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Abstract
Introduction to Polymer Ligand Extractant Techniques
Dominic S. Peterson

Polymer ligand film extraction techniques have been shown to be useful for
extraction and sample cleanup for use on radiochemical analytes. This presentation
will give an overview of the state-of-the-art and the current system limitations and
operational parameters. We will also discuss future work to be performed in a new
ligand extraction project.
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Classical Analysis Methods Take Significant Time

Analysis | Classical separation Matrix Analysis Time
Tritium Distillation Liquid/Solids 2 days
C-14 Wet / dry combustion Liquid/Solids 2 days
Wet oxidation and e I week
Sr-90 | chemical isolation and / Liquids
or ion exchange Solids 2 weeks
Pw/Am/U Chemical isolation Urine/Water 1 week
PwAm/U Chemical isolation Biological 1 week to | month
Pw/Am/U Chemical isolation Soil 1 10 2 weeks
Po-210 Chemical isolation Urine 3to5 days
Gamma Non destructive prep Soil/Biol/Water 1to 5 days
greraly
A, % %
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Standard radioanalytical procedure for alpha
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determination
. | NaOH Fusion ) )
Soil Warter Vegetation
HF Di
fon exchange U
Electr ition and
Ion exchange |——Am (Cm) odepos
a-spectrometry |
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* PLE enables rapid extraction/preparation of
radioactive analyte

* Extraction is very rapid

* Chemistry can provide selection of specific analytes
(reducing the need for column separations)

* PLE enables very high data quality (near
electrodeposition for alpha spec)

/"
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Initial considerations for using polymer ligand thin film

* Emergency response situations
— Screening of environmental samples
— Field analysis situations
— Rapid urine analysis

Suitable media for rugged field deployed counting

* Process must be fast and easy
* Process must replace separation and plating

/:‘)
* L5 Alamios
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* Los Alamos

Initial analysis considerations

Sample prepared using routine procedures
Initial isotopes of interest — Am, Pu, U, and Po
Method assumed in house analysis

Sample treated as environmental

Bioassay sample added

UNCLASSIFIED
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2. Initial analysis process

/D

.3
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Sample optimized for highest absorption

Samples prepared with isotopes only — no matrix
Sample volume is 100 mL or less

PLE mechanically agitated

Sample prepared in distilled H,O and ICP grade acid
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PLE media

* PLE on stainless steel backing

* PLE on plastic or Teflon backing

* PLE on GF filters for sample filtration
* PLE on resolve filter (Eichrom)

* Specialty materials (glass, rubber etc)

Fal
25
- Los Alamos
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Preparation of polymer ligand extractants

* Initial PLE composition Dipex:Polystyrene (Dipex:PS)
* Polymer and ligand were dissolved in THF

* Initial concentration of the PLE in solution were 1:1,
1:5, and 1:10 (wt/wt)

* |nitial PLE were air dried and weighed
 Different size and type of backings were tried
* Later different ligand polymers were tried

Moswnch
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¢ --?w-fDipex:PS polymer ligand extractants

* PLE chosen on bases of counting and analysis
conditions (dipex:ps)

* 1:1 PLE - soft, hard to dry, foamed under vacuum

* 1:5 PLE —tended to be brittle and break under
vacuum

* 1:10 PLE — more durable and stable under vacuum

 Stable surface provided better energy resolution

* High absorption coefficients

Ve
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Initial Sample Processing Considerations

* PLE must be durable for rugged sample handling

* PLE must be able to withstand long immersion in
water at variable pH

* PLE must minimize migration of analyte below
surface

* Surface area must accommodate sufficient active
sites

P Mol .
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Alpha Counting Considerations

* PLE must be suitable for counting under vacuum
* PLE must hold analyte at surface
* PLE must not degrade for long count times

* PLE resolution must approach that of electroplated
samples

* PLE must not decompose while counting

VA
3
- Los Alamos
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Data Considerations

* Yield must be consistent
* Data must be reproducible

e Detection limit will be based on lowest common
denominator (in most cases this is yield)

* Sample counts must be discernable from sample
noise

/%
- Los Alamos
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Materiely
&%‘ Data for Dipex:PS PLE
1:1 117 23Am 20
1:10 36 23Am 27
/\
o
- Los Alamos
NISA
Thin film process
1 Radionuclides in solution
) o st 2 Radionuclides
(® —— complexed
ST ) with ligand
L B \ 1;; ‘F' K\':
Active sites extending
from polymer thin film
3 Subsequent assay of trapped
radionuclides via radiation detection warercl
. 'i.%“
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= .‘
L Parameters to study

Why incorporate extractant into polymer?

What are the trade-offs in system
optimization?

Temperature conditions?

Extraction conditions?

Concentration of ligand in polymer system?

o
- Los Alamos

UNCLASSIFIED

¢ 2%
x%‘ Parameters to study

» Extractive ligands — a variety are available
commercially (relates to efficiency)

* Polymer support — initial work focused on
those that are easily dispersible in organic
solvents (relates to stability and data quality)

* Extraction efficiencies
* Data quality — particularly alpha spectrometry
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‘l%.‘w Thin film comparison
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Preparation of polymer ligand extractants

* Polymer and ligand were dissolved in THF

* Total concentration of the PLE in solution was 1:5
(wt/wt) :

* Concentration of the ligand to polymer were 1:10
(wt/wt)

* Solution was deposited using an automated pipette
(1 mL)

Morerals
~ 4%
'lt :,

2
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NATIONAD LASORATOAY UNCLASSIFIED

NYSA

10/6/11

10



10/6/11

L Solvent considered
TR cnsemamE gy
* Ethanol 1.1 POLYSTYREME 1.4 POLYSTYREE
« Methanol ‘..am ISOPROPANOL IN THF
* |sopropanol " ‘*’;‘i;’
* Tetrahydrofuran (THF) o S
T
‘!a-.no-;nﬁlia-mgs» UNCLASSIFIED
e NYSA
€ :
‘%.. Polymers considered
* Poly vinyl acetate (PVA) |
* Poly methyl methacrylate (PMMA)
e Poly vinyl pyrrolidone (PVP)
* Poly vinyl butryal (PVB)
* Polystyrene (PS)
* THF used as solvent
/:_’
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Fabrication of Thin Film

* Simply involves mixing an extractive resin with
a polymer
— Poly(styrene) dissolved in Tetrahydrofuran (THF)
with DIPEX extractant

* Solution is placed on collection plate and dried
* Thin film forms from the polymer/extractant

solution
L/:j Al
" ST
NYSE
T
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Experimental Setup

* Involves preparation of thin film on support
plate

* Thin film is introduced into analysis solution
(dipping, mixing, etc)

» After a certain amount of time, thin film is
removed from solution and dried

* Thin film plate is then directly placed into
alpha spectrometer and counted

- Loz Alamos GIEMISTRY
NYSA
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Dipex®

CMPO

Ligand Study

* Aliquat 336 :
DGA Branched o L
° ranche R Q\)L R
“T’k’ -
2 R R
- Los Alamos
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& .. Extractants used: CMPO
Flgure 2 Figora 3
And dependency of k' for \:um-.:-rm--.-;.: "
o i
c e
.Hv m m ;h '
Ph £ ~
Bu 5 |E‘
CMPO A
I ) ril,I
. . = | gl
octylphenyl-N,N-di-isobutyl | A
carbamoylphosphine oxide o | /
(CMPO) kL
»Binds Actinides strongly (esp. Pu, Np)
=Releases actinides in more neutral solutions — .
=Sold as TRU resin TR -

=http://www.eichrom.com
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THNO,
MO Nonwi. at o (49193

Horwiz, atal (HP193)

Horwitz, E. P, et al., Solvent Extraction and
lon Exchange, 14, 1996, 13-33.

NISA
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Figure |

R R

N,N,N’,N’-tetrakis-2-ethylhexyldiglycolamide

=Binds Actinides strongly (esp. Pu, Am)
=Releases actinides in more neutral solutions

=http://www.eichrom.com

®... Extractants used: B-DGA

DGA Resm, Branched

DGA Resm. Branched

A Horwitz, E. P, et al., Solvent Extraction and
= lon Exchange, 23, 2005, 319-344.
+ Los Alamos
NS
Moreri I§.
T Extractants used: Aliquat 336
Fipren 28 3
HyC e
H‘C\I\‘ | l TEVA R - I.
- £, .'| CH .. . n d
‘l, cl —/ 1 @ Yy . i "
\",/ = . \" | ;‘
- gn; 7::\ » '\. - : My
/ - oy
HC d o 4
HC . Ii‘

=Binds Pu(IV) & Np(IV) strongly; other actinides
less strongly, all better at higher acid
concentrations

=Soluble in many organic solvents

sSold as TEVA resin

shttp://www.eichrom.com

N
«ngAk"nos

NATIONAL LABORATORY
"

Moz g o, (FP195)

Horwitz, E. P., et al., Solvent Extraction and
lon Exchange, 13, 1995, 615-645

nNYSE
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%%‘0“ Extractants used: Dipex®

DIPEX " €xtractant

P.P'- di(2-cthylhexyl)methancdiphosphonic acid
Mty M " Cyly
CHOH 0 CHy OCHLH
Hyty (311} ol £y
K
HaDEHMDP|
*Binds Actinides very strongly
*Soluble in many organic solvents
*Sold as Actinide resin _
" : '
«Best spot for Pu{lV) ~0.1M HNOs e e
shttp://www.eichrom.com Horwitz, E. P, et al., Reactive & Functional
pal Polymers, 33, 1997, 25-36
L?sAIamos
i FTIGRL LaroRsToeY UNCLASSIFIED CHEMISTRY
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g%‘m Polymer & ligand study

Before and After: different ligands with polystyrene

ya
. Los Alamos
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Percent recovery and FWHM for samples prepared

Extractant | polymer % recovery | FWHM (keV) Comments
DIPEX Poly(styrene) 53% 30 keV
DIPEX nitrocellulose 55% 80 keV
DIPEX Poly(methyl 24% 35 keV Issues with Prep
| methacrylate) |
DIPEX Poly(carbonate) 27% 251 keV
| (Filter)
B-DGA | Poly(styrene) 48% 50 keV
B-DGA | nitrocellulose 65% 300 keV
B-DGA Poly(methyl 1% 50 keV Issues with prep
| methacrylate)
CMPO | Poly(styrene) 16% 200 keV
CMPO Tnitrocellulose 45% 320 keV
A-336 | Poly(styrene} - - Degraded — couldn’t be
| ‘ counted
A-336 | nitrocellulose | 12% 600 keV A-336 Degrades
/-1} u::l-g.‘
. Los Alamos [ e O
;; ,.:iua--y-v UNCLASSIFIED
N2
Mz:ll ‘
L e Thin Film

* Chemistry on the surface
* Placein sample and stir

* 2 hour stirring yields up to 57%
yield for actinides.

* Sample contains low molarity HCI
or HNO3

+ Different acid allows control of
actinide exchanged

* Fast prep —liquids 1 hour
— Solids with fusion 2 hours
*  Count directly

P

=
- LosAlamos
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& |
Variety of supports

Poly(styrene) dissolved in Tetrahydrofuran
(THF) with DIPEX extractant

Nitrocellulose dissolved in isoamyl acetate with
DIPEX extractant

Poly(vinylpyrrolidone) dissolved in isopropy!
alcohol with DIPEX and placed on filter

/‘\
"—)
-« Los Alamos
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%% poly(styrene)/DIPEX PLE

*Recovery of Pu—8% Pu-242 (11.58 pCi) and Am-241(18.4 pCi) 259K sec count time
*Recovery of Am - 53% 120 = —_— - === =
*FWHM Pu — 25 keV
*FWHM Am - 34 keV

4700 4800 4900 $000 5100 5200 5300 5400 5500 5600 5700

Enepzy (keV)

 Los Alamos

— wa

aNISH

10/6/11
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.. Poly(styrene)/B-DGA PLE
Poly(styrene)/b-DGA W
*Recovery of Pu — e b,
15-48% : »l|
*FWHM Pu—21-51keV .
p P -
o) flgure | o : [
R..,NJK/D\)LN,R
& & ”
A -
Los Alamos f I " || EE—
- NYSA
M:'.‘nah:%.
.. Poly(styrene)/CMPO PLE
Poly(styrene)/CMPO

*Recovery of Pu — 6-16%
*FWHM Pu — 250+ keV

octylphenyl-N,N-di-isobutyl
carbamoylphosphine oxide
{abbreviated CMPO)

1%
15

'
1794

£

8

c,u,i -
Ph c"l Bu
CMPO

, .‘r'i ',’,s,s“ WM\H‘*#

Mmmurqmvcmm“u msmsou&ws«esm
[

NYSA
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Nitrocellulose/DIPEX PLE

140

wiam
120 5485 keV

Counts

3000 3500 4000 4500 5000 5500 6000 6500 7000 |

Energy (keV)

* Recovery of Pu—36% e
* Recovery of Am —54%

* FWHM Pu —60 keV

e FWHM Am —54 keV

uuuuuuuuuuuuuuuuuu

NYSE

* Recovery of Pu—36%
* Recovery of Am — 54%
* FWHM Pu —60 keV

* FWHM Am — 54 keV
A

=
» Los Alamos
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&%
Nitrocellulose/Aliquot 336 PLE
i
A Energy (keV)
L?SA'am“ GIEMISTRY
NYSA
Y.

¢&-%~  Thin Film on Resolve Filter

TF on Resolve filter — dip :
filter into TF polymer s a2
extractant. e | |

TF weight —0.0092g

Pour 50 mL sample through
Millipore setup

23Am — 29% recovery

.
238py — 98% recovery
Total recovery ~80% with
indication of some migration
into filter resulting in scatter.
» Los Alamos W B SREE D

NATIGMAL LABQRATORY
ey

10/6/11
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‘l%" Thin film process

+ LOS AIAIMOS
aaaaaaaaaaaaaaa TomY UNCLASSIFIED
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“%.. Extraction of Actinides
e Onto Thin Film

Weight —0.113
100 ml 0.04 M
HNQO3

Mixing time 1 hour
23Am —3.9%
recovery

238py - 0.6%
recovery

SN R R

NATIONAL LABORATORY

NYSS
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Reverse Side of Thin Film

Thin Film 3 removed from
support

Placed backside up
Counted by alpha spec

Determine migration through : J
TF .

No migration detected

/‘ -. & B N 3 P S P m Em gw TR
. Los Alamos

NATIONAL LABORATORY
€57 raas

NYSE

ST Thin film Analyzed by Traditional Methods

TF 3 removed and dissolved

Traced with Pu-242

Electroplated

Compared to Direct count of TF -

238py TF direct count -0.67
0.06 dpm

238py electroplate count -0.58 +
0.07 dpm

Thin film provides reasonable
agreement with traditional
method — analytes are
captured on surface

i
aL;%Ahnmﬁ
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'l%.‘, Comparison of polymer & ligand

Polymer &
ligand

No polymer or  Polymer only

ligand

./:,J
» Los Alamos

MATIONAL LARONATORY
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Comparison between
plated and PLE Sample

* Recovery of Pu—8%
* Recovery of Am - 53%

e FWHM Pu — 25 keV
© FWHM Am — 34 keV 0

Counts

&~z &
tr__i

—Plated 35 Dirk
e §5 Disk PLF

4700 4800 4900 SOO0 SLOG 5200 5300 5400 5500 S600 S700

Energy (keV}

A
-+ Los Alamos

JE—

NYSA
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2. Electrostatic vs. ligand attraction

—Polystyrene

100 1| —Stainless Steel
ﬂ80 b

£ —Dipex & Polystyrene
860 -

Pu-239

[

| &l
0 sl i ay S pall TS Ll ;
0 100 200 300 400 500 600 700 800
Energy (keV)
ﬁ_)
- Los Alamos
T UNCLASSIFIED
NS
Materiol
e
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XRF Experimental

* Substrate exposed to analyte (1000 ug/mlin 4%

HNO3) for 2 days

* One analyte per slide

¢ Sample analyzed as received

* Th and U analyzed by Edax Eagle llI.

* Co, Cu, Fe and Ni analyzed by Edax Eagle Il.
* Area selected for elemental mapping

* Each image show photo and white light image of
area scanned, along with elemental images of the

same area

ISR

LU 4320010
» Los Alamos
RATIONAL LABDAATOAY

CIEMISTRY
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Elemental Images
Ligand with Uranium extracted

P, thermal Image

P psuedo image

White light image

U Mthermal Image

Scan Distance (mm)
8x7
Beam Spacing (um)
71 x74
30 kV, 300 pA

s

a
Lo LS

NYSA

®
e Spectrum
Ligand with Uranium extracted

C: YTLMA dom bgands €308 AAM Lopc 19-br 1983 15151
Total Atea Spe trom ROtap LSxs: 1M

| Uranium hat spot e
Upg
b
H v
51 | &
° |
v - \
| s ;
| ‘/"’“\4
A A
R R R

oo
Energy [keV woom o mlm?m e oM e e
")1‘!4( L 1
s Los Alamos

NS CEMISTRY T SR
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MXRF Spectra and elemental images
35 pL DIPEX deposits exposed for 7 minutes with 1 mg/mL
Uranium

NET INTENSITY
Elem 1 2 3 4 L] L] 7 L] 9 10
PK 180 [ 357 M3 | 308 194 | 34 | 326 | 258 193 187
UM ns | 285 69 | 229 13 17 | 252 194 142 127

XRF Extraction Summary

Ave
UM
Time | counts Std
{min.) | (m=11) Dev
35 - 1 1 0.1
1
30 - 7 6 3
15 21 12
QR 251 30 22 14
O
> 201 45 28 15
=
g 15 4 60 il 1
&
c
=~ 101
5 -
0 i T 1
0 30 60

Time (minutes)

10/6/11
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= Extraction mechanisms

* Three methods of mixing were used to determine
if mixing effected the amount of radionuclides
extracted. All had the same Pu-239
concentrations.

* Los Alamos

UNCLASSIFIED
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‘%.' Extraction Comparison

* Stir and Non-stir methods

* 1L sample (tap water)
* Pu-239 (300 dpm)

* Stipple method

* 3mL (Pu-239)

« Pu-239 (300 dpm)
P

Y
- Los Alamos

UNCLASSIFIED
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& Extraction mechanisms

Mechanisms a) stir b) non-stir ¢) drip

S

~
« Los Alamos
'ainO~A.|n:?:|lA'nll‘ UNCLASSIFIED

NS
Extraction comparison
1:10 Dipex:PS
Stir vs. Non-Stir vs. Stipple
B stir 1 1
80 1 B Non-Stir I I ;
DStipple 1
2 60 A
D
8
£ |
20 A
2 4 24
Time (Hours)
'/':'}
‘nLquSAIAaTTQS UNCLASSIFIED
NISE
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 Stir plate

* Stir rod

* 100 mL tap water

* 0.1 M HNOs

* Pu-239 (15 dpm)

* 1:10 Dipex : PS thin film
* 45 degree angle

P

vvvvvvvvvvvvvvvvvvv UNCLASSIFIED

NISE

N B

No external supplies needed
100 mL tap water ' ‘
0.1 M HNO: S p——
Pu-239 (15 dpm)

1:10 Dipex : PS thin film
Thin film face up

* Los Alamos

UNCLASSIFIED
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%eL... Drip

* 60 mL Syringe

* 100 mL tap water

* 0.1 M HNOs

* Pu-239 (15 dpm)

* 1:10 Dipex : PS thin film
* Rinse with DI H20

~
=)
:LosAbnux

NATIONAL LAEQRATORY UNCLASSIFIED
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Matercly

Temperature study

* A temperature study was conducted comparing
the recovery and temperature variance. The
samples were 1M using 100 mL (DI H20) spiked
with 1mL of 15 dpm, Pu-239. Polystyrene was
the polymer used for two extractants: Dipex and
BDGA to create the PLE.

PT
+ Los Alamos

UNCLASSIFIED
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¥€*.  Temperature study
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Mtatich .‘
el 1 HR, Dipex:PS Temp Bath
6 — - — *7
< *10
= *15
>
3.0 e o= 20
S
& ] #25
§° | I 30
22 S S Ji 35
{ i } { | 40
t x 45
o |
0 5 0 15 20 25 30 35 40 45 50
Temperature (Celsius)
‘!J-ACI)_IOSNAAlIgm'(?“s‘ UNCLASSIFIED
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¢& = 2 HRS, Dipex:PS Temp Bath

*7

s I [ *15
g 4 [ 20
- - — e e — — B . L ]
g I
g * 25
g J 0
> 3
) Y T S | —
2 | 35
40
0 45
0 5 10 15 20 25 30 35 40 45 50
Temperature (Celsius)
Fa
Los Al
Ii.-su .a:r-r;‘c(,-s UNCLASSIFIED
NISE
Maoterals
‘t%‘..‘,,. : h
1 HR, BDGA:PS Temp Bat
6 *7
g ® 10
Fa + 15
g 1 - *20
] 4
2 *25
3 0
g 3
22 35
{ ! : : | I . ; 40
- 1 1 ] 45
0
0 5 10 15 20 25 30 35 40 45 50
Temperature (Celsius)
2,
‘wL\EAA-IaT-mgls- UNCLASSIFIED
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& B 2 HRS BDGA:PS Temp Bath
*7
B N e
. | +10
g | 15
5 - . e20
g4 - - 25
p { 1 30
g 2 | 4} { U S S I 35
< - l T 40
1 45
o =
0 5 10 15 20 25 30 35 40 45 50
Temperature (Celsius)
-
) LpsAlamos UNCLASSIFIED
- NYSA
t‘%‘. Application: Determination of
Uranium Enrichment
Poly(styrene)/Dipex®
Natural Uranium 20% Enriched Uranium
E 200 - é
5 150 7 8 “1
100 ! J ‘)“ 200 - ‘W[f{
0 | u_ﬁ L | | . - X u-235
000 Ener;yoo?keV) 500 5000 o 0 Ener;'goo (keV) 00 5000
P
Los Alamos

NYSS
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Application:
Analysis of a soil sample

* 1gsoil sample prepared by NaOH fusion

1g soil & 6g NaOH liquefied over flame

Sample cooled and dissolved in 50 mL water

Iron oxide precipitate filtered under vacuum

Solid dissolved in dilute nitric acid solution with 0.1 mL saturated sodium nitrite
Placed on hot plate until dry

* Solid residue dissolved in 10 mL of 0.08 M nitric acid

*  Resulting solution analyzed with poly(styrene) and nitrocellulose polymer
ligand films

A
—
- Los Alamos
NISE
TN
[T o g I |
PR ‘ Poly(styrene) PLF
140
o _'[ —_— | * 5% extraction
100 T « 20 keV FWHM
g8
36
40
20 -
g ol "‘“ -
3000 3500 4000 4500 5000 5500 . 6000 6500 —’-’:Pu
Energy (keV)
- e
£ 400
. S
Nitrocellulose PLF des
e 7% extraction 100
o+ s,
,g) 60 keV FWHM e ok — i e
’ L??A'.a.!.“ﬁ’.s Energy (keV)

"o

FY=
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Application: Extraction of actinides from
urine

I‘A 1
.W& 1

S nals o el "

i " Ij - - -
figure 5: Alpha spectrum of americium-243 (left peak) and plutonium-238 (right peak) collected from urine under two different conditions.
A) urine treated with 2 mL 8 M nitric acid {Am recovery 9.5%, 30keV FWHM, Pu recovery 0.66%, 30keV FWHM),

B) urine treated with 1 mL saturated sodium nitrite {Am recovery 0.9%, 28 keV FWHM, Pu recovery 5.5%, 45 keV FWHM).

Gonzales & Peterson, Journal of Radioanalytical and Nuclear Chemistry, 282:543-547 (2009)

. | e}
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-
- Los Alamos

ot Low Alaeas

NISE

Comparative Alpha Spectrometry Analysis of Pu solution

o o0s T I - Pl A1 ke
PP-TBP Direct alpha counting <.n. | PP-TBP/back ex‘raction
2 oo
§ ‘
j 09008 4 i
s IL._____ T _’hul.uul; l::LMJ'_rA ,.l L — L

oo
Erasegy i ket
Evangy in ke

Direct counting of the PP-TBP filters is not sufficient to resolve the different radionuclides present in

solution.
Back extraction of the radionuclides into Decane enhances the resolution of the spectrum

1.0

08 PS-DIPEX
Analysis of a pure Pu-239 stock solution
on the PS-DIPEX membranes is sufficent o8
to resolve the different radionuclides
extracted onto the thin film.
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F.w. Final comments on applications/PLEs

=pH effects are very important

sSpeciation can be important (especially for Pu samples)
=Colloids

sSampling results & parameters

sLower levels of detection

sQOperational considerations

A
NYSA
Ma!c‘lc[\%‘ '
%6 2. Extractants to be tried: HDEHP
Figure 1
\/\j\/ Uptaite of Vonous Bements by L Resin
o]
AN :
p’</

T SR T e G
P——— "\ \ \\\}t\ \}.

=Developed as an extractant for Ln series; sold

by eichrom as their “Lanthanide” extractant SOl

Horwitz, E. P, Bloomquist, C. A. A., ) Inorg.
) Nucl. Chem, 37, 1997, 425-434.
o Loo Alamos

TIONAL LAROAATORY
ISR

NYSA
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& ... Extractants to be tried: Crown Ether

frgmes 2 and 3

Ac d dependency of k' for various wons at 23-25 C
SrRzan

v
0 o il 1
s I ~
,F/ 1t I"aa w ]
I‘/‘ Il /‘{ a .“‘L!
“ o ot | |
L\«/o\\/J iy 2SS I I
Dibenzo-18-crown-6 7 ‘ < a1 3 4 Ram g
- ‘; . Al ./ “.-l:
L <"1 [ - 1
- e E - |
sCrown ethers are known to extract ions from [ ( f Lot A
solution e v poer o R o
. . ) MO M- NG| W
=Eichrom utilizes a similar concept in their Horwitz et o, (HPROR
Strontium resin
=http://www.eichrom.com
- Los Alamos
NA'ION,\\}‘A:IOIAYORV
NYSE
Muu,-.-.h&.
¢& .t~ Extractants to be tried: TEVA
Figure 1
Trialkyl, methylammonium figass 2 & 3
ntrate (or chloride) " R
R\ R TEVA Resn .
= .
N+ NOZorCl” o .
R CH NN N
: 4 1 Y
I Y a 1
L
R = CgHyz and CygHay I 1A 4 A
’ a
Fi L]
1
=Used for the analysis of a wide range of !
analytes; from tetravalent actinides to il
lanthanides y,
Homgaty ot of (HP195)
A
T
> Los Alamos
FATGAL (A1014T0RY
NYSH
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¢4 .%.—. Extractants to be tried: U-TEVA

Figure 1

c.Hno >ﬁ\c

DP[PP]
{or D?opn%iwl p?u%g‘r?oﬂmtﬁmp)

=Used commercially for high uranium content

materials

.

s
- Los Alamos
NA'KONAL-L‘A,:‘OﬂArOﬂY

Figures £ ond 3

Acid dependency of k' tor vanous ions at 23-25 C
UTEVA Resln

P ——— .

]
13
r !
o E
"y |
w |
" o ||
t . 1
. ]
ol N T
| 1
T e NN
THNO,) M

Horwitz. et ol. (HP392)

Mas (1)

™
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