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Outline

-ARSlle Automated System
-Separation Challenges

-Examples of 2, 3, and 4 column systems
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Separation Challenges/Goals

Sampling
Extraction/Leaching/Fusion
Matrix
Tracing

Separation

Source Preparation
Counting




Separation Challenges/Goals

- Obtain desired analytes:
- in the necessary purity
- in @ matrix which is compatible with the available
measurement technique(s).

- Integrate system with sample extraction/fusion method
- Use as few different reagents as possible

- Use reagents that have long shelf-lives

- Use reagents that compatible with each other

- Minimize elution volumes



Available Tools

- TEVA
-Quaternary Amine: Th, Tc, Pu(IV), Np(1V), U(VI)
- UTEVA
-Phosphonate: Th, U(VI), Pu(lV), Np(IV), Po
- TRU
-Carbmoylphosphine oxide: Th, U(VI), Np(IV), Pu, Am
- DGA
-Diglycolamide: Th, U(VI), Np(IV), Pu, Am, ~Sr, ~Pb
- Sr Resin
-Crown Ether: Sr, Po, Pb, Pu(lV)

HNO, HCl Both
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Sr —> Pb, Po

TRU —> ThU

Examples
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TEVA —> Th, Np

i

TRU —> Am. Pu. U
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Sr —> Sr

Load = 4M HCI + 0.1 M Ascorbic acid
Load = 3M HNO; + 0.1M Ascorbic acid + 0.1 M Ferrous Sulfamate
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15t Example: Pb, Po, U, Th, Ra

- NATO Project, Uranium Mining/Processing Sites in former
Soviet Republics

- 238y, 234U, 230Th, 225Raq, 210Pb and ?1%Po from 238U decay chain
-232Th, 228Th, 2%*Ra from 23°Th decay chain
-Soil samples leached with HCI

-Ascorbic acid added to limit interference from Fe(lll)



Pb, Po, U, Th, Ra

@ 12mL
@12mL 6 M HNO,
bioxalate _, U Direct precipitation or
— ® deposition of column
4 MHCI —(5—) Th eluate:
@ sample \Q Ra BaSO, precip — Ra
in 20 mL
4 M HCI + PbSO, precip — Pb
ascorbic acid Sr T
R R Autodeposition — Po
e U
< CeF; precip — U/Th

Followed by alpha
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ppm (100x) or cpm/mL
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Pb, Po, U, Th, Ra

2.0 mL catridge Sr Resin, 22(1)°C, 50-100 um, 2 mL/min

Bed Volumes
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Pb, Po, U, Th, Ra

2.0 mL catridge TRU, 22(1)°C, 50-100 pm, 2 mL/min
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Pb, Po, U, Th, Ra

Th fraction
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Pb, Po, U, Th, Ra

U fraction U-238 U-234
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Pb, Po, U, Th, Ra

Ra fraction
Immediate Count
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Pb, Po, U, Th, Ra

Ra fraction Ra-226

1 week decay/ingrowth

Ra-224
Rn-222 by 218
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2"d Example: Th, Np, U, Am/Cm, Pu, Sr

-USAF Project (Marty Johnson Friday at 10:10)
-Soil samples, lithium borate fusion
-Dissolve Fusion with HNO,
-Filter to remove silicates
-Adjust oxidation states with Ferrous
Sulfamate/Ascorbic acid:

-Np(IV)

-Pu(Il)

-Th, U, Am/Cm, Pu by alpha spectroscopy (CeF, precip.)
-Np by alpha, gas flow proportional and/or LSC (CeF,

precip.)
-Sr by LSC or gas flow proportional



Th, Np, U, Am/Cm, Pu, Sr
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Th, Np, U, Am/Cm, Pu, Sr

Tracer
Soil Fraction Nuclide Recovery (%)* % Yield®
52 TEVA-Th Strip Th-228
12 mL Th-229 219.7"
8M Hcl Th-230 33.7'
Th-232
S2 TEVA-Np Np-237 N/A
12 mL 0.1 M Biox
52 UTEVA- U Strip u-232 58.4
10 mL uU-233
0.1 M Bioxalate U-234 98.6
U-235 103.6
U-238 1098
S2 TRU-Am/Cm Strip Am-241 1235
10 mL Am-243 28.3
4M HCI Cm-242
Cm-243 301.3
52 TRU-Pu Strip Pu-236
10 mL Pu-238 1278
0.1 M Bioxalate Pu-240 1150
Pu-242 62.7
52 Sr Resin Strip 5r-90 86.8

10 mL8 M HC

’Columns: 2mL TEVA, UTEVA, TRU, Sr Resin (50-100 pm)
bLoad: 45 mL3M HNO3 + Fe{ll) sulfamate/ascorbic acid
“Rinse: 10 mL 3M HNO3 + 0.1 M NaNO2

“Absolute recovery of tracer through column chemistry and dissolution of melt

“Yeild corrected for tracer recovery

'Paor alpha spectrum resolution, overlap of Th-230 and Th-229 peaks



Th, Np, U, Am/Cm, Pu, Sr

Tracer
Soil Fraction Nuclide Recovery (%)* % Yield®
S3 TEVA-Th Strip Th-228
12 mL Th-229 86.2
8M HCI Th-230 113.0
Th-232
$3 TEVA-Np Np-237 N/A
12 mL 0.1 M Biox
S3 UTEVA- U Strip U-232 66.6
10 mL U-233
0.1 M Bioxalate U-234 102.7
U-235 113.1
U-238 102.2
S3 RE-2-Am/Cm Strip Am-241 114.9
10 mL Am-243 55.9
4M HCI Cm-242
Cm-243 94.0
53 RE-2-Pu Strip Pu-236
10 mL Pu-238 87.2
0.1 M Bioxalate Pu-240 89.7
Pu-242 97.6
53 Sr Resin Strip 5r90 107.0

10 mL 8 M HCI

“Columns: 2mL TEVA, UTEVA, RE-2, Sr Resin (50-100 um)
bLoad: 45 mL 3M HNO3 + Fe{ll) sulfamate/ascorbic acid

‘Rinse: 10 mL 3M HNO3 + 0.1 M NaNO2

“Absolute recovery of tracer through column chemistry and dissolution of melt

“Yeild corrected for tracer recovery



Conclusion

- Demonstrated two separation methods on the ARSlle
-2 column (Po, Pb, U, Th, Ra)
-4 column (Th, Np, U, Am/Cm, Pu, Sr)

- Develop additional separations on ARSlle
-Single column methods (4 simultaneous samples)
-Additional multiple column methods
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