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Uranium age dating =
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233Pa Radiochemical Tracer: e
&\3}

« 233Pg next longest lived protactinium isotope after 2°1Pa

2.1x10°%y 27 days 1.6 x10°y
237N P 233 Pg —— 233U 229Th
o B o

« Separate and standardise ‘in-house’
* Protactinium hydrolyses & adsorbs to glass

« Rapid separation from of 23’Np required
(40kBg 1.5mg 23’Np contains 40kBg 52pg 233Pa)

Atom ratio 3 x 107 23'Np:%33Pa




Separation of 23’'Np/433Pa AN
o

 Glass wool X
» Silica gel X
e Solvent extract X

* Anion Exchange (HCI:HF or HBYr)

« Extraction chromatography
-TK400 Octanol




A
Separation of 233Pa from 23/Np
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« Anion Exchange —HBr ol -
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Seperation on Np-237 and Pa-233 using AG1-X8 resin = 40
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Separation of 233Pa from 23/Np

* Anion Exchange. HCI:HF mixes

102 100

104

DISTRIBUTION COEFFICIENT, Kp

100 s "'w ci

0.025M HF____|

9 M HCI Pa (V) Dw ~5x10*
9 M HCI 0.025 M HF  Pa (V) Dw ~2

Np(V) Dw ~103
Np(V) Dw ~100
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A

Separation of 233Pa from 23/Np

* Anion Exchange. HCI:HF mixes
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Seperation on Np-237 and Pa-233 using AG1-X8 resin
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Separation of 233Pa from 23'Np

6-9M HCI PaCl,-,  9-12M HCI PaCl,> [Pa(OH),Cl,J

e

Protactinium adsorbs to TK400 (Octanol) resin in HCI (A. Knight 2016)
-Protactinium eluted with dilute HCI

1 Radioanal Nucl Chem (2016) 307:59-67 @ o
DOL 10,1007/ 1096 701 541243 -rassiial
SNp pa
9MHCI 1 MHC
A chromatographic separation of neptunium and protactinium AR AN {5 bk
using 1-octanol impregnated onto a solid phase support
Andrew W. Knight' - Andrew W. Nelson® - Eric S, Eitrheim' - Tori Z. Forbes' - j
Michael K. Schultz** ]
Author’s Accepted Manuscript _ |
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Isotopes

Isolation and Purification of Protactinium-231
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Protactinium & Thorium Separation from Uranium F mepdd EHEE i
Extraction chromatography —TK400

- Extraction chromatography TK400 -hydrochloric acid

. 10.5M | 10.5M HCI |10.5M HCI|10.5M HCI
HCI 0.001M HF | O. Oll\/l HF | 0.1M HF

Pa(V) 7x10%

7x103

Hydrochloric acid =+

.

Code: A466-250 S Assay:32.36%HCI W
Lot No.: 4216120 o Maximu '"Specﬁca; A

Net: 250mL ‘=9 5 lu»-' ' —

CAS: 7647-01-0
UN1789 Class 8

OPTIMA Grade
Acide chlorhydrique . -
Salzsaure
Zoutzuur
rtification Date: 14/03/16
Dm Opened: __/__| MANUFACTURED IN CANADA BY
Yy SEASTAR CHEMICALS Inc.
;: “; 150?: c14l03l19 For Ultra Low Trace Metal Analysis

‘shor Scientic UK Linitod, Bishop Meadow Road,
iapborugh Loasnti, LEH S5, K . @;m.., hemical
ax.

Adsorption of Pa(V) on TK400

from 10.5M HCI decrease with
hydrofluoric acid concentration

10000 g s =
1000 - Dw 7x10% Dw 2
HF 0.002 M : |HF0.1 M
100 - ® 1
D, .g
10 - :
1 \ \
0,0001 0,001 HF (M) 0,01
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Separation of #33Pa from %3’Np A

Neptunium adsorbed???

0.03% 23’Np ~70 ppb 1Bg/g

\

(VI > IV >V in solvent extraction)

92% 233Pa ~5ppt 4 kBg/g

yd

100

Seperation of Np-237 and Pa-233 using&K4OO resin
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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 H1I H2 H3
Detectortype | CDD SEM SEM SEM FAR CDD | FAR FAR FAR FAR/SEM FAR FAR FAR
RPQ x v x v x x x x x v x x x




Improve 23’Np: %33Pa: Separation

- Separation factor ~3x103
(3x107 to get 1:1 %3’Np:233Pa atoms)

-  Dw values of Np (1V, V, VI) on TK400 resin

Reagent Dw Np?
Fe2* 4 v
H,O, 5 V, VI
HCI 8 v, V,VI

Asorbic Acid 10 v
Nitrite 11 \%

- Decrease resin volume?

= Increase wash volume?

- Repeat the separation? Careful drying down Pal
= Np(VI)? Using BrOy
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. \WE
Improve 23’Np: %33Pa: Separation @

Retention of Np-237 on TK400 column
100.00

10.00 =
T H2ml
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Volumn /ml
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Standardization of 233Pa 4@55

- 233Pa (87 keV + 311 keV gamma)

- 23’'Np (88 keV + 143 keV gamma)
-Measure 3’Np with ICP-Q-MS

- ICP-MC-MS 231pPa:233pPg
—requires 231Pa standard
2331 isobaric inference with 233Pa

- Standardise %33Pa using Ciemat NIST
(98%-99% counting efficiency)
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Standardise %*3Pa using P
Ciemat NIST Q@:
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Standardise 233Pa using A

Ciemat NIST 3H=45(5)% 231Pa=98.6
233pa = 98.75(25)
.. 233 3 —
100.0 LSC efficiency of 233Pa vs. 3H =0.25% U
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233pg
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Standardise %*3Pa using P
Ciemat NIST Q@:

233Ppa 4.07(2) kBg/g 2’Np 0.3 Bg/g Ratio 1:7x107

233pg  5ppt 23TNp 10ppb  Ratio 1:2x10°

Measurement of 233Pa (2018-08-08 12:00 UTC)
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Standardise “*3Pa using “!'Pa A

ICP-MC-MS 231pa:233pg
—requires 231Pa standard
— 233y isobaric inference with 233Pa
— 233pa/23’Np separation >3x107

— 3 x TK400 column
231pa  0.02 ppt 233pa 0.2ppt
237Np 0.002ppt (0.5uBq/g) 238U 2ppt (10uBg/g)
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Summary E@

233pa prepared from 23’Np; tracer to measure 231Pa (U age dating)
1x TK400 column for 233Pa standardisation via LSC (<0.5%)
3x TK400 columns for standardisation of %33Pa by MC-ICP-MS

Future work to obtain 231Pa standard
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