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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)
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DtBCH18C6 and DGA
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DtBCH18C6 and DGA
Similarities:
1) Both neutral extractants that require counter anion to neutralize charge of extracted 

metal ions.
2) Both can extract M2+

3) Both systems in SX co-extract HNO3 and H20.
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. DtBCH18C6: Pb > Sr > Ba  > Ca

   DGA:  Ca > Sr ~ Pb > Ba
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DtBCH18C6 Extraction

Sr2+

Sr2+

Enthalpy and entropy of 
complexation favorable, but 
not enough to completely 
dehydrate Sr and nitrates.
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DtBCH18C6 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.
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Pb Resin vs Sr Resin
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  - dtBuCH18C6 in 1-octanol
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 -25% less dtBuCH18C6 in isodecanol
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Chromatogram on Sr Resin from HClO4
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DtBCH18C6 vs diluent (amines, amides, organophosphorus)
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DtBCH18C6 (diluent changes magnitude, but not selectivity)
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50-100 µm, 20.5% di-tBu-18-c-6, 18% Primine, 21(1) oC, 1 h
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DtBCH18C6 + DGA (diluent/phase modifier/extractant/synergism)

D.R. McAlister, D. Silvestri, E. Rush, E.P. Horwitz, “Extraction of Selected Metal Ions by Mixtures of Diglycolamides 
and Crown Ethers,” Solv. Extr. Ion Exch., 39(2), 184-203 (2021).

Sr capacity: 9-10 mg/mL
w/o 1-octanol: ~14 mg/mL

Sr capacity: 9-10 mg/mL

Sr capacity: 3 mg/mL
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DtBCH18C6 + DGA vs R-group (magnitude + / selectivity -)
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Ra/Ba Separation (shorter R-group = more DGA/gram resin)
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Radium concentration on TPDGA-Sr
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DtBCH18C6 steric hinderance

Less steric hinderance

More aggregation at 
high CE concentration.

Lowers effective 
concentration of CE 
and DSr.
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Extraction of M2+ with DGAs
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DGAs (R-group)
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DGAs (Size of R-group, straight chain)
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DGAs (asymmetrical/branching)

10-1 100 101
10-1

100

101

102

103

104

 TODGA
 TCHDGA
 DEDCHDGA
 DMDODGA
 DMDCHDGA

D
w

[HNO3], M

Dw of Sr on DGA Resins
50-100 µm, 40% DGA, 21(1) oC, 1 h

10-1 100 101
10-1

100

101

102

103

104

 TODGA(liquid)
 TCHDGA(solid)
 DEDCHDGA(solid)
 DMDODGA(liquid)
 DMDCHDGA(solid)

D
w

[HNO3], M

Dw of Pb on DGA Resins
50-100 µm, 40% DGA, 21(1) oC, 1 h

Solid = 40% neat
Open = 28% in isodecanol

10-1 100 101
10-1

100

101

102

103

104

            carbons in R
 TODGA - 32
 TCHDGA - 24
 DEDCHDGA - 16
 DMDODGA - 18
 DMDCHDGA -14

D
w

[HNO3], M

Dw of Ca on DGA Resins
50-100 µm, 40% DGA, 21(1) oC, 1 h



www.eichrom.com

Pb on DGAs (DGA-N = octyl)

0 5 10 15 20 25 30 35 40 45 50
0
5

10
15
20
25
30
35
40
45
50

%
 B

re
ak

th
ro

ug
h 

Pb
-2

03

Bed Volumes

 1M HNO3
 2M HNO3
 3M HNO3

Pb-203 Elution on QML cartridge of DGA, Normal Resin
50-100 µm, 21(1)C, 1 mL/min

Load 1-3M HNO3

Rinse
1M

HNO3



www.eichrom.com
0 10 20 30 40 50 60 70

100

101

102

103

104

105

106

cp
m

mL Eluate

Elution of 203Pb and 223Ra on DEDCHDGA-isodecanol
50-100 µm, 21(1), 4mL/min

Load 
2.0M 
HNO3

Rinse
0.25M 
HNO3

Strip
0.05M
HCl

223Ra

203Pb

10mL = 42%
20mL = 88%
30mL = 95%
0.2% Ra-223

Pb on DGAs (ethyl cyclohexyl)

O

O

N

O

N

Less Pb breakthrough

Good selectivity over Ra

Poor recovery in 0.05M HCl 
(large volume)



www.eichrom.com

DGA (ethyl cyclohexyl)
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Pb on DGAs (octyl vs pentyl)
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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-, ClO4

-)
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