Overview and new
evelopments Radioanalytics

RadWorkshop 2024

Steffen Happel
09/09/2024

°.\ [ ]
\| "o

eeeeeeeeeeeeeeeeeeeeeeeeeeeee



Overview

1P

./ ®

 TK200 * Upcoming: TK-SrScint
e TK221  TK400

Sr-90 in sea water

TK100/1 (Radium)

TK102

Tc separation
— TK201

— TK202

— TK200

— TK-TcScint

e (Calixarene based resins

* New impregnhated membrane

filters

* On-going projects



TK200 ResiIn

N e
Based on TOPO extractant TOPO

High retention of actinides
« Higher than UTEVA, TEVA

Applications:
* Use for very efficient U removal from Pu (Wang et al.)
* Determination of Tc-99 in water samples (Ni Yuan et al.)
* Ga-68 production (in combination with ZR Resin)
* Actinide separation from water samples

Extracts actinides even at pH 1 - 2 (nitric acid)

* Preconcentration and purification of selected actinides on same column
e ‘Inthe field’? :



0. Actinides on TK200
(all data Van Es et al.)
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. U/Th separation on TK200

TK200 Elution U/Th - 1 mL TK200 Resin

100%

Th elution:
10x1mL
Rinse: 10 x 1 mL 3M HNO3 1mL 0,1M HCI / 0,1M oxalic

90%

0,
80% >—Sr

Load: 3M HNO3

70% =t

U elution: 10x 1 mL 0,1M NaHCO3
60% Pb

—&—Eu

50%
—— Nd

Recovery (%)

40%

—8—Th

30%
—8—Cs

20% ——Lu

—@—Ba
10%

— — —f—— = = ~=m ==

0% :
0 10 1 20 2 30 35
Volume (BV)

Load: 3M HNO; or = 1L pH2 (HNO,)
Very clean U/Th separation 5

Oxalate instead of carbonate



TK200 Resin - U/Pu separation

[Liquid Sample | [ Solid Sample |

+ Ashat450°C
+  Add #*2pu as tracer
* _Leach with mixed acids (HNOyHCI, 3:1)

Leachate |

*  Add NH3H;O to pH 8-9, centrifuge
* Add NaOH, centrifuge

| Fe(OH), co-precipitation |

+  Dissolve with HCI

*  Add K,;5,0 and stir for 20 min

*  Add NaOH to pH 9-10, centrifuge

| Fe(OH), co-precipitation |

* Dissolve with HCI

*  Add HNO,, dilute to 8 M HNO,

Sample solution with

Pu(lV)

+ Add HNO;topH < 2

+  Add 2Py as tracer

+  Add Fe (FeCly)

*  Add NHyH:0 to pH 8-9, centrifuge
= Add NaOH, centrifuge

*  Pre-condition with 10 mL 8 M HNO,

* Load the sample solution

* Rinse with 10 mL 8 M HNO;

*  Rinse with 40 mL 3 M HNO;

+  Elute with 30 mL 0.1 M NH,OH-HCI-0.1 M HCI

* Pre-condition with 10 mL NH,OHHCI-0.1 M HCI
* Elute with the same 30 mL 0.1 M NH,OH-HCI-0.1 M HCI

+—olf 7200 Resin z'——' TK200 Resin 1 F

| Eluted solution |

* Heat to dryness
* Dissolve with 0.5 M HNO,

| ICP-MS/MS measurement |

Figure S1. Analytical procedure for determination of plutonium isotopes (***Pu, #*°Pu,

?'4DPLI, 241 PLI:I

Recent publication by Huang et al.
Better U removal: D{U) > 10°
Additional U removal via He+NH,
Overall D{(U) > 103
Pu isotopes incl. Pu-238 via ICP-MS/MS
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Zhao Huang, Xiaolin Hou, Xue Zhao, Rapid and Simultaneous Determination of 238Pu, 239Pu,
240Pu, and 241Pu in Samples with High-Level Uranium Using ICP-MS/MS and Extraction

Chromatography, Anal. Chem. 2023, 95, 34, 12931-12939,
https://doi.org/10.1021/acs.analchem.3c02526
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Elution of Th from 1g TK200 resin cartridge

120,0
100,0 load: 900 mL tap Th strip: t
. water/ 0.1M HNO, AMHCI
o 800 Th strip:
= 0.1M
£ 00 NH,HC,0, | I
§ 40,0 | | |
20,0
0,0 ® ———0 ® . .—Q——‘J
0 200 400 600 800 1000
Volume, mL
Elution of U from 1g TK200 resin cartridge Am strip:
i 3M HNO,
. Th strip:
A0 load: 900 mL tap 4MHCI
_ 120 water/ 0.1M HNO, Pu strip:
£ 10,0 AM HCI/KI
-:3 80 U-l strip:
=2 0.1M
5 ol bioxalate
4,0 ||| U=l strip:
3 0 0.1M
0,0 e ———g- lHCUHF
0 200 400 600 800 1000 Y-l strigs
Valume, mil 0.1M
Na,CO,

% of Pu eluted

40,0
35,0
30,0
25,0
20,0
15,0
10,0

5,0

0,0

Actinides on TK200 - Application

Elution of Pu from 1g TK200 resin cartridge

Elution of Pu from 1g TK200 resin cartridge P

nsr: [\ o Am strip:
e [ T I 3M HNO,
£ 1k I. I Th strip:
fo 4M HCl
— L *\f‘ Pu strip
ool HAH (see
load: 900 mL tap window)
water/ 0.1M HNO, | |||
[ ]
200 400 600 800 1000
Volume, mL

Data by N. Vajda (RadAnal)

Method development on-going

Direct load of U, Th and Pu from
acidified water samples (here 900 mL
on 2 mL TK200)

Sequential separation on TK200
Automatisation & ‘in the field’ 7
preconcentration’?

1200



0 o Actinides on TK200 — Apnlication
b Va1 B
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® s, TK200 — direct Pu load/separation

Talanta

One TK2OO Cartridge = \I.-\'][-IZ Volume 262, 1 September 2023, 124710
* Preconcentration and purification
Automized separation A novel strategy for Pu determination in

water samples by automated separation

Acidified water samples (1 L) in combination with direct ICP-MS/MS

FlOW rate 15 mL/mln measurement
U D F: 1 04 - 1 05 Youyi Ni * 9 X, Wenting Bu ?, Ke Xiong ? Sheng Hu ? Chuting Yang ?, Liguo Cao b
LoD:

* 0.32pBg/L Pu-239
* 2.00 uBg/L Pu-240

02-He reaction/collision gas

Directly send to M5 measurement ‘
- | 1

=i . e .
'_-'._:":_.- S
- e
2

i 65% of Pu in 2 mL eluent ‘ ” .
164 ~ . l

L
E
E o f,’ﬁ'all s Reduced reagent usage
: * Minimized labor intensity 9
R — " s ‘-/_/Il - \\:“"_ e » LODs for Pu down to pBag/L

Up ta 1 L water u..-u.,...;.:.,...,--..u



rather low U retention

very high U retention

= TK221 Resi
% esin
P TEVA+ TRU + DGA
Load B Add 3mL 3M HNQ- beaker rinse. DGA R ]
_ i 10mL 3M HNO, column rinse ° .
Solution Split Canridge; esin.
* High Am retention,
. TEVA ) ncA
2omL oM :un‘:wlfRTm:iG'Fm h 1 b '“';'RL‘:;ZJ\-;E-;’;"‘ os | DGA
5mL 3M HNO .
l * TRU Resin:
Elute Pu w/ 20mL 0.1M HCI-0.05M Stack TRU + DGA e Low Am retention ,
B = Add 15mL 3M HCl
1 (Mowve all AmyCm to DGA)
|
— -+ e For high matrix

Add 0.5mL 30 wi%
H.0; to oxidize any U.

Rinse w/ 5mL 3M HCI,
amL 1M HNOs & 10mL
0.1M HNO,, and 5mL
0.05M HNOQ,; (Remove La)
Elute Am/Cm wi 10mL
0.25M HCI

Rinse w/ 12mL 4M HCI -
0.2M HF- 0.002M TiCly
& SmL 8M HNO;

Elute U w/ 15mL 0.1M
MHsHAC204

Y

Maxwell et al 2011, Concrete

Add 50ug Ce to 1mL 49% HF Filter &

count by alpha spectroscopy

y

Add 0.5mL
10% TiCly

and brick samples

Maxwell et al.

samples often both
needed

10



TK221 Resin

Resin based on a mixture of diglycolamide and phosphine oxide + traces
long chained alcohol on inert support.

 Main applicationsin

RadPharm:

* Lu, Tb concentration

from high acid and
elution in small

volume of dilute HCI
* Ac-225 purification

* Applications for the
separation of
actinides

1,E+06 7
K
1.E+|:|5 3
1,E+04 4
1,E+03 1
1,E+02

1,E401 4

1,E+00 4

1.E-01

L}TK221 -HNO3

Fa
1» Thmeasured

measured
|

(Papp, I., Vajda, N. & Happel, S. An improved rapid method for the
determination of actinides in water. J Radioanal Nucl Chem 331,
3835-3846 (2022). https://doi.org/10.1007/s10967-022-08389-9)

1,E-02

1,E-01

1,E+00

[HNO3], M

1,E+01

1,E+06

1,E+05
1,E+04
1,E+03
1,E+02 3
1,E+01

1,E+00 3

Cal
Th measured_ -

TK221-HCI

U measured

-

1,E-01

1.,E-02

1,E-01 1,E+00

[HCI], M

1,E+01
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N TK221 Resin — actinide separation

o
Modification of DGA Resin e I o
« Contains TO-DGA / phosphine-oxide - e
* higher load and more radiolysis stable inert
support ()’ O B
. Higher U retention than DGA | 5 wole..
 Higher Am retention than TRU e e

15 mL0.25M HCI

* Potential interest for Actinide separation,

B .
particularly Am Ut Amjcri g , e T o,
Cooperation with Nora Vajda i |
Method development for water samples 00 wu
* TEVA/TK221 method |
« |deally later also soil and decommissioning e ? !
samples S
* Influence of Fe and Ca Papp, |., Vajda, N. & Happel, S. J Radioanal Nucl

Chem (2022). https://doi.org/10.1007/s10967-022-08389-9
12



https://doi.org/10.1007/s10967-022-08389-9

TK221 Resin

100

Elution of Th, Pu, U, Am from TEVA-TK221

load:
3M HNO,
AI(NO;);

sulfamic a.
ascorbic a.

NaNo,
50 mg Ca
14 mg Fe

Th and Pu removed with TEVA.
Am and U separation on TK221 Am elution before U

wash:
IM HNO3

wash:
AM HCI/HF

Ar U:0.1Mm

0. bioxalate

80

bhd

Table 3 Recovery of actinide tracers from spiked water samples

Actinides determiantion

Without Np separation With Np
sepmatlon

Yield Yield

% %
TAP water
B0Th G0+8 86+7
By 1087 95+7
HNp - 91+9
HlAm 103+7 97 +6
Biy 1037 70+7
SEA water
=0Th 7127 616
Bpy 91+7 876
BNp - 93+8
Hlam 80+7 92+6
By 88+7 59+6

Analyte  Target values Measured values Relative bias MARB®* Z-score”  Test evaluation

Mean activity  Standard Activity Standard Relative stand-

concentration  deviation concentra- uncertainty ard uncertainty

(sd) tion

Bg/kg Bg'kg Bg/kg Bg'kg % % %
Bpy 5.93 2.2 5.09 0.24 4.7 14 25 0.37 Accepted
Hlam 485 0.57 473 0.15 3.2 2.5 30 0.21 Accepted
¥4Cm 7.02 2 7.19 0.34 4.7 24 25 0.09 Accepted

*Maximum Acceptable Relative Bias

7 =IXreported—Xtargetl/sdtarget

Method tested on spiked tap

and sea water samples

High yields (88+ for U and Am)
Analysis of IAEA-TEL-2021-03
WWOPT successful
On-going: use for solid

samples

13
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Tandem TK200/TK221

i 35 g Marine sediments
= Add Mham eracer
= Leaching with 50 il oo, HRG:,, #
mil HF, 2 mL HyOy ot 200°C fer 4 b
= g 0.8 g Baric ackd, heepl a1 200 T
For 3] min

Acid leaching

= Larrifuped wnd s paraied

¢ Evepomsted the bechate bo dryneas
anid dizsoked in 8 R HYO,

# A0 2 g MalD | =

i
I_ ___________
4 Filtar wreh 045 pm fles
o EeidPeanbon wits HMD, soipH 1-2
4 Eaaporation inme sl sok me
v Sqd e traces

At MH,OH, insulate Tod T h at §0-00°C
* Centriuged and separabed

[I5] precipalaion — Remevr alhali and altaline metak

* Re-dissnkesd in 8 81 HND,
© Add D2 g e

(231

= [1] Binsewith 20 mL 8 M HWO, (remove B0, TL P, HE,

.14 T

o aE 03 OewT 45, dEdake 5
mil 2 P MMELRHR T M HEOCH

.........

= Load in B M HRO,
& Ringa with 10 mL B M HNDO,
Lresniowe Pu, U, Th, Kp, Hf|

After sampshe lnooing, remoue T soiurrn

41, Ca, Na}

[2] Rines with 30 mL 0.1 M HND, [ramove F1, HE T Fal

[3] Rinsewith 15 mL conc. HO [remove 81, #h, TI)
[4] Ebte weith 10 mL (.3 f HED

2 [Vepove Me Wore Ginar spmpee isading
[4] g Dvscovd (L1 (Z}end (3] rindes

#m eduent i
TSI Fod manne o seawaters
1 1) Fn e watth 1% mill 1 P
1 men
HH,SCHAD 1 B HCDDH | sediments
| ve AEES| =
| 2 El e with 15 mL 4 1 E

Hl

12} rh- Exsgacd (L]

- 1
U B aluppl  —
[ okt

W

1] Hest to dryness, add 4 ml squa regia
| ] Hiaat ta deyniess, dissobad in 2% HNDy

v A 50 mig Fe{lll|, mbesd. Adpsi the pH o 8-5

» Ling Zhang, Emilia Vassileva, Determination of
ultra-trace level 2'Am in marine sediment and
seawater by combining TK200-TK221 tandem-
column extraction chromatography and SF
ICP-MS, Talanta, 271, 2024, 125724,
https://doi.org/10.1016/].talanta.2024.125724

Conclusion:

For DGA separation, the decontamination factors
(DFs) for Pu, U, and Th were calculated to be (1.8
+0.4) x 103, (3.0 £ 1.0) x 104, and 24+6,
respectively.

For TK221 separation, the DFs for Pu, U, and Th
were (1.5 £0.2) x 104, (2.1 £ 0.3) x 104, and (1.2
+0.1) x 103, respectively.

It can be seen that the TK221 resin displayed
remarkably better performance for the
removal of Pu and Th than DGA resin, while
with an excellent decontamination ability of U,
close to DGA. 14

=> Use for Ra-226/8 instead of DGA?


https://doi.org/10.1016/j.talanta.2024.125724

® o Ac separation => RP presentation

Optional Rinse 2:

5mL 10M HCl
Bi removal
3 4 Rinse 3:
Rinse 1: 5mL0.05M HNO,
10-15 mL6M HNO4 Fe, Po removal
Load: Ac elution:
6M HNO4 <5 mLO.05M HCI

./-
J TK221 Resin

1-4 5
Waste «—~——> Ac-225in 0.05M HCl

Load from 2-6M HNO3
Rinse with 6M HNO,

10M HCL => Bi removal and
0.05M HNO, (Fe removal)
Ac elution in 0.05M HCI

Po remains on TK221

>

Recovery (%)

Separation on 1 mL TK 221 PC:1mLTK221
Load : 1 mL&M HNO3
' Rinse 1: 10 mL& M HNO3
Rinse 2: 5 mL 10 M HCI

Rinse 3: 5 mL0.05 M HNO3
Elution : 6 mL 0.05 M HCl

Rinse 1: 10 BY 6 M HNO3
Rinse 2: 5 BV 10 M HCI
Rinse 3: 5 BV 0.05 M HNO3

= I.'I
* o8 e o '.
A 0 g g 5 -
1 2 3 & 8 9 10 11 12 12 14 15 16
Fractions
Po separation on 2 mLTK221 cartridge - 2nd separation

E;.
|'I.|
2
(=]
2
=)



# s, Sr-90 in seawater via DGA — KAERI method

LSC 2024
Raddec/Trsikem Jointworkshop, 18® Apr 2024, Porstmouth

A simple and straightforward technique for
analyzing radionuclides in seawater

18 Apr, 2024

Hyuncheol Kim (hckim3@kaeri.re.kr), Gahyun Kim (ghkim97@kaeri.re.kr)




# s, Sr-90 in seawater via DGA — KAERI method

Materials and Apparatus

SALT-100 (WITHTECH Ltd. ; South Korea)

Eight peristaltic pump
Flow rate: 10 — 100 mL min-'
Applicable with 2 mL/ 5 mL column

https://www.withtech.co.kr/en/busi/new_busilist_5.php

rRISHE M
INTERNATIONAL

AMP-PAN (or KNiFC-PAN)

DGA resin
Hidex Q-ARE
TS ™ .~ S Tyt ') I
2 mL column Ty | ‘ |
- " Automated Radionuclide Quck

Extraction S){f{[em R aconucie

The most advanced automated radionuclide extraction chromatography

system dedicated to radionuclide separation from environmental,
food and decommissicning samples.

Quick and easy-te-use unattended radionuclide evtrastion

User friendly, intuitive and hassie free. https//www h idex. co m/ B 4




e Sr-90 in seawater via DGA — KAERI method

0Sr in seawater; procedure

80 mL min?!cht! 5 mL mintch?

LA ™ T [T A

2 hr 1.5 hr

90 N0y

—

Seawater Pretreatment Chemical separation 90Y solution Measurement
60 kg (SALT-100) (Q-ARE 100) 10 mL (Quantulus 1220)

Pretreated seawater

[ematmerd Presentation by Hyuncheol Kim at the

Filtration(GF/F)
Dilute to 3 M HNO5 using Conc. HNO,

l >0 Triskem / Raddec Workshop,

)
Again dilute ta 3 M HNO, [Chemical separation]
@ Sample

@ 10 mL of 3 M HNO;

g boA Simasuier 18.04.2024

(imL, BV) 1# Purified ¥ solution 40 mL of 0.1 M HCl

D b o o Y Available on our website

DGA (@ Dissolve with 10 mL of 0.1 M HNO,
(ImL, BV)

L] a0 s each 10 imes by LSC Video also available upon request.

WoW
r'--.ﬁ

20d Pyrified Y solution & Precipitate D 7
p =7 PRI AR
[ (40 mL) Centrifuge Y{(OH)5 a0y & fumi = ‘l"“”.'t::mmﬂ -




. Sr-90 in seawater via DGA — KAERI method

» Rapid automized separation of Y-90 from sea water (60 kg)
« Aim: determination of Sr-90
* Faster than standard methods

» Potential drawback: Sample needs to be adjusted to 2M HNO,
=> large amounts of conc. HNO,

« Ongoing: modification of DGA to allow loading from 0.2 — 0.5M
HNO, => significanlty less HNO, conc needed for adjustment

=> TK227 Resin
« Similar approach for Am possible?
« SALT / Q-ARE approach also for used Cs-134/7 via AMP-PAN



TK100/1 Resins

Based on same crownether as SR Resin

* Different solvents, Sr and Pb uptake also between pH 2 and 7
* Concentration and purification on same column

4.4(5)drbuleyclohexano 1o i Tt R [ R T C‘ P w‘m;:i‘ :
f ] ; A"" £ 4] ) ASr-90
o » 'y L
o 07 % 107 E 102 ¢ 3 Pa V) @ DY-90
. g E i i = E / el 1000} [m]
by 4 o~ 0 0. ~. o) [ Ba(ly ] f [ 1 i /,"’ 1 E
- o N " | I | /np ovi / s ] - F
[ E| Teoom Y 3 -
Py = | ] o E| =] -
- / 1 : L
) O o9, 1 ) s d ld'. s " ] _EJ 100} [n]
0 Fy Ra () 160 L / 171 L/ | E E
S ® 3 E / J &)y [ | x F
. . F g | / kg <04 | Q f & ™y
Diluent: 1-octanol il LA 4 1 1 L a
P4 o b gl Ky <0.6 &
; rm © ! 10} F ﬁﬁﬂ:t[]
T _.4_'4.:?.‘ s ) [— Ll uéc [
HNCs) & [HNOs| 1 4

HCI [M]

Typical applications:

* Pb-210 in water samples (up to > 5L per 2 mL column/cartridge)
* Sr-90 by ICP-MS (very high Zr-90 decontamination) => NPL
 Ra-226 by ICP-MS => NPL (Load and purification in one step)

* Agilent application note

L SR
0.01 0.1 1 10 0.01 0.1 1

HNO, [M]




TK100 Resin

Development for measurement of °Sr and 4%°Ra by
Russel and Van Es from NPL

o ® @
o & &
. .. .. . Rapid Analysis of Radium-226 in Water
@ ® o
... samples by ICP-QQQ https://www.agilent.com/cs/library/applications/8800_ICP-
® o MS_5991-8324EN_radium_analysis.pdf
-© % "- Application Not
. pplication Note ) |
. Nuclear, environmental Applied Radiation and Isotopes 126 (2017) 35-39
Contents lists available at ScienceDirect s st
Authors Applied Radiation and Isotopes
Ben Russell', Elsje May van Es'?%, ' - journal homepage: www.elsevier.com/locate/apradiso R

Glenn Woods?®, David Read'?

1. National Physical Laboratory, RADIUM 90
Teddington, UK Development of an optimised method for analysis of “"Sr in @ CrossMark

decommissioning wastes by triple quadrupole inductively coupled plasma

2. Chemistry Department, University mass spectrometry

of Surrey, Guildford, Surrey, UK

Y

B. Russell”, M. Garcia-Miranda, P. Ivanov

National Physical Laboratory, Hampton Road, Teddington, TW11 OLW, UK

TK100 contains HDEHP
=very high Zr retention => high Zr decontamination
= Sr elution in 20.5M HCI


https://www.agilent.com/cs/library/applications/8800_ICP-MS_5991-8324EN_radium_analysis.pdf
https://www.agilent.com/cs/library/applications/8800_ICP-MS_5991-8324EN_radium_analysis.pdf

TK100 Resin

Sr, Pb, U, Th separation on TK100 Resin L: 1mL A0 0,01M HNO3
R1-RS5: 1mL 0.01M HMo3
R1-R10: 1mL H20

Sr1-5r5: 1ml 1M HCI
Thl-ThS: ImL 0,2M oxalic acid

h Pbl-Pb5: 1ml 0,01M EDTA
U1-U02: 1mlL 0,2ZMEDTA

- |
| |
| iy
{ * . "h @ CrossMark
&

| M, - -h-r.. E
' R 111 A AAAARARRE N XA A i'i"i‘r’l'l 44

Volurme (BY)

o N = = c m ™

TK100 contains HDEHP
=very high Zr retention => high Zr decontamination

— Sr elution in 20.5M HCI


https://www.agilent.com/cs/library/applications/8800_ICP-MS_5991-8324EN_radium_analysis.pdf
https://www.agilent.com/cs/library/applications/8800_ICP-MS_5991-8324EN_radium_analysis.pdf

P TK101 - Radium

TK101 Group 1 and 2 NPLE

. ; —8—Na
#—Rb

108
—&—Cs
#—Ca

103

104

= ¥ 103 \
10":
o

109

[HCI M [HNO,] M

=
in Bay

I=HCEC™1 ‘
n Che y

Data provided by
* Raretention from water/dilute acid up to ~0.5M HNO,/HC| Russetetal. (NPL)

* At higher conc. selectivity closer to SR Resin/TK102 Resin



TK101 Transition Metals

Transition Metals

106

105

104

——Fe

—a—7Zr
—a—Nb
—e—Mo

A—Tc

102 10-" 100 10°

[HCII M

Transition Metals

108

105
10¢

A— Fe

Y

¥ 103 -z

—a— Nb

®— Mo

102 ——Tc

102 10 10° 10° Data provided by

[HNO5] M

Russel et al. (NPL)
24



TK101 - Ra

108

10°

104

Y 103

102

10%:

102

_I'f‘ \‘\
—8—La
\ Ce
\A.__L\ —&k—FEu
b
i‘.,l —a—Lu
—&Fb
A —e—Ei
- ——Th
\.\ :" —h—
\\ IlI —a—Np
N A .
\\ II Am
. (1[4
\ A
x b
=
N
e e T
1041 100 101
[HC M

108

10°

¥ 103

102

10%

No / extremely low selectivity for Th/U
Very strong Pb retention => elution in high HCl or citrate
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Ra separation on TK101

Elution study - 8 mL TK101 Resin

kst Rinse: 5x 1BV 0.05M Ra Elution: 5x 1BV 3M Ba '(f)lut'oni LA
o HN
o0% -.O HNO, HNO, 3
% 2
e
e
B80% wn
=
=]
70% 3
—
60% B e
H}- s P
]
g S0% | ——
L]
= —a—a
40%
=a=Th
30%
=Pt
20% . b
"I =a=Ra
10% ¢
0 o - . S
P P P 3 P P P o P Fr e -, o~ o o Py
"-"J:, '{JO "fr'o "-’0 .",."; ,r/rn -),:, 4-),:, 41",} A.’O 4.’{_-, ﬁ/,- JO 1’/_9 'f',a .’0
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Good Ra separation when loading from diluteBi partially retained from 0.05M HNO4/HCI
HNO5/HCI Ra eluted in 3M HNO4

When eluting Ra in 3M HNOg, Ba, Pb, Sr Further Ba removal via TK102 possible
remain retained Tl and Ba eluted in 8M HNO,4

No retention of U, Th, Pt, Ir,... 2



. On-going work: test of other crown
ethers and diluents

Aim: two resins: a. improved version of TK101 and b. Ra Resin
working at elevated acid concentration and elution in dilute acid

Compound Name Abbreviation
(\O/ﬁ Dicyclohexano-18-crown-6 DCH18C6
o
K/O\J
(\oﬁ 4,4'(4,5")(5,5")-di-tert-butyl- DBDCH18C6
U U cyclohexano-18-crown-6
Lo J
Of\ O/\~ Dibenzo-21-crown-7 DB21C7
O O
O O
4,4'(4,5")(5,5")-di-tert-butyl- BDB21C7
— dibenzo-21-crown-7
°§
(\ /W Dibenzo-24-crown-8 DB24C8
L )

Presentation |. Dovhyi at NRC10



e TK102 Resin

* Modified version of SR Resin
* Same crown-ether
* Dliuent, inert support and CE/D ratios => different
* Higher Sr, Pb and Ba retention than SR Resin

* Less bleeding of organic materials
* Should lead to better shelf life

* Work by Illarion Dohvyi (Poster during ERA14), Marine Bas,
Soumaya Khalfallah, Nora Vajda, Steffen Happel
* Originally optimisation for Ra/Ba separation



0 o TK102 Resin - Determination of Kd values
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Distribution coefficients of selected elements on Distribution coefficients of Sr on TK102 Resin in
TK102 Resin in HNO, 3 M HNQO5 in the presence of different salts
. . » D, Sr decreases by 30% with NaNO5 up to 1
3
» Sr, Ba, Pb and Tl show high D, in HNO, M w

» no effect of KNO5 and Ca[NOs;), up to 0,05 M. 29



CN TK102 Resin — Elution curves
comparison vs SR Resin - Sr separation

Separation on 1 mL TK102 Resin

o TK102 Resin vs SR resin:
—n Sr elution study in 8M HNO; load
| | Elution: 10 BV 0,05M HNO3 Bi medium

Load: 8M HNO3
Rinse 1: 5 BV 8M HNO3

Rinse 2: 5 BV 3M HNO3 0,1M Ac oxalique
Rinse 3: 5 BV 8M HNO3

_ - Resins TK102 and SR similar for
Q:;;F#b._,_._____,_,_, the separation of elements

9 20 21 22 23 24 25 26 27 28

S S ] Th/U/Pb/SR/Ca/Bi/Y/Ca and Ba

Separation on 1 mL SR Resin
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TK102 Resin — Elution curves

¢ comparison vs SR Resin - Pb separation

Separation on 1 mL TK102 Resin

90%
80% -
3 % fﬂn
70% % g % 5 ‘II \ T
T 60% ; 2 = b2, | Iﬁ u
g ~ g ‘5 é J \ ——Pb
”g 50% "2 n o " | \ ) 8
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0 s L1} @ | \ Bi
10% * w 2
c 2 £ ‘ \ "
= = & || \ ey
0% \ Ca
3 f v ——
| \ —a—B
20% [
[
10%
by o S l =
0% £ —i—a—a—a—a—a—d—a
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
Volume (BV)
Separation on 1 mL SR Resin
100%
80% o \
s S
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— T i e
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% 50% 5 wn ﬁ L Sr
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o [0 [} [ Bi
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& E [ ==Y
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\ e
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o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Volume (BV)

.'.'\‘ﬁ——_;

TK102 Resin vs SR resin:
Pb elution study with 2M HCI
loading medium

Resins TK102 and SR similar
for the separation of elements
Th/U/Pb/SR/Ca/Bi/Y/Ca and
Ba
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ecovery (%

0 . Ra/Ba separation

Separation on 1 mL TK102 Resin (100 - 200pum) - ~0.5BV/min

100%

908

Rinse: 15 BV 3M HNO3

* SR Resin: high Ba breakthrough
starts after 7 — 8 bed volumes

« TK102 Resin: significantly

lower Ba breakthrough

Load: 3M HNO3
|

> 2 L

r—

1 8 a9 10
Volume (BV)

e Suitable for Ba removal from

Separation on 1 mL SR Resin (100 - 150 um) - 0.5BV/min

100%
80%
e Rinse: 15 BV 3M HNO3
0%
m
60% g
= —_— 5
50% E :
a0% k] Ph
3 —+—Ra
30%
20%
10%
o .4 . @ @ & G < < = o - < = = - 3
0 1 2

8 9
Volume (BV)
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2, Tc-99 separation

Tc-99 (difficult to measure — DTM Radionuclide) — 100% beta
emitter

TEVA resin allows for Tc separation but quantitative elution needs
highly acidic medium

> New resins resins developped for loading from both acidic or
alkaline media and elution in slightly alkaline or water

TK201 resin
TK202 resin

TK-TcScint

33



2 TK201 Resin

Based on tertiary amine (weak Anion Exchanger)
Impregnated on inert support

Main applications: R R2
* Tc separation \N/

* Environmental monitoring

* Decommissioning ‘

* Similar selectivity to TEVA but easier to elute R3
* Use of NH,OH or 2M HNO,

* Cu separation
* On-going development
 Radiopharmacy
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Data Russel et al. NPL
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o . TK201 — Dw values
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Tc retention significantly higher in HCI
No Mo retention at > 0.7M HNO, 36




. % TK201 Resin — Elution curve

Load of sample at pH 1-2 to retain Re & Tc
Interferences removed during load/rinse

Mo elution at 0.7M HNO,

Elution of Re @ 21M HNO, possible, for Tc >2M HNO,
Preferable eluton options: 2 0.2M NH,OH

RefMo separation - TK201 Resin

won on 2 mL TK201 cartridges
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0 . TK202 Resin

Polyethylene Glycol (PEG) grafted on inert support HJ(OAFOH
Aqueous biphasic system (ABS)

Retention of chaotropic anions e.g; TcO, in the presence of

kosmotropic anions (SO,%, CO;%, OH-, MoO,~,...)

For samples rich in Mo: Tc yield > 90% for 6 — 8g Mo per g TK202

1,0E+03

1000

1,0E+02 n

u ®
o & . o * .
" £ i s 8
lG . '
&= s ‘ 0
106+ mTc T -
o S 100
@ Mo =
Re 'g
=
=
=
1 0E+00 =) @ Tc solution without Mo
@ Tc solution containing Mo
10
0 20 40 60 a0 100 120 140

1.0e-01

1 2 3 4 5 6 7 8 9 10 Content of Mo [(mg)

Concentration [NaOH] en mol/L
Dw values for Tc, Re and Mo on TK202 Resin, at varying NaOH Dw values for Tc in 5M NaOH using 40 mg TK202 Resin, 38
concentrations. Tc data taken from Cieszykowska et al. increasing amounts of Mo. Data taken from Cieszykowska et al.



TK202 Resin

TK202 Resin

—
=]
=1

Retention of Tc from concentrated NaOH

medium (5 - 7M)
* Alkaline Fusion e.g. decommissioning
samples
* Dissolution of Mo target
* Clean separation from other tested

elements
Re can be used as internal standard

Elution in a small volume of water
 Eluatremains alkaline
 Load on CEXto neutralise medium +
remove Na* THEN
* Load on aluminum oxide to remove last
Mo traces + elution in 0.9% NaCl

Load: 1BV A, 5SM NaOH
Rinse: 2BV-11BV 5M NaOH
Elution: 12BV-21BV H,0

n =3 =1 ® ©°
=] =] =1 =]

=]
=
Y

Mo

Recovery Yield (%)

= w t '
=] S =) =
-

=]

0 5 10 15 20
Volume (BV)

Re/Tc separation from Mo on TK202 Resin

Re separation from various elements on TK202

e
Rinse: 4 x 2.5 BY S0 MadH futlon: 4w 258y Water

B2

. Load: 2.5 8% 58 NaDH

Re separation from selected elements on 2 mL TK202 Resin
cartridge, load and rinse at 1 BV/min, elution at 0.25 BV/miR9



% TK200 Resi
*+, TK200 Resin
== ?
yemmmmsssssssssssssEssssas .. AdjustpH7-8 ___
—— 1000 g . . ==
Ne=s0— ETCO(_{ Ti* R 04‘: by NH3 Hzo -
= U
__400 ."TC4+ Ti* Re** ,'.' -
200 - -t '
e
1. water sample
?g_ —Beta
——Beta Triple

0 200

400 600 800 1000
Spectrum

Typical spectra of *Tc
using TDCR-LSC

Mix directly with

scintillation cocktail ,

Journal of Environmental Radioactivity Fra
< Volumes 251-252, October 2022, 106954

ELSEVIER

Rapid determination of ?°Tc in water
samples using Ti(OH)3-TcO, co-
precipitation and TK200 resin by
liquid scintillation counting

Ni Yuan % Quan An % Shan Xing ® ® 2 5, Xiongxin Dai % Xiaolin Hou © 9,

. . TcO,
Dissolve with ReO
conc. HNO.3 0 [TiO(H202)]2+

llllll
2 =

a /; TK200

Elute with ¥ ¥ ¥ T ¥ ¥
NH,SCN




#ewgd  Journal of Environmental Radioactivity Erta
- < Volumes 251-252, October 2022, 106954
ELSEVIER

Rapid determination of °Tc in water
samples using Ti(OH)3-TcO, co-

| precipitation and TK200 resin by
Water sample(1 L) | liquid scintillation counting

A{l(‘] 1{(_‘! ll'HCC],' R Ni Yuan ° Quan An % Shan Xing ®® 2 <, Xiongxin Dai % Xigolin Hou 9,

a

Acidify to pH <1 with HCI

<= . . TcO,
! -8 . Dissolve with ReO,
Valence adjustment: TiCl, =*| conc. HNO, [ [TiO(H,0,)]**
Co-precipitation (pH 7-8) ' ‘
P
1Ly 1. Dissolve with HNO,
2. Oxidize Te* to TeO, using H,0,
| 3. Load to column a TK200
Extraction chromatography resin (
1. Wash with 1 M HNO, .
2. Elute with 1 M NH,SCN ith Elutewith » v + + r

4 cktail m NH4SCN
Measurement of *°Te by LSC &

Fig. 1. Schematic diagram of the chemical procedure for separating **Tc from
the water sample.

using 1 DCUK-LdU



UNIVERSITAT e
BARCELONA

* TK-TcScint o

Plastic scintillating beads impregnated with selective

extractant
Developped by university of Barcelona

e Garcia, Tarancén, Bagan
e «TK-ElScint» product line
e 1St product: « TK-TcScint »

* Quaternary ammonium + phase modifier (similar selectivity to TEVA)
* Environment/decommissioning => Tc-99 by LSC

e Coming soon: TK-SrScint
* Srand Pb

* More products under development
42



. 3-. UNIVERSITAT o
[K-TcScint fit: BARCELONA
Classical Approach: Resin + LS New Approach: PSresin
Sample (carrier) SamplT (carrier)
|
Pretreatment Pretreatment
W A
Loading Elution Loading Cleaning
<olution T solution solution " solution
= v

o ICP _

ce Counting

T vial

Eluted
> solution
v
cp Radionuclide LS
i solution cocktail
| |
* W
Mixed) Waste Wast > ICP
( ) {-_|— Counting vial aste

Direct mesurement of the cartrige by LSC after loading and rinsing

* NO elution/evaporation/aliquoting => easy automatisation 4

Chemical yield via Re/ICP-MS in eluates.



||| UNIVERSITATos
i+ BARCELONA

2 TK-TcScint

Use of TK-TCScint in agueous/urine samples for
Tc-99 determination (carcia et al., TKI UGM Cambridge 2018)

Results
MOP: Recovery of Rhenium (by ICP-OES) HERLREA
: . Recovery of **Tc (by LS): >08.8 %
2ml cartridge using Vacbox 9Tc Detection Efficiency (%): 89.5(0.6)

1mg Re carrier Background (cpm): 1.09
Precondition with 2ml0. 1M HCl ~ resclkeEuCACOL I ro7(7)
Load 10mlsample in 0.1M HCI ot epicnte
Rinse 4x2ml DI H,0O ) "

third replicate

g

L]

ma

03 4

o

44
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Upcoming
new product

« After TK-TcScint second
product of impregnated
Plastic Scintillation
microsphere (PSm) line

« Based on SR/TK102 Resin
crownether

« Samples available

Coming soon: TK-SrScint

Plastic Scintillation microspheres [PSm)
impragnatad with & selactive extractant
Developed by Tarancdn & Bagan at
Universitat de Barcelona

= Bazsed on A Resin crownether and
fluorinated aicohol used in TK102 Resin
= Sglactivity similar to 8R and TK 102 Resin

|
Fong e

TK-SrScint Resin 4 475 Hd-butylcyclohexano-1 B-crown-6

Availabla a5 readyto-use 2ml cartridges: t=0 1= 26 davs
* [Compatible with vacuum boxas s
= Facile sutomatization 3 —hwbh Ak S
- &R TR
1 A f 1
Direct measuramant of cartridges - - "“ﬁb}‘A
- by,

* Mo alution/ 2ddition of LSC Cocktails .
= Detecton efficiency: Iﬂt}.
- t=0 > B5%"
+  t=28 days > 1B5%"

+*  Tested on mik* and river jy kb__ /9/} L

water'samples " s i ey

*  Sryield >85%, deviation: < £10% 5r00 spectra on TKSrBeint ot v=0 [sfter 5~-80,/Y-B0 separation) and
after 28 days [Y-90 ingrown], measured on a 30081 [Hidex)

banli_:-h'-an_
5 L b R
=rerad th3Tl

Advantages:

= Lass hands-on time

*  [Faster turn around tima

* Lass radioactivaly contaminated wasta
= Mo mixed wastes

Application:
5r-80 determination in
environmental and

dacommissioning samples

Literature: = = = =y
Bawdat, E, Gautier, ., Bagan, H, et al. Optimization of 8 new radochemical rndnd hundonmuumﬂru'numrmhh resing and
plastic scintllation for messurement of 305r in nuclear waste. J Radioanal Mucl Chem. httpe,//doiorg/ 1001007/
s10867-024-09396-8, 2024
*I. Giménez, J. Rotger, E Apelléniz, H. Bagén, J. Tent, & Rigol, A Terancdn A new method based on selective fluorescent polymers
[PSresin] for the analysss of 30Sr in presence of 21 0P in ervironmental samples, Applied Radistion and lsotopes, Vokemas 188,
110878, mtpe,/ /dolorgs 10.1016/| apradiss 2023110879, 2023,
*Marina SdezMufioz, M.; Bagan, H; Taranctn, A; Garcla, JF. Ortiz, J..[h-h:.ﬂ..hhlnﬂ.&FH-lmaﬁmdsfw Pﬂﬁtrnrﬂm
determination in acrasol filters and vegetation in emergency situations Using PS resin . Journal of Radoanshtical and MNuglear
Chemistry, 322:1357-1408. httpe: £ /doi.org 101007 /10867-018-067780. 2018,
Marina SédazMufioz, M; Bagéan, H; Taranctin, A: Garcla, JF; Ortiz, J.; Martored, 5 Rapid mathod for MIW
milk in emergency situations using PS resin. Journal of Radioanalytical and Nuclear Chemistry, 315, £ 0 el
H. Bagén, A Tarancon, G. Raurat, JF. m.ﬂadlmunu.m saparation and measurameant in
plus seleothe extractants. Applio 0




TK400 Resin

Long chained alcohol
* First work by Knight et al. on Np/Pa separation

Retention only at high HCI concentration (>6M HCI), elution in low HCI, water,...
Main application: Pa separation

Also retains Mo, Fe, Po, Ga, Nb,... working on Sb

Higher Fe capacity than e.g. TRU Resin (~15mg Fe/g TK400)

| L T
10000 g———————— == ganmr—, IYIre | -
0 mL 30 ml 60 mL
_ ] *
.
1000 5 EZ = 1,00E+02
+{*jp ] Knlght et al. . *U
g 100 . - Th 1,00E+01 . e
2 E —=—Y(AcC) ] . i Lo
] Ba(Ra)] | °© 3 a0 $§ . 3
i —m— 1 1,00E400 : | 1 g : =
10 E T : 1 i : .
] E [ l +Nb
] i 1 : eTh
= - ] 1,00€-01 I
1 [l
2 3 4 5 ] 7 2 9 m M 12
I 46
HCI. M 1,00€-02
0,01 0.1 ! 1

Data providedy B. Russel (NPL) c(Hal) /M



Fe/Mo/Nb separation

; U Fe
TK400 - Rinses 5M HCl Nb Vo
— N Sr oo
Rinse 1: 5 BV Rinse 1: 5BV ES EO
a L 0%
9M HCI 5M HCI h ~
80%
Elution 1: 5BV o
0.05M HClI
- 60%
7]
3 50%
g
40%
30%
20%
10%
— [ 0%
RL2 R1L4 R2Z1 R23 R25 E2 E4

Fe/Nb/Mo separation on ZR Resin

Rinse: 5 x Fe Elution: 5 x Nb Elution: 8x
1BV 0.05M HCI 1BV 2M HCI 1BV 0.5M oxalicacid
=]
I
=
n
(=]
S
o
[y
k]
P e

Mo Elution: 5 x
1BV 6M HNO3

— [\ O

— o

Nb

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Elution volume / BV

Recovery of Fe/Nb/Mo from high HCl on TK400
Majority of other elements removed during load and rinses (9M and 5M

HCL)

Fe/Nb and Mo eluted in dilute HCl => separation on ZR Resin
Can also be used to remove Nb from Zr (e.g. stacked TK400/UTEVA) or Puz17
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Calixarene based resins for Cs
© separation

AMP-PAN and KNiFC-PAN well suitable for Cs concentration
from agqueous matrices but:

Cs elution difficult, leading to high matrix Cs containing

solutions
* Use of NH,OH, Sr(OH), followed by AIXand CEX
Use of calixarene based resins instead

Original work: TK300 Resin

* High Cs/Ba selectivity
* Load from water up to TM HNO,
* |Interference by K
* Low Cs capacity
* Home made calixarene => upscale too difficult
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%  Calixarene based resins

Aim: two resins
e Separation of Cs and Rb from neutral to weak acid and elution with strong acid
e Separation of Cs and Rb from elevated acid and elution with water or weak acid
* Use of ionic liquids or short-chained alcohols as diluents

Preparation of 13 test resins (PR) based on commercially available calixarenes

Characterisation of these resins
* D,y values of different element on test resins in HNO; and HCl
* |Influence of interfering ions (like potassium) on Cs separation
* Breakthrough and full capacities

e Elution tests for Rb and Cs separation
Work performed by lllarion Dovhyi, presented at last TKI/Raddec Workshop

(18.04.2024) => visit our website for more data
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Tested Calixarenes

Calix[4]arene-bis(tert-
octylbenzocrown-6, C72H9,012
(BOBCalix)

1,3-alt-25,27-Bis(3,7-
dimethyloctyl-1-
oxy)calix[4]arene-benzocrown-
6, Ce2Hs20s
(MAXCalix)

Calix[4]arene-bis[4-(2-
ethylhexyl)benzo-crown-6],
C72H92012
(BEBHCalix)



o D,y values of selected cations in HNO,

#PR1
[} HPR2
PR4

a | . B & ol PRS
¥ PR6

M ePR7

PR8

PR9

#PR10

PR11

#+ PRI
m PR2
A PR4

| PRE

PRY
+ PR10
PR11

1,00E-01
1,00€E-01 PR13 . PR13

0Mm 0.1 1
Concentration [HNO3] en mol/L

Acid dependency of D, for Acid dependency of D,, for
Cs*on PR1-13in HNO, Rb* on PR 1-13in HNO,

0,1 1
Concentration [HNO3] en mol/L

Generally, D,, Cs > Dw Rb, other elements (Ag, Al, Ba, Bi, Ce, Co, Cu, Er, Eu, Ga, Hf, La, Lu,
Mo, Nb, Nd, Ni, Pb, Re, Sb, Sc, Sn, Sr, Th, U, Y, Yb, Zn, Zr) not retained from HNO,

lonic liquid based resins: very high D, from 0.01M to 21M HNO,

Other test resins (non IL) low Cs/Rb extraction from low acid, maximum at 2 — 3M HNO,
Generally strong decrease of retention at very high HNO,



Elution tests with selected test resins

Load: 0,01M HNO3

Ve :\

AN

Separation on 1 mL

Rinse 1: 5 BV 0,01M HNO3

PR8

Volume (BV)

Rinse 2: 5 BV 1M HNO3

Elution: 5 BV 8M HNO3

Separation of Rb and Cs on PR8
(loadingin 0,01 M HNO,)

* Generally high selectivity for Cs
and Rb, interferents well

removed

 (Cselutionrequired >5 BV 8M

HNO,

Load: 1M HNO3

i B——

Separation on 1 mL PR8

R 1:10 BV 1M HNO3
Rinse 2: 10 BV 1M HNO3

Elution: 5 BV 8M HNO3

13 14 15 16
Volume (BV)

Separation of Rb and Cs on PR8
(loading in 1 M HNO, solution)



" Under development:

~ ® range of impregnated membrane filters

On-going work: development of
impregnated membrane filters

First filters under beta testing:
 TK100 (DGT of Sr, Pb, Zn, LN in soil samples)

* TK201 (determination of Tc-99 in aqueous

samples)
e CLforiodine,...

90

* 25mmand 47mm )
Example: membrane filter for gross alpha -
measurement L

pH 2, 10mL/min, typically 100mL samples

zo |

|
) R bttt i i ol WM)LI\M
P Lo sl i I i LA LAY
PR PO PO 7 Wy N L ‘M@MW{ LA YT i aa sl

G | u e O n d iSC - > a I p h a S peC 2000 3000 4000 5000 6000 7000 8000

Energie en keV

High retention of actinides

Alpha sprectrum, Am-241 & Pu-239, ~50mBqg each



L Passive sampling

TK100 discs

anachEL%%'nistry
Wagner et al. 8o
pubs.acs.org/ac
PaSSive Sampllng Via DGT Selective Diffusive Gradients in Thin Films (DGT) for the
. . . . . Simultaneous Assessment of Labile Sr and Pb Concentrations and
(Diffusive Gradiant in Thin Isotope Ratios in Soils
fi I m S) — > 1 b i O— ava i | a bi | i ty, th:ja'rll‘]::;gaze;,rizlﬁzia:antner, Johanna Irrgeher, Markus Puschenreiter, Steffen Happel,

. . Cite This: Anal. Chem. 2022, 94, 6338-6346 I: I Read Online
Published: Sr and Pb isotope

ratios in soil samples, Zn also /Dmm

c{Sr] + &(°Sr/®Sr) &
c(Pb) + &(2*"Pb/2%¢Pb)

/—DGT cap

pOSSi ble TK100 membrana

Diffusive gel

F11ler membrane

On-going: Sr-90



‘s Some other on-going projects

Rapid tests » Fate’ of RN in the environment
Impregnated PSm resins « Separation methods
Range of "Test sticks’  Mainly longer lived RN (=> therapy)
 Suitable impregnated support « Ac-225/7, Lu-177(m), radioiodine, ...
« JCU => rapide isotope ratio analysis * Quantification

by MS (metallomics) - In-field preconcentration
« NPL

* Impregnated membranes
» Cartridges

Microfluidics
« Other 'geometries’ &
‘Non-resin’ separation materials

« Uni Barcelona
Passive sampling (DGT) .

Separation of DTM
« SE Resin => Se-79
« Zr-93, Fe, Mo, Nb,...
Decontamination

« PAN based materials (e.g. AMP-PAN) 55



Thank you for your attenti
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