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Extraction Mechanism and Selectivity of UO,(NO:), in
Tributylphosphine Oxide-lonic Liquid System

LIU Hai-Wang SHEN Xing-Hai" CHEN Qing-De

(Beijing National Laboratory for Molecular Sciences, Fundamental Science on Radiochemistry and Radiation Chemistry
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Abstract: The extraction of UO,(NO:;). from aqueous solution was investigated using trioctylphosphine oxide
(TOPO) and tributylphosphine oxide (TBPO) in ionic liquids (ILs) (C.mimNTf,, n=2, 4, 6, 8). A third phase was
formed in the TOPO-C.mimNTf, and TOPO-C.mimNTf, extraction systems, whereas the extracted species of
TBPO-C.mimNTf, (n=2, 4, 6, 8) were well soluble in all ILs. The influence of the concentrations of the extractant,
nitric acid, and salt on the extraction efficiency was also investigated. Adding HNO; to the aqueous phase
decreased the extraction efficiency. The effect of salt indicates the presence of a cation-exchange mechanism
in the extraction. The addition of NO; in the aqueous phase increased the extraction efficiency of U, which
indicates that NO; participates in the extraction. Selective extraction research indicates that TBPO-C.mimNTf,
exhibits good selectivity for U at low acid concentration despite the significant extraction efficiency on Zr at high
acid concentration. After removing U, TBPO-CsmimNTf; still showed high selectivity for Nd at low acid
concentration. We also confirmed the difference of the extraction mechanisms among TBPO-C,mimNTf, by
quantitative measurement of NNOs in ILs, electrospray ionization mass spectroscopy (ESI-MS), and UV
spectroscopy. There are two extraction species (UO,(TBPO);(NOs)* and UO,(TBPQ)3*) and the proportion of
UO,(TBPO);(NOs)" increases from C.mimNTf, to CemimNT,.
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Table 1 Compositions of simulated liquid waste (SLW)
used in the selective extraction experiment of UQ}™"

Element C/(g-dm™) Element Cl(g-dm™)
Sr 0.54 Ru 0.38
Cs 0.54 Ni 0.17
Zr 0.68 Nd 1.00
Cr 0.34 U 2.38
Re 0.15
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Table 2 Concentrations of UO}" in aqueous and ionic liquid (IL) phases, and the phenomena of the third phase
formation after extracting 10 mmol- L™ UO»(NO;); by 50 mmol-L™' TOPO and TBPO in C,mimNTf, (n=2, 4, 6, 8)

C(UOY)/(mmol L™

Extraction system

Phenomenon

aqueous phase IL phase
TOPO-C,mimNTf, 0 0 a yellow third phase at the two-phase interphase
TOPO-C;mimNTf, 0 0.06 a yellow third phase at the two-phase interphase
TOPO-CsmimNTf, 0 8.40 IL phase is yellow, no third phase at the two-phase interphase
TOPO-CsmimNTf, 0.30 8.87 IL phase is yellow, no third phase at the two-phase interphase
TBPO-C.mimNTf, 0 9.21 IL phase is yellow, no third phase at the two-phase interphase
TBPO-CsmimNTf, 0 8.99 IL phase is yellow, no third phase at the two-phase interphase
TBPO-ComimNTf, 0.21 8.56 IL phase is yellow, no third phase at the two-phase interphase
TBPO-CsmimNTf, 0.75 8.27 IL phase is yellow, no third phase at the two-phase interphase

TOPO: trioctylphosphine oxide, TBPO: tributylphosphine oxide
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of ESI-MS in the case of C;mimNTf; (e)
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Table 3 Peak positions associated in the ESI-MS of IL
phase after extracting 40 mmol- L' UO.(NO). by 200
mmol- L~ TBPO-C,mimNTf, (n=2, 4, 6, 8)

IL Species m/z
ComimNTf, [UO,(TBPO); +NT£ ] 1204.5
UO,(TBPO)y(NO»)" 986.6

UO,(TBPO),(NO»)' 768.4

[2C;mim +NTf ] 502.1

[2TBPO+H]" 437.4

NTf; 279.9
CimimNTf, [UO(TBPO); +NT£]' 1204.5
UO,(TBPO);(NO;)' 986.6

UO,(TBPO),(NO;)' 768.4

[2Cmim +NTH ] 558.2

[2TBPO+H] 437.4

NTf; 279.9
CemimNTf, [UO(TBPO); +NT£:] 1204.5
UO,(TBPO)y(NOs)" 986.6

UO,(TBPO)y(NOs)' 768.4

[2Cemim +NTf]" 614.2

[2TBPO+H]" 437.4

NTfy 279.9

CsmimNTf UO,(TBPO);(NO»)" 986.6
UO,(TBPO),(NO;)" 768.4

NTf; 279.9

The peak intensity of UO,(TBPO);(NO;)" in CsmimNTf; extraction
system is very high, which results in the disappear of peak of
[2Csmim +NT£ ]
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Fig.8 UV-Vis absorption spectra of IL phase after
extracting 10 mmol- L' UO,(NO;), by TBPO
(40 mmol-L")-C,mimNTf; (n=2, 4, 6, 8)
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