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Uranium age dating



233Pa Radiochemical Tracer:

• 233Pa next longest lived  protactinium isotope after 231Pa

• Separate and standardise ‘in-house’

• Protactinium hydrolyses & adsorbs to glass

• Rapid separation from of 237Np required

(40kBq 1.5mg 237Np contains 40kBq 52pg 233Pa)

237Np 233Pa 233U 229Th
2.1 x 106 y 27 days 1.6 x 105 y

a ab

Atom ratio 3 x 107 237Np:233Pa



• Glass wool X

• Silica gel X

• Solvent extract X

• Anion Exchange (HCl:HF or HBr) 

• Extraction chromatography 

-TK400 Octanol 

Separation of 237Np/ 233Pa
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• Anion Exchange –HBr

Separation of 233Pa from 237Np
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Seperation on Np-237 and Pa-233 using AG1-X8 resin
6x2ml HBr, 2x 9M HCl / 0.025M HF 

Np-237 Pa-233

cHBr

9M HCl

0.025M HF
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• Anion Exchange. HCl:HF mixes

Separation of 233Pa from 237Np

Pa(V)

Np(V)

9 M HCl Pa (V) Dw ~5x104 Np(V) Dw ~103

9 M HCl 0.025 M HF Pa (V) Dw ~2 Np(V) Dw ~100

0.025M HF
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• Anion Exchange. HCl:HF mixes

Separation of 233Pa from 237Np
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Seperation on Np-237 and Pa-233 using AG1-X8 resin
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▪ 6-9M HCl PaCl6
- , 9-12M HCl PaCl7

2- [Pa(OH)2Cl4]
-

▪ Protactinium adsorbs to TK400 (Octanol) resin in HCl (A. Knight 2016)

-Protactinium eluted with dilute HCl

Separation of 233Pa from 237Np
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▪ Extraction chromatography TK400 -hydrochloric acid

Protactinium & Thorium Separation from Uranium 

Extraction chromatography –TK400

Dw

10.5M 

HCl 

10.5M HCl

0.001M HF

10.5M HCl

0.01M HF

10.5M HCl

0.1M HF

Pa(V) 7x103 7x103 30 2
Adsorption of Pa(V) on TK400  

from 10.5M HCl decrease with 

hydrofluoric acid concentration 

Dw 7x104

HF 0.002 M 
Dw 2

HF 0.1 M 
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Seperation of Np-237 and Pa-233 using TK400 resin

Np-237 Pa-233

▪ Neptunium adsorbed??? (VI > IV > V in solvent extraction)

Separation of 233Pa from 237Np

0.03% 237Np ~70 ppb 1Bq/g 92% 233Pa  ~5ppt  4 kBq/g 

237Np:233Pa 

atom ratio 

14000:1



ThermoNeptune Plus

multi-collector-ICPMS

• Nuclear package

• Reserved for ultra-trace 

work

• Multi-collection vs 

peak-jumping

Off-axis array of ion counters Detectors on “typical” focal plane 

Detector IC4 IC3B IC2 IC1B L4 IC5 L3 L2 L1 C/IC1C H1 H2 H3

Detector type CDD SEM SEM SEM FAR CDD FAR FAR FAR FAR/SEM FAR FAR FAR

RPQ  ✓  ✓      ✓   



Improve 237Np: 233Pa: Separation

▪ Separation factor ~3x103

(3x107 to get 1:1 237Np:233Pa atoms)

▪ Dw values of Np (IV, V, VI) on TK400 resin

▪ Decrease resin volume?

▪ Increase wash volume?

▪ Repeat the separation? Careful drying down Pa!

▪ Np(VI)? Using BrO3
-
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Reagent Dw Np?

Fe2+ 4 IV 

H2O2 5 V,VI

HCl 8 IV, V,VI

Asorbic Acid 10 IV

Nitrite 11 V 



Improve 237Np: 233Pa: Separation
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Standardization of 233Pa

▪
233Pa (87 keV + 311 keV gamma)

▪
237Np (88 keV + 143 keV gamma)

-Measure 237Np with ICP-Q-MS 

▪ ICP-MC-MS 231Pa:233Pa 

–requires 231Pa standard
233U isobaric inference with 233Pa

▪ Standardise 233Pa using Ciemat NIST 

(98%-99% counting efficiency)
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Standardise 233Pa using 
Ciemat NIST 

3H=45% for SQP(E) 860



Standardise 233Pa using 
Ciemat NIST 
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LSC efficiency of 233Pa vs. 3H

% Eff 
233Pa

3H=45(5)%  231Pa=98.6

233Pa = 98.75(25)

= 0.25% U



Standardise 233Pa using 
Ciemat NIST 

233Pa 4.07(2) kBq/g 237Np 0.3 Bq/g Ratio   1:7x10-5

233Pa 5ppt 237Np 10ppb Ratio  1:2x103

Bq/g



Standardise 233Pa using 231Pa 
ICP-MC-MS 231Pa:233Pa 

–requires 231Pa standard

– 233U isobaric inference with 233Pa

– 233Pa/237Np separation >3x107 

– 3 x TK400 column 

231Pa 0.02 ppt 233Pa 0.2ppt
237Np 0.002ppt (0.5mBq/g) 238U 2ppt (10mBq/g) 



Summary

▪
233Pa prepared from 237Np;  tracer to measure  231Pa (U age dating)

▪ 1x TK400 column for 233Pa standardisation via LSC (<0.5%)

▪ 3x TK400 columns for standardisation of 233Pa by MC-ICP-MS

▪ Future work to obtain 231Pa standard 
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Thanks to
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Questions?
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