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Extraction of Strontium With Dicyclohexyl-18-Crown-6
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Abstract; The extraction of strontium with dicyclohexyl-18-crown-6 (DCH18C6) from acidic so-
lution was studied. The influence of the concentration of DCH18C6, different acids, different

T can be

diluents, and the concentration of nitric acid was examined. The results show that Sr
efficiently extracted by DCH18C6 dissolved in 1,1,2,2-tetrachloroethane from a nitric acid so-
lution. The extraction percentage of Sr*" by 0.1 mol/LL DHC18C6 is found to be higher than
92%. The extracted Sr’" can be easily stripped with deionized water. Nearly 100% recovery of
Sr** is achieved by three times of such stripping. The stoichiometric ratio of Sr*™ to DCH18C6
in the extracted complexes was studied by plotting the logarithm of distribution ratio of Sr**
against the logarithm of the concentration of DCH18C6 in organic phase. From the slopes of
the obtained curve it can be deduced that the stoichiometric ratio of Sr*™ to DCH18C6 of the
major extracted species is 2 : 1 when ¢ (DCH18C6) << 8 mmol/L, and 1 ¢ 1 when
c(DCH18C6) =8 mmol/L.
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. ,r=0.9851, 0.518, DCH18C6
1.1.2 VISTA-MPX Loz ’
(ICP-AES) Varian 2Sr(NO;3), - DCHI18C6 .
c(DCH18C6) = 8 mmol/L , InD (Sr)-
L2 Inc(DCH18C6) ,¥r=20.997 9,
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2 1:1,
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1. 0 mol/L N 2.2
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1 DCH18C6
Table 1 Dependence of distribution ratios of

strontium on different acids

(Acids) D(Sr)

1. 0 mol/L HNOj 85.3

1. 0 mol/L. HCI 1.7

1.0 mol/L H>SO, 3.5

1. 0 mol/L HCIO, 1.2

1.0 mol/L HNO3;+1. 0 mol/L. HCI 45.0

(V(HNO3) : V(HCD =1 : 3)

(Note) : (Organic phase), 0.1 mol/LL. DCH18C6-1,

1,2,2- (Tetrachloroethane) ; (Aqueous phase) ,

‘U(Sr2+ )=0.0356 g/L

DCH18C6

2.3
DCH18C6 ,
2, 2 )
D(Sr) )
¢(HNO;)<C1. 0 mol/L. ,DCHI18C6
i ¢(HNO;)
1.0~2.0 mol/LL  .D(Sr) ;
c(HNO;)>2.0 mol/L
o [13-14]
, [13]
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2 : .
HNO, (<C2. 0 mol/L), HNO;
NO; . ,
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Fig. 2 Dependence of distribution ratios
of strontium on the concentration of HNO;
(Organic phase), 0.1 mol/L. DCH18C6-
1,1,2,2- (Tetrachloroethane) ;

(Aqueous phase) , p(Sr®")=0.035 6 g/L
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, , (O/A) DCH18C6 )
1:1, 3, 3 s 1 , s
(1st) DCH18C6 ,
., DCHI18C6 0.02 mol/L , o
DCH18C6 o 2 1 pH ( 4),
@2nd), 3  (3rd) o
o 1
2 DCH18C6

Table 2 Dependence of distribution ratios of strontium on different extractants

c(DCH18C6)/

i (Dipole)  p/(kg« L") D(St) E(Sp/%
(Diluent) (mol « L™1)
n/(C+ m)
1,1,2,2- (1,1,2,2-tetrachloroethane) 1.32 1. 60 0.1 83.9 94. 4
(Dichloromethane) 1. 60 1.33 0.1 17.8 78.0
(Trichloromethane) 1. 04 1. 50 0.1 14. 6 74.4
1.2- (1,2-dichloroethane) 1.48 1. 26 0.1 9.7 66.0
(Nitrobenzene) 4.22 1.2 0.1 3.9 44,1
(Butyl alcohoD) 1. 60 0. 827 0.1 2.9 37.0
80% -20% 1- (80% butyl alcohol-20% 1-octanol) - 0. 824 0.1 1.9 27.1
1- (1-octanol) 1.72 0.81 0.1 0.08 1.5
(Carbon tetrachloride) 0.00 1. 60 0.1 0 0.0
(Notes) : (Organic phase) ,0. 1 mol/L. DCH18C6 ; (Aqueous phase) .c(HNO3;) =1. 0 mol/L, p(Sr**)=0.0356 g/L

3 DCHI18C6-1,1,2,2-
Table 3 The reextraction of DCH18C6-

1,1,2,2-tetrachloroethane system

E'(St) /%

(Stripping) 1st 2nd 3rd

(Deionized water) 39.3 99.7 100. 0

0. 01 mol/L. HNO; 16. 5 68. 3 89.9

0. 05 mol/L HNOs 10. 2 30.9 48. 4

0. 10 mol/L HNO;4 6.9 16.9 26.7

0. 20 mol/L. HNO; 4.1 8.6 13.1

0. 30 mol/LL. HNO4 2.4 5.7 8.8

0. 40 mol/L HNO; 2.2 4.3 6.4

0.50 mol/LL. HNO; 2.2 3.9 6.4
(Notes) : (Organic phase), 0.1 mol/L. DCH18C6-
1.1,2,2- (Tetrachloroethane) ; (Aqueous phase) .

¢(HNO3)=1.0 mol/L, p(Sr*")=0.035 6 g/L
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Fig. 3 Dependence of chemical recovery
of strontium on the concentration of DCH18C6
(Extraction) : (Organic phase) .
0.1 mol/L. DCH18C6-1,1,2,2-
(Tetrachloroethane) ; (Aqueous phase) ,
¢(HNO;3)=1. 0 mol/L, p(Sr*")=0.035 6 g/L;
(Stripping) : (Deionized water)
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4 , DCH18C6 )
1 pH , 3
o 2 . 3 , 1 (D DCH18C6-1,1,2,2-
, ,D(Sr) DCH18C6 ,
, 2.3 DCH18C6 0.1 mol/L
, . , 92%.
1,1,2,2- (2) ,
DCH18C6 o 4, c(DCH18C6)<<8 mmol/L. ,DCHI18C6
4 ,D(H") DCH18C6 1 : 2 .
, (r= c(DCH18C6)>=8 mmol/L DCH18C6
0.998 3, , 1,1,2, 2- , 1:1 o
DCH18C6 , (3) DCH18C6
. , 1~2 mol/L,
(4) ,DCH18C6
4 1 pH , 1,1,2,2- o
Table 4 pH value of aqueous phases (5) ,
after the first reextraction 3 ) 100% .
¢(DCH18C6) / c(DCH18C6)/ (6) 1,1, 2, 2- s
(mol « L™1) PH (mol « L™1) PH DCH18C6 ,

0.001 2.6040.02 0. 04 1.7540. 04 .

0.002 2.66+0. 14 0. 06 1.5740.01

0.01 2.284+0.02 0.08 1.4240.01 .
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traction of Alkaline-Earth Metal From Nitric Solu-
tions With Crown-Ether Dicyclohexy-18-Crown-6
[J7. Radiokhimiya, 1982, 24. 214-216.

107

?1072_
T 3 y=0. 382 084+1.150 33 x
Q r=0. 998 3
107 . e
10~ 0™

¢ (DCH18C6) / (mol * L™")

4 DCH18C6
Fig. 4 Relation between D(H")
and the concentration of DCH18C6
(Organic phase), 0.1 mol/L
DCH18C6-1,1,2,2- (Tetrachloroethane) ;

(Aqueous phase), ¢(HNO3;)=1.0 mol/L,
o(Sr*")=0.035 6 g/L

[2] Blasius E, Klein W, Schon U. Separation of Stron-
tium From Nuclear Waste Solutions by Solvent Ex-
traction With Crown Ethers[]J]. ] Radioanal Nucl
Chem, 1985, 89(2): 389-398.

[3] Horwitz E P, Dietz M L, Fisher D D. Correlation
of the Extraction of Strontium Nitrate by a Crown
Ether With the Water Content of the Organic Phase
[J]. Solv Extr Ion Exch, 1990, 8(1).: 199-208.

[4] Horwitz E P, Dietz M L, Fisher D D. Extraction of
Strontium From Nitric Acid Solutions Using Dicy-
clohexano-18-Crown-6 and Its Derivatives[J]. Solv
Extr Ion Exch, 1990, 8. 557.

[5] Horwitz E P, Dietz M L, Fisher D D. A New
Process for the Extraction and Recovery of Stronti-
um From Acidic Nuclear Waste Streams|[ ] ]. Solv

Extr Ion Exch, 1991, 9(1). 1-25.



4 -18- -6 209
(6] Horwitz E P, Dietz M L. Rajkovich S B, etal. The  [11] . ) ,
Application of Novel Extraction Chromatographic 118 18 6- -[2]
Materials to the Reduction and Removal of Radionu- [Jl. ,1994, 16(1); 18-22.
clides From Waste Solutions[]J]. Radioact Radio- [12] s s s
chem, 1991, 2. 12. . [yl ,
[7] Horwitz E P, Dietz M L, Fisher D D. Separation 1995, 15(3): 259.
and Preconcentration of Strontium From Biological [13] R s Sr*t
Envionmental, and Nuclear Waste Samples by Ex- Lyl ,1996, 1. 7-9.
traction Chromatography Using a Crown Ether[]]. [14] s ,
Anal Chem, 1991, 63: 522. Sr*t (Cs’ L1l 1990, 18
[8] Amar K, Mohapatra P K, Pathak P N, et al. Dicy- (1): 61-64.
clohexano-18-Crown-6 in Butanol-Octanol Mixture: [15] Yakshin V V, Vilkova O M, Laskorin B N. Ex-
A Promising Extractant of Sr( ][ ) From Nitric Acid tractive Separation of Radionuclides of Cesium and
Medium[J]. Talanta, 1997, 45. 387-395. Strontium With Crown Ethers [J]. Dokl Akad
(9] , , Nauk, 1992, 325; 967.
,CNIC-00744[ R . [16] Tormos J, Jouve A, Revy D, et al. A Rapid Method
,1993. for Determining Strontium-90 in Contaminated Sam-
[10] s s s ples of Soil and Plant[J]. J Environ Radioactivity,
, Ll 1995, 27(3): 193-206.

,1994, 14(4) . 350-356.



