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Extraction of Technetium and Rhenium with Ionic Liquid
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Abstract The extraction of ReO, and TcO, by ionic liquids (ILs) were investigated systematically. The results
indicated that imidazolium and quaternary ammonium ILs could extract ReO, and TcO, efficiently via anion-
exchange mechanism. Compared with NTf,-based ILs, PF4-based ILs had a higher extraction efficiency towards
ReO, and TcO, . With respect to the ILs with an identical anion, the extraction efficiency increased with the
increase of the chain length of IL’s cations. The addition of HNO; and IL’s anion in aqueous phase decreased the
extraction efficiency, while the increase of the concentration of IL’s cation led to an opposite effect. At a lower
concentration of nitric acid, ReO, ions were selectively extracted by either [Ng 444][NTf,] or [Csmim][PFs] from
simulated liquid waste. KPF¢ and LiNTf, aqueous solutions can strip ReO, effectively from [Cgmim][PF4] and
[N 444][NT1,], respectively.

Key words ionic liquid; ReO4; TcO, ; extraction selectivity; extraction mechanism
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T BRI R AR e T SV B [N aaa ] [INT £ ] F12E HE
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wh [ B 2 B 22 M AL A M BRAF ST BT, 4B T 99% .
KPF, (Aladdin i) NH4ReO, (Aldrich &7 )4l g
B F 99%. PTe DL NH, TcO4 /KW A TE 2
Eckert & Ziegler 2w WA SK . e il #5400 2% W A FH i)
Sr(NOs),, CsNOs, ZrOCl,-8H,0, Cr(NOs); - 9H,0,
Ru(NO)(NOs)s, Ni(NOs),-6H,0 F1 Nd(NO;);- 6H,0
Moy MTAl . S P K AR Al K o AL I A 4 A L
1.
1.2 LI{UEF

KR v 1 R R TR AR i 8 P R A 4 B AR -
J5 T & B 6L (ICP-AES, Leeman, 26 [E)IH ., /K
FH LA R B WA AR o 2T By 355068 FH N 43 4 )
(PerkinElmer, 3% [l & . 75 fd B 28 46 25 1 [m] fig
AR %Y (APEX IV, Bruker, 3% ) B XHRE S 2T
H, 5% 55 1% (EST-MS) & AIF
1.3 EWFHE

£ 2 mL BRSO FINA 0.5 mL ZKAHFN 0.5
mL B TR . 298 K 54, 7E1E IR D 2% iR
P 1 /NIEJE B 043 M . ] ICP-AES ) &2 7K Al
Re 4]t He B (Cy) LA B 26 WP 167 S 7K A v 3 4% 1)
Re W& B (Co) o ZEHUAT T P AR BUA & A B i A5 4k,
M ReOy B ZEBUHCR AT i X (OIS 2], Xt T
PTe BAHL, A BOKARFA HLAS 0.1 mL, 1A
R, JFIA 1 mL BRI, RN 20 B A
FARAA T PTe B350 (Co) B ES T WK AR 2T 1Y
HE(C. B scsh, B P Te B8 Ech
30000+1000, PEHA 1 mL PN BRI = T T fi . A
HUHT J5 P AR AR B & A I AR Ak, IR TeO, A 2E

F®1 ERERELW)E AR
Table 1 Compositions of simulated liquid waste (SLW)!""!

JLFE WHE(g LT JLE WREN(g L
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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Fig.1 Extraction efficiencies of 0.01 mol/LReO, and
tracer amount of TcO4 using different ILs
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Fig. 2 Effect of HNOj; (solid) and LiNOs; (hollow) on the
extraction of 0.01 mol/L ReO4 (A and A) and tracer
amount of TcO4 (V) by [Ne444][NTf;], and on the

extraction of 0.01 mol/L ReO; (mando), tracer
amount of TcO4 (@) by [Csmim][PFs]
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Fig. 3 Effects of [Ng444]Cl (m) and LiNTf, (e) on the

extraction of 0.01 mol/L ReOs by [Ng444][NTHE,],
and effects of [Csmim]Cl (A) and KPFs (V) on the
extraction of 0.01 mol/L ReO4 by [Csmim][PFe]
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B A BORCR M 45% 5 18% . 25 ML, 7E[Csmim]
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HH & B ] ReO, MOZEEHR .
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P 4(a) #1(b) 73 1) 4 [Csmim][PFe] % ML ReOy Ji5
BT AR A ESI-MS FHE T A& 7k . 7E
[Csmim][PFe] IR R H, B 7 & L2 RIEE A7
fE . BHES T 1%, Jfar b (m/z) 24 1555.8 FiT 535.3
Ak 43 5 %t B [5Cgmim*+4PF |7 1 [2Csmim ™ +PFq 1*
e, BAES b, m/z 9 1165.4 F1 825.2 kb 4351t
W [3Csmim " +4PF¢ | HI[2Csmim ™ +3PF, | By . J5i
T AT LA 2 B WA Y ReOy 2 5T LI B
g [3Cgmim” +3PFs +ReO, | AI[3Csmim " +3PF, +
ReO, ], m/z 43k 1271.3 F1931.2, HE— A UE 5L
ReO, B A WO A B F IR . 4500 U3 )@ n 3k 2
F7R o
2.5 ZFEHEIMIE

FRAE LR Se g 25 0, wT ASE A B T
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(a) FAEFilk
195.2
| 5353 155|5.8
400 800 1200 1600 2000
m/z
8252 (b) A& i
485.1
1165.4
2|50-9 931.2 | 12713
400 800 1200 1600 2000
mlz

4 [Csmim][PF¢]ZEEX 0.1 mol/L ReO, 55 F & 14
HHH ESI-MS i
Fig. 4 ESI-MS spectra of IL phase after extracting
0.1 mol/L ReO4 by [Csmim][PF]

%2 [Csmim][PFs]ZEX 0.1 mol/L ReO, /5 & F i 448
ESI-MS & & f Z &k A8
Table 2 Peak positions associated in the ESI-MS spectra

of IL phase after extracting 0.1 mol/L ReO4
with [Csmim][PF¢]

[ 52 VR A8 m/z
[3Csmim"* +3PF¢ +ReOQy | 1271.3
[3Csmim” +4PFs | 1165.4
' " [2Cgmim " +2PFs +ReOy | 931.2
T [2Cgmim”+3PF, | 825.2
[Csmim +2PFs | 485.1
ReO,” 250.9
C sCmim'4PRT 15558
PHE Tl [2Cgmim " +PFq |" 5353
Cgmim” 195.2

B ReO4 )
[C,mim][PF; ], = [C,mim]",, +PF",;,  (3)
[C,mim]",, +ReO, ,, = [C,mim][ReO, I, (4)
[C,mim][PF, ] +ReO, ,q =
[C,mim][ReO, Iy, +PF, 0 )
B VAR A AR e A A T i A BT A (3R (3)),
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Fig. 5 Effects of HNO; on the extraction of different

elements in SLW by [Csmim][PF¢] (a) and
[Ne.444][NTH£] (b), respectively
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Fig. 6 Dependence of the total stripping efficiency of ReO4
in [Nea4s][NTE,] (@) and [Cgmim][PFe¢] (A) on the
number of stripping (the stripping agents were LiNTf,
and KPF aqueous solutions, respectively)
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