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Goals

1) Gain additional insights into extraction of M2+ into crown ethers and DGAs
2) Impart unique selectivity for M2+ (Pb, Ra, Sr, Ca) or REE

3) Develop materials with improved physical properties (stability, shelf-life, etc...)

How
- Modify SR resin with different diluents
- Synthesize DGAs with different R-groups
- Neat (40% mass loading)
- 28% loading with 12% diluent (solids)



D{BCH18C6 and DGA

M?2*(aqg) + 2NO5(aq) é% M(NO,),CE + xH,0

1.0M in 1-octanol = SR Resin
0.75M in isodecanol = PB Resin
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M?2*(aq) + 2NO;(aq) €—> M(NO;),DGA, + xH,0

M3*(aq) + 3NO; (aq) € > M(NO;);DGA; + xH,0



DBCH18C6 and DGA

Similarities:
1) Both neutral extractants that require counter anion to neutralize charge of extracted
metal ions.

2) Both can extract M?*

3) Both systems in SX co-extract HNO; and H,0.

4) Changing substituents on molecules change extraction characteristics
5) Extraction correlates to size of metal ions.

Differences:
1) DGA can also extract M3+, M4+, M(VI)
2) DtBCH18C6 requires polar diluent, DGA can work with polar or non-polar diluents.
3) DtBCH18C6 more sensitive to competition from K+, NH4+, Na+
4) DGA more sensitive to competition from Ca2+
5) Extraction order different. DtBCH18Cé6: Pb >Sr>Ba >Ca
DGA: Ca>Sr~Pb>Ba



1M DtBCH18C6 in 1-octanol
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D{BCH18C6 Extraction
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D{BCH18C6 Extraction

-Extraction into non-polar diluents
requires dehydration of metal-nitrates.

-Extraction of Sr by dtBCH18C6 into
alkanes poor.

-Extraction of Sr by dtBCH18C6 into
more polar diluents favorable.

E. P. Horwitz, M. L. Dietz, and D. E. Fisher

EXTRACTION OF STRONTIUM FROM NITRIC ACID SOLUTIONS USING
DICYCLOHEXANO-18-CROWN-6 AND ITS DERIVATIVES®

SOLVENT EXTRACTION AND ION EXCHANGE, 8(4&5), 557-572 (1990)
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Pb Resin vs Sr Resin Pb?* q) + 2X (5q) €2 PD(Crown)X; o)

Sr Resin: k' Pb on Pb and Sr Resins
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Anion can change selectivity
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DfBCH18C6 (Hofmeister CI- < Br < NOy < I < ClO,
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Chromatogram on Sr Resin from HCIO4
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Dw

DBCH18C6 vs diluent (amines, amides, organophosphorus)

D,, of Pb on Crown/Diluent Resin
50-100 um, 20.5% di-tBu-18-c-6, 18% Diluent, 21(1) °C, 1 h
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D,, of Ba on Crown/Diluent Resin
50-100 um, 20.5% di-tBu-18-c-6, 18% Diluent, 21(1) °C, 1 h
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DBCH18C6 (diluent changes magnitude, but not selectivity)
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D,, of +2 Cations on SR Resin
50-100 um, 20.5% di-tBu-18-c-6, 18% Octanol, 21(1) °C, 1 h
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D,, of +2 Cations on Crown/Primene Resin
50-100 pm, 20.5% di-tBu-18-c-6, 18% Primine, 21(1) °C, 1 h
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DtBCH18C6 + DGA (diluent/phase modifier/extractant/syrergisms)
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DIBCH18C6 + DGA vs R-group (magnitude + / selectivity -)

Barium
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Ra/Ba Separation (shorter R-group = more DGA/gram resin)
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Radium concentration on TPDGA-Sr

Elution of Ra-223 on TPDGA-Sr Resin
50-100 um, 2 mL/min, 21(1)C
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D{BCH18C6 steric hinderance

Dg, extractant dependencies for three 18-crown-6 derivatives in n- octanol. ([HNO3]l =1 M).
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Extraction of M2+ with DGAs
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lonic Radius (CN =8) 1.160 1.143 1.126 1.109 1.093 1.079

Element La Ce Pr Nd Pm Sm
Z 57 58 59 60 61 62
(Am = 1.090)

lonic Radius (CN =8) 1.066 1.053 1.040 1.027 1.015 1.004
Element Eu Gd Tb Dy Ho Er
VA 63 64 65 66 67 68

lonic Radius (CN =8) 0.994 0.985 0.977 0.870 1.019 1.120
Element Tm Yb Lu Sc Y Ac (CN=6)
Z 69 70 71 21 39 89
La(6) = 1.032




DGA
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DGAs (R-group)

0O O



DGAs (Size of R-group, straight chain)
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Dw

D,, of Sr on DGA Resins

50-100 um, 40% DGA, 21(1) °C, 1 h
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DGAs (asymmetrical/branching)

D,, of Pb on DGA Resins

50-100 um, 40% DGA, 21(1)°C, 1 h
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D,, of Ca on DGA Resins

50-100 um, 40% DGA, 21(1) °C, 1 h
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Pb on DGAs (DGA-N = octyl)

Pb-203 Elution on QML cartridge of DGA, Normal Resin
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1—=— 1M HNO3
{|—®— 2M HNO3
3 40 |—A— 3M HNO3
L

o __ 1 Load 1-3M HNO,

m 0O 5 10 15 20 25 30 35 40 45 50
www.eichrom.com

Bed Volumes



Pb on DGAs (ethyl cyclohexyl)

Elution of 203Pb and 223Ra on DEDCHDGA-isodecanol
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DGA (ethyl cyclohexyl)

Elution of Pb203 on 2mL cartridge of DEDCHDGA-isodecanol

0 0 105 50-100um, 21(1)C, 5 mL/min
jNJ\OJKN/_ iLoad IMHNO; +  Rinse Strip
j 105119 T, 400mgCu 1M 0.05M
HNO, HCl
| | 10*
Simulated separation of < ;
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HNO3/HCl f <0.01% Cu/T!:
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Pb on DGAs (octyl vs pentyl)

\/\Akjm/\/
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Low Pb breakthrough

Good recovery in 0.05M HCI
(small volume)
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Elution of 203Pb and 223Ra on TPDGA

50 100 um, 21(1) 4mL/min
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Future work

- Further characterize new resins/extractants
- Sr Resins w/ different diluents
- DGAs w/ different R-groups (REE, Th/U selectivity, HCl system)
- DGAs w/ different anions (HBr, HI, SCN-, ClO,)
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