89 3. 56 64.1 2.26 77.1 1. 48 85.1
7.23 3.03 58.1 1.76 75.7 1.12 84.5
titioning: a review[J]. Solv Extra Ion Exch, 2001,
3 zél: i/k\' 19(3) . 357-390.
BT Z R TR R 9T 2 4 55X A 06 B X [6] Muller J] M, Galley S'S, Albrecht-Schmitt T E, et al.
L VR R AT HUAR A R I HUAR -+ B T Characterization of lanthanide complexes with bis-1,
PRARD TR 4 8 2 AR IO TG + 0 . BT o e D B e e
TSR U, O 5 Nd, Oy YA K HA REO 85 5 lallzs)::ll:;paranon I T
1. TR 64T T PR AL 200 R S 5 L 45 2 4 [7] Ansari S A, Pathak P. Mohapatra P K. et al
T4, Aqueous partitioning of minor actinides by different
(1) A P507 i) BF 58 1 A Al 9 4k Nd processes[J]. Sep Purif Rev, 2011, 40; 43-76.
B X BB Z SRR R L SRR W] B (8] Leoncini A, Huskens J, Verboom W. Ligands for
A Nd WG RGN e o) B AR B L O B f-clement extraction used in the nuclear fuel
Zoid ANRIF R G, I &% Nd B9 2 0] cycle[J]. Chem Soc Rev, 2017, 46 7229-7232.
K 50UNES. [9] Panak P J, Geist A. Complexation and extraction of
(2) I T AR 84S U0, RS trivalent actinides and lanthanides by triazinylpyri-
4 VR T 4 B L 4 SR 2 ] L B B - AL R dine N donor ligands[J]. Chem Rev, 2013, 113:
FY 18K 26 T 3R 0 2 i ) B R ez N
Ve bk 2 AR 90 2 0 PRk e ) B 5 1K B %) Nd [10] ﬂ%m zkﬁz%‘ﬂ?*{ffa&iﬁ#wkﬁhnﬁJ%[J]. Btk
. 2 5 Ak, 2009, 31 (SuppD) : 35-44.
Hy B ik 006 i A [11] Herrmann S. Pilot-scale equipment development for
(3) 1T L5 5 2 R 2R W 0 vl LAWY A 2 pyrochemical treatment of spent oxide fuel[C].
WA IR O) B L A (BT = U i Global 99 Tnternational Conference on Future Nucle-
GrEJE AR R X N [ L BRA A H5 800 L I ar Systems, Argonne National Lab., IL(US),
R U HIUAH B WK 7 2 1A & T LUK 1999.
LU MR Z AR R BEAT 3 nT Oy Z B [12] Cuil L. Hope G A. Buckley A N. Spectroscopic
LTI ERN S EIR S E, investigation of the interaction of hydroxamate with
bastnaesite( cerium) and rare earth oxides[J]. Miner
S 2 3Tk - Eng, 2012, 36-38: 91-99.
[1] Eyre B L. Power generation for the twenty first [13] Fuerstenau P D W. The role of inorganic and
century: what role for nuclear? [J]. Nucl Energ] organic-reagents in the flotation separation of rare-
Br Nucl, 1998, 37(1): 59-72. earth ores[ ]J]. Int J Miner Process, 1991, 32(1-2) .
(2] IG5 1] 5 S A% AR ORH A8 0 B AR & i 0 11y — s 1-22.
BT, B2 50042, 2006, 28(1) : 1-10. [14] RenJ, Song S X, LopezValdivieso A, et al. Selective
(3] kAR, P4, = OB S A BEIE B T2 5 AR Sl flotation of bastnaesite from monazite in rare earth con-
W BRI T ]. k22 5k 8t k2%, 2015,37(5) . centrates using potassium alum as depressant[J]. Int J
266-275. Miner Process, 2000, 59(3) . 237-245.
(4] ZE3cte, 1. R ok S vk A% 22 48 GE ADS 8 78 & [15] Jordens A, Marion C, Kuzmina O, et al. Surface chem-
1], P ER RS T .2012,27(3) :375-381. istry considerations in the flotation of bastnasite[]J].
[5] Mathur J N, Murali M' S, Nash K L. Actinide par- Miner Eng, 2014, 66-68; 119-129.



554401 FVEU B R SR Z AR P IR TR 385
[16] Nagaraj D. The chemistry and application of chelating Metallurgical Transactions, 1972, 3 (10): 2639-
or complexing agents in minerals separations| M ] // 2648.
Reagents in Mineral Technology. New York: Mar- [21] Visser A E, Rogers R D. Room-temperature ionic

[17]

[18]

[19]

[20]

cel Dekker, Inc., 1987 257-334.

J iz B K ). B B R R T R L S AL
R LT b AR 2 4. 1990.8(3) : 261-264.
Kubota F, Goto M, Nakashio F. Extraction of rare-
earth-metals with 2-ethylhexyl phosphonic acid
mono-2-ethylhexyl ester in the presence of diethyle-
aqueous-phase[ ] .
Solv Extra Ton Exch, 1993, 11(3). 437-453.

R NG £ AR AR 2- R T R R R B (2-
CHECHOBRAEM R LR WA ELT] P EB A,
1981,5:565-573.

Ioannou T K, Smutz M, Bautista R G. Single and

netriaminepentaacetic acid in

multicomponent equilibrium data for the extraction
of SmCl;, NdCl;, and CeCl; in acidic chloride solu-
tions with di-( 2-ethylhexyl) phosphoric acid[]J].

[22]

[23]

[24]

liquids: new solvents for {-element separations and
associated solution chemistry[J]. ] Solid State
Chem, 2003, 171(1-2): 109-113.

Nakashima K, Kubota F, Maruyama T, et al. Fea-
sibility of ionic liquids as alternative separation
media for industrial solvent extraction processes[ ] ].
Ind Eng Ion Res, 2005, 44(12) . 4368-4372.
{22 7 v R N I e R LN NP R Ty
B HAE Z BB AL B i B AT SR LT ). B fk s 5
TG4 27,.2015,37(5) :286-309.

Yoon S J, Lee ] G, Tajima H. et al. Extraction of
lanthanide ions from aqueous solution by bis(2-eth-
ylhexyl ) phosphoric acid with
ionic liquids[J]. J Ind Eng Chem, 2010, 16 (3).
350-354.

room-temperature





