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Based in Rennes (France)
Independent company since 2007 (before part of Eichrom Europe)
Main product line: extraction chromatographic resins and other
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separation materials

Staff : 25

R&D and TechSupport group:
« 3 RadChem PhD, 2 Technicians (+ 1 PhD student)

» R&D: Development of new resins, techniques and applications
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Geochemistry
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Metals Separation

Radiopharmacy

Environment and
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Nuclear Medicine



o ® Cartridge packing

1mL and 2mL cartridges packed fully automatically

Print/label on cartridge body replaced by laser print on cap

After:

Before:




TK Resin naming

There is some reason...
Main domain of application

* TKTNN: Environmental monitoring, bioassay,..

* TK2NN: Radiopharmacy

* TK3NN: Analysis of decommissioning samples and nuclear waste
* TK4NN: Geochemistry

* TK5NN: Hydrometallurgy

* TKG6NN: ‘custom resins’

Functional groups:

* TK100/1/2 => Crown-ether
 TK221/2/5/7 => DGA
* TK211/2/3 => « organophosphor » acids



% TK200 ResiIn
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TOPD
Based on TOPO extractant

High retention of actinides

Applications:
* Use for very efficient U removal from Pu
 Determination of Tc-99 in water samples
 Ga-68 production (in combination with ZR Resin or TK400 Resin)

* Actinide separation from water samples

Extracts actinides even at pH 1 - 2 (nitric acid)
* Preconcentration and purification of selected actinides on same column

* ‘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 ]

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’ 10

preconcentration’?

1200



0 o Actinides on TK200 — Apnlication
b Va1 B
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] Talanta
One TK2OO Cartrldge = \|.-\'][-[Z 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 . o o
_ ples (1L) in combination with direct ICP-MS/MS
FlOW rate 15 mL/mln measurement
DF(U): 1 04 = 1 05 Youyi Ni * 9 X, Wenting Bu ?, Ke Xiong ? Sheng Hu ? Chuting Yang ?, Liguo Cao b

LoD:

* 0.32uBg/L Pu-239
e 2.00 uBg/L Pu-21n

D2-He reaction/ collision gas

Directly send to M5 measurement ‘
Bl
W | —
H 00 @
=
- 65% of Pu in 2 mL eluent ‘ v .
2
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1 &
¥
E o f"'ﬁ"\ * Reduced reagent usage
NE— ¢ Minimized labor intensity (2
‘W. -'|.'.' '|'J. ."E'-;! -IE!: Ay :I. - - i-"’j.-/ll - - - - 3 » LC.DS- [f:r Pu dﬂwn to ||.|.E'|:II||IL
(4] water

Ela Ly wpl - vl |



o TK221 Resin

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

e Main applications in inﬁ [ THz21-HNO3 h TK221-HC
RadPharm: T rgasrs 1E405
* Lu, Tb concentration 1,E+D4; _— —
from high acid and |
o

1.E+E13§ .
elution in small volume - 1E+03

of dilute HC
e Ac-225 purification |

1,E+02 3

Cal
Th measured_ -

-

LEH1 | 1,E+01

* |Improved radiolysis
] ,'cfhrneasured

stability HEOD 1,E+00

 Potential use in actinide ]

1,E-01

o B2 LEOT 1RO 1Es0 0T AE0T | AE0 1wt
Sepa rations* [HNO3], M [HCIL, M
(Papp, I., Vajda, N. & Happel, S. An improved rapid method for the 14

determination of actinides in water. J Radioanal Nucl Chem 331,
3835-3846 (2022). https://doi.org/10.1007/s10967-022-08389-9)



U0 TK221 Resin — actinide separation

Th strip: 12 ~ © Ppustrip:

15 mL 9M HCl 15 mL 9M HCI/0.03M Ti*
Rinse: 0 Q Np strip:
10 mL 3M HNO; L 20 mL 0.1M HCI/0.1M HF

* Synergies between extractants —
* Higher U retention than DGA

Load:
° . 15mL3M3H3NO3,n' o e ';;HSGI:P’MHNO
* Higher Am retention than TRU A /
Wasie ‘ﬂ, 9 Pu/NdF;

Cooperation with Nora Vajda

TEVA Resin

) 9

—100pum)

TEVA Resin I

VL PV, N 1 Th/NdF; ¢ = Np/NdF;
Method development for water samples -
. TEVA/TK221 method P
upvi), Amfcmin) | = | @ Ton::iam cho,:r: F ;'ss::ﬁmm NH,HC,0,
* |deally later also soil and decommissioning
||
samples |
00 waste =
* Influence of Fe and Ca?
* Caleadsto stronger Am retention we &I,
2

Papp, |., Vajda, N. & Happel, S. J Radioanal Nucl
Chem (2022). https://doi.org/10.1007/s10967-022-08389-9

15



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

e TK221 Resin

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

B “
Ol

an load: wash: wash: Ar U:0.1M
"~ 3MHNO, 3M HNO3 AMHCI/HF| 0. bioxalate
70 AlINO;
sulfamic a.
5o ascorbica.
% NaNo, s
@ so0 S0mgcCa
o 14 mg Fe ——Fu
10 ——
. ——An
sl
20
10
[

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

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

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 103+7 70£7
SEA water
=0Th 7127 616
Bpy 91+7 876
BNp - 93+8
Hlam 80+7 92+6
By 88+7 59+6

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
TK201/TK221, TK200/TK221
methods? 16
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Tandem TK200/TK221

i 35 g Marine sediments
= Add ™ am eraecer
= 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
Fon 30 min

Acid leaching

= Larrifuped wnd s paraied

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

+ Bodd 02 g MalD QR

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

s MH,OH, insulate Tod T h ot 80-70°C
* Centriuged and separabed

(5] precipalaion — Remivr alhali and altalne metak

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

(ZNL

= [1] Binsewith 20 mL B B HWG, (remove 8o, T1 B HE,

TZ291

Har o deyn 24, dedakee 0 5
mil & R M SCRHC, T B HEDCH

.........

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

After wampde aoing, remewe T solurms

41, Ca, Na}

|¥] Ringg with 30 L 0.2 B HND, |ramsovs B HE TL Fag

[3] Rinse with 15 mL conc. HO [remove 81, Ph, TI)
[4] Ehre with 10 mL 0.5 6 HE

e [Wepprgd e wipire giner sompee ipading
[4] g Dvscovd (L1 (2} gnd (3] rindes

#m eluent i
TSI Fod manne o seawaters
11 FEneewaith 15 mil 1 A4
1 men
HH,SCH-0L M HEDEH | sediments
| ve AEEs| =
| 2 El e writh 15 mL 4 1 g

HIl

12 rh- ENsgavd (L)

L4 1
U B aluapl  —
LT TR rTEET T,

L 4

[1] Hest b dryness, sdd 4 mil squa regis
|E] Hiat ta dryniess, dissobad in 2% HNDy

ii:l ICP-MS measurements

v A S0 mig Fe{ill], mbesd. Adpst the pHin 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. 17

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


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

Ac separation => RP presentation
Analytical questions:
bioassay (e.g. BfS) and environment

Optional Rinse 2:

5mL 10M HCl
Bi removal
3 4 Rinse 3:
Rinse 1: 2 5mL0.05M HNO,
10-15 mL6M HNO4 Fe, Po removal
Load: 5  Acelution:
6M HNO4 <5 mLO.05M HCI

J TK221 Resin

1-4 5
Waste «—~——> Ac-225in 0.05M HCl

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

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

Po remains on TK221

Recovery (%)

7084

recovery / %

Separation on 1 mL TK 221

Rinse 1: 10 BV 6 M HNO3
Rinse 2: 5 BV 10 M HCI

f II
&
0o _i__---i'e....ﬁ_ﬁ [
000 oo--0-Gloo
7 8 9 0 11 12 13 14 15 16 17 18 19 20
Fractions

Po separation on 2 mLTK221 cartridge -

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 : & mL 0.05 M HCl

—8—5r

®—Pb

o —Bi

= tion: 6 BV 0.05 M HCI

i l U
=

u =@=Th
=

(=} a

@ —&—Lu
Ly

] —8—Er

i

2l i

L | —8—Ba

—&8—Th

—8—Fe

Nd

Z2nd separation



. Sr-90 in seawater — 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 — 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

1 N @

T RIS HE-M
INTERNATIONAL

AMP-PAN (or KNiFC-PAN)

DGA resin
Hidex Q-ARE
TR ™ =
2 mL column g AUESY s nglbibal - _ , _
- " Automated Radionuclide Quck

A utomatec

Extraction S){f{[em R conucice

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//WWWhldexcom/ 4




# s, Sr-90 in seawater — KAERI method

0Sr in seawater; procedure

80 mL min?t ch?

2 hr
05y |
L 90y
Seawater Pretreatment
60 kg (SALT-100)

Pretreated seawater

[Pretreatment]

Filtration(GF/F)
N Dilute to 3 M HNO5 using Conc. HNO,
--"' Add Y carrier

”5\ @ ~\=‘
Again dilute to 3 M HNO, [Chemical separation]
@ Sample
@10 mL of 3 M HNOs
@ 10 mL of 8 M HCI
DGA & I o @ 60 mL of 3 M HNOs/0.3 M HF
(imL, BV) 1= Purified ¥ solution ® 40 mL of 0.1 M HCI
(520 mL) @ Adjust 16 pH 10 using NaOH
(@ Dissolve with 10 mL of 0. 4
DGA @ Dissal h 10 mLof 0.1 M HNO
{ImL, BV)
[Measurement]
1 40 minutes each 10 times by L5C

W

20d Pyrified Y solution & Precipitate ]
(40mL) Centrifuge Y{OH)3 ooy

LA ™ T Vuptl) .

5mL min!ch?

1.5 hr !
90y
Chemical separation 90Y solution Measurement
(Q-ARE 100) 10 mL (Quantulus 1220)

Separation & sample prep ~4h (w/o
measurement)

Typically >85% yield

Presentation by Hyuncheol Kim at the
TrisKkem / Raddec Workshop, 18.04.2024
Presentation and video available on our
website



. Sr-90 in seawater — 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 3M HNO,
=> |large amounts of conc. HNO,

* Ongoing: TO-DGA based resin to allow loading from lower HNO,

=> "TK227 Resin’

« Similar approach for Am possible?

 SALT / Q-ARE approach also for used Cs-134/7 via AMP-PAN



o TK227 Resin

Addition of ionic liquid increased Y retention (idem e.g. lanthanides, especially heavy
lanthanides) at lower acid concentrations, especially in HNO,. Also Includes phase

stabilizer.

Remark: too high amounts of IL will lead to low elution yields (=> TK225 — large amount

of IL — use in decontamination of effluents from radiolanthanides).

Remark: Separation on TK227 optimized for mg amounts of carrier.

Cu

Concentration [HNO3] in mol/L

0,10 1,00
Concentration [HCI] in mol/L

*5¢c

ay

i Fe

@ Cu



| e TK227 Resin — drinking water

Separation on 2mLTK227 S grade

Loading: 107100 mL 0.1 M HNOS tag wirter
Rinairg: 10 mL 9 M HO!
Hutlon : 10 mL 0005 B HEI
4
!
|
|
A {
i
o
] L
z =
= uy
2 | 8
Load : 10*100mL 0.1 M HNO3 £ |
a E
acts 0 =
b -
£ 2
a | 5
£ | 3
© | w
|
)
f
)
/
% —— 88—
100 200 300 400 500 G0 Rl 00 amd 000 10

Fractions

Elution study, 1L tap water, loading from 0.1M HNO,, Y separation,
2mL TK227 Resin cartridge

Separationon 2 mL TK2275

R
CPRRRT. Y. P ee—— LT Y
B |1 B
B £ B Sl it B A e f LB R
s, i 3 0 .1 MRS
=
Z|  Rinse2 : 10%10 mi 3 M HNOD O3 HF
Load: 107100 mi 0.5 M HMOT E
=
- £l tioen § 410 mL. 0.1 M HO
&
£
=
6 o = E b ] -
[ )
Nl o 8 ooooeotoie

Elution study, 1L tap water, Loading from 0.1M HNO,, Y separation,
2mL TK227 Resin cartridge, selected elements

Separation on 2mlL DGA 5 grage

oy 1 1 i L 0 MG
Lo B L L
Pl 1™ i il -5 il

Binsing : 0 il M IHC

s - 210 il DUOS A SIS

Bl

Elution study, 1L tap water, loading from 0.1M HNO,, Y separation,

2mL DGA\ N Resin cartridge

Y retention on TK227 from 1L 0.1M HNO,
Loading at 10mL/min

Separation from interferences following Kim et al.

Rapid method for Sr-90 in water?
Use of scintillating beads (PSm)?



e TK22/7 Resin — sea water

Separation on 2 mL DGA 5 grade

Separation on 2mLTK227 S grade -
- Loading: 1000mL 0,2 MMNOS
Laading: 107100 mL 0.2 M HND2 o Rinsimg : 50 mLE M HC
||||| mr h Elution : 50 mL0.05 M HCI
e tomon s ’
E 2
_ - 2 Load : 1000 mL 0,2 M HNO3 z =
< I = = w
) = w1 i .
3 = = £ 4
g Load : 10*100mL 0.2 M HNO3 E 3 o fE
= E n f o
2 o 'p; e
" o & 2
E =] c E]
E III ..ju - w
o I- w
. .'I . _— —» >— . - > L L - .
— e+ ——+—+—+— o ——L_ |
100 200 00 400 500 600 700 00 200 000 108
Fractions
Elution study, 1L sea water, loading from 0.2M HNO,, Y separation, Elution study, 1L sea water, loading from 0.2M HNO,, Y separation,
2mL TK227 Resin cartridge 2mL DGA\N Resin cartridge

* Sea water requires high HNO; concentration for Y retention (at least 0.2M, better
higher)

e Loading at 10mL/min

* OnTK227 Resin Y breakthrough when loading 1L (<20%) but less than DGA,N (~70%)
=> higher HNO; required to improve yields

* TK227 Resin use in KAERI method showing better yields but acidification to 2M HNO4
still needed.



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
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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 [ )
@ & ©
. .. .. . 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 ) |
. NUCIear, enVironmentaI Applied Radiation and Isotopes 126 (2017) 35-39
Contents lists available at ScienceDirect
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
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
https://www.agilent.com/cs/library/applications/8800_ICP-MS_5991-8324EN_radium_analysis.pdf

P TK101 - Radium

TK101 Group 1 and 2 NPLE

Mationz ] P
#—Rb

108
—&—Cs
#—Ca

108

104

= ¥ 109
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o]

100

[HCI M [HNO,] M

=
in Bay

IS E ™1 ‘
| i G J

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)
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TK101 - Ra
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No / extremely low selectivity for Th/U
Very strong Pb retention => elution in high HCl or citrate
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Data provided by
Russel et al. (NPL)
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Ra separation on TK101

Elution study - 8 mL TK101 Resin

100%

g Rinse: 5x 1BV 0.05M Ra Elution: 5x 1BV 3M Ba Elution: 5x 1BV 8M
90% 2 HNO, HNO, HNO,
T
80% ?n
Q
o
70% &
—
60% E ——5
;}» - (]
g :
3 S0% i s
o« —_—
40%
=2=Th
30%
=Pt
20% | i
/ 3
10%
0 — g o . ) = 5 A :
S £ 2 S A A A A kS s 2 2 2 kS A FY
‘v,j‘, '{Jo‘, 1 %, 1 ), s %, %, 2 'fx,:,‘) 4.'{:_:’ ".f(:,/ 1 %, %, Z, ‘/9/ 'f.ro‘) 'fx,;,‘)
G() /‘0 Pl" o [#) o o .J}'} ..P_,L J‘fy oy e i1, &y ¢ };ff & &
% ‘fff' % ) 4 e ‘5:.’.'/ {af {’V ¢AV % /y’.s' '%.9 “5;4}/ 'S."/ fg:‘v
s L & %, %, 4, (#) (o] (o] (o] (*] Qs (# (#] Q, (o]
4 4 4 G 4 e e > i 4] & 7 d v >
G o % ) 2 % b b S % % < < L &
< % - (<] o 4 ~

Good Ra separation when loading from dilute Further Ba removal via TK102 possible
HNO,/HCl-up to 300mL per 2mL cartridge = Ra/Ba co-elutedin 8M HNO,

When eluting Ra in SM HNO,, Ba, Pb, Sr No retention of U, Th, Pt, Ir,...

remain retained 31



. 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 e Obtained data =>
e Modelisation
L/O\) :
o™y 4,4(4,5Y(5,5)-ditert-butyl-  DBDCHI8C6 ~ * Upcoming: Ra Workgroup
loh -18- -6 .
U U CYCIONERANG-1E-CIown with research groups
KJO\)
OK\O/\\ Dibenzo-21-crown-7 DB21C7 ° Env|ronment/med|cal
O O . .
Lo o/ * Modelisation
4.4'(4,5)(5,5)-di-tert-butyl-  BDB21C7 :
— dibenzo-21-crown-7 * Synthesis labs
o]
?
(\ /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
* Generally higher D,,, and capacity for Sr, Pb and Ba

* Work by Illarion Dohvyi (Poster during ERA14), Marine Bas, Soumaya
Khalfallah, Nora Vajda, Steffen Happel

* Optimized for Ra/Ba separation => main use

 Under testing: use in Srisotope ratios via TIMS (less bleeding) and
decommissioning samples



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

5}
3
=
©
x
o
4 o
8 0
m 4 = 4 —e—Th
9 = = T
=z o ——U
I s 9 s
) o ——Pb
p g g >
% ) % o Sr
o] n n
© 2l > -l " 2
9 - = m 7 Elution: 10 BV 0,05M HNO3 Bi
3 2 b .y
c o £ Y
= n
o & & —&—Cs
g ——Ca
i=|
E (4 —8—Ba

ﬁ;lal:t-a—-—.—n—-—-—o—-—-—a 30

0 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)




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
t S - o ™ | lll Elution: 10 BV 0,1M NH4 citrate
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
70% (=} > -
(=} e T E —o—Tl
— T i e
R 0% s = 2 = -
> ~ > > —Pb
o= . [=2] o
% 50% 5 wn ﬁ L Sr
9 ] “ & ™ Elution: 10 BV 0,1M NH4 citrate )
o [0 [} [ Bi
40% g " 2
— —
& E [ ==Y
30% ——C
\ e

/ T
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

3b



Recovery (%)

very (%

Ra/Ba separation

90%

80%

60%

408

20%

10%

Load: 3M HNO3

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

Load: 3M HNO3

—— =

Rinse: 15 BV 3M HNO3

—— S
Pb
e 3
@ —®  — e ® Py & ® & »
[ / 8 9 0 11 12 13 15 16 1
Volume (BV)
Separation on 1 mL SR Resin (100 - 150 um) - 0.5BV/min
Rinse: 15 BY 3M HNO3
—— S
Ba
Pb
—+—Ra
4 s e 7 8 9 w0 1 12 13 1 15 18
Volume (BV)

SR Resin: high Ba breakthrough
starts after 7 — 8 bed volumes
TK102 Resin: significantly lower
Ba breakthrough

Suitable for Ba removal from Ra at
3M HNO,
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. 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

> QOther options
TK201 Resin
TK202 Resin
TK200 Resin

TK-TcScint

38



2 TK201 Resin

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

Main applications: R R2
* Tc separation \N/

* Environmental monitoring
* Decommissioning ‘
 Easierto elute R3

* Use of NH,OH or SM HNO,

* Cu separation

* Cu-61/4 from Ni targets

* /n, Fe separation
 Geochemistry

39



Dw

1,E+05
1,E+05
1,E+04
1,6+04 el
L |
L] . n
¢ »
AN m
1,E+03 * P 1E+03 *  ANp
* ® Ra ® Ra
* 3 ] ] .
. . * Am e ? ok Am
1,E+02 . - * ¢ Pu 1,E+02 A + Pu
-
. * o mU « " oA .U
W - .'_* il * o
- [ ] L] . Th .i. F Y Y . * & Th
1‘E+{}1 ® ™ ! ] ..:. ' 1,E+01 : 1 = ™ Y hﬁ%"’ﬂ'
A
1,E+00 1,E+00
0,01 0,1 1 10
0,01 0,1 1 10 . \
_ Concentration [HCI] in mol/L
Concentration [HNO4] in mol/L
Re uptake between pH 2 - 5M HCl . High U and Pu uptake at high HCl
In HNO,; medium, Re fixed at pH 1-2 . Elution at low HCl

Data Russel et al. NPL
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[K201 — Dw values
1,00E+05 F ' . . |
Dw of Tcon TK201 in HNO3 and HCI, mL/g
1000000
1,00E+04 s 7S 100000
. X ——
* o 10000 -
1,00E+03 X ¥ 1000
X 7y * % Re 100
¢ mw I ¢
1,00E+02 10
B § AGa
o % B xCo 1
A X Y 7n 0 0.5 1 LS 2 2,5
1,00E+01 _ _
oNi Malarity of acid, M
. s T [hy in HMO3 mlfg  ssellesTe D in HOD mL/ g
1,00E+00 A
®
Y X
1,00E-01
* Tc well retained at c(HNO;) <1M
1,00E-02 . . . g . .
Tc retention significantly higher in HCI

Concentration [HCI] en mol/L

No Mo retention at > 0.7M HNO,
41




. % 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,

Tc/Re elution in 3M HNO;

Preferable eluton option: =2 0.5M NH,OH

RefMo separation - TK201 Resin

won on 2 mL TK201 cartridges
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http://pubs.acs.org/journal/acsodf

Online Solid-Phase Extraction—Inductively Coupled Plasma—
Quadrupole Mass Spectrometry with Oxygen Dynamic Reaction for
Quantification of Technetium-99

Makoto Matsueda,™ Kayo Yanagisawa, Kazuma Koarai, Motoki Terashima, Kenso Fujiwara,
Hironobu Abe, Akihiro Kitamura, and Yoshitaka Takagai*

Cite This: ACS Omega 2021, 6, 19281-19290 E Read Online gg-rc_Mo.Ru

Q-mass
Filter
SPE-ICP-QMS
7 LOYAL SOCIETY

OF CHEMISTRY
JAAS -

View Article Online

View Journal | View Issue

Syringe-driven system for ion chromatography
M) Gheck for updtes Quantification of technetium-99 in wastewater by A — 0 Regenerant
L means of automated on-line extraction Sample loop ExC column IC column

Cite this: J Anal. At. Spectrom., 2024, .
39,2774 chromatography — anion-exchange

Suppressor

chromatography — inductively coupled plasma-
mass spectrometryy

Maximilian Horstmann, &2 C. Derrick Quarles, Jr, £ ° Steffen Happel.©
Michael Sperling, ¢ Andreas Faust, @ ® David Clases @ *' and Uwe Karst®*?

Second publication including TK201 Discs for e '

. WVacuum Syringe module 2
h |gher sam ple load => better LOD (Sample ll Post column IS l Aerosol desolvation
load) || - Eluent 1-2 to ICP-MS




V0% TK202 Resin

Polyethylene Glycol (PEG) grafted on inert support H’l/ O\/4\OH
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

Analytical application: e.g. Tc-99 in concrete samples

1,0E+03

1000

1,0E+02 | ]
u [ ]
t & s * ’
=] E ' (] 3
& i s * 8
¥ 1.06+01 mTc T . ‘
o 9 100
@ Mo =
Re 'g
=
=
=
1,06+00 =) @ Tc solution without Mo
@ Tc solution containing Mo
10
0 20 40 60 80 100 120 140

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, 44
concentrations. Tc data taken from Cieszykowska et al. increasing amounts of Mo. Data taken from Cieszykowska et al.



TK202 Resin

—
=]
=1

Retention of Tc from concentrated NaOH
medium (5 - 7M)
* Alkaline Fusion e.g. decommissioning
samples

* Dissolution of Mo target
* C(Clean separation from other tested elements

Re can be used as internal standard

Elution in a small volume of water
* Eluat remains slightly alkaline
* Load on CEXto neutralise medium + remove
Na*
* Potentially load on aluminum oxide to
remove last Mo traces + elution in 0.9% NaCl

Recovery Yield (%)
' 7 =3 = ® o
=l <o = =l =} =l

w
=]

)
=]

10

0

0

TK202 Resin

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

Mo

5 10 15 20 25
Volume (BV)

Re/Tc separation from Mo on TK202 Resin

-
a- I'---

Load: 2.5 8% 58 NaDH

Re separation from various elements on TK202

A
fY Bmiencaxisey Water

Rinze: 4 K 2.5 BY M MaOH

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



% 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

* Garcia, Tarancon, Bagan
* «TK-ElScint » product line

e 15t product: « TK-TcScint »

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

* New: TK-SrScint
e SrandPb

* More products under development:
* gross alpha(/TK-GA), DGA(/TK227), TK101 (Pb, Ra,..),...

48



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

o ICP _

ce Counting

T vial

Eluted
> solution
Y
cp Radionuclide LS
i solution cocktail
| |
* W
Mixed) Waste VWast > ICP
( ) ‘-_|— Counting vial aste

Direct mesurement of the cartrige by LSC after loading and rinsing

* NO elution/evaporation/aliquoting => easy automatisation 49

Chemical yield via Re/ICP-MS in eluates.



UNIVERSITATbs
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
Quenching Parameter (SQP(E)): 787(7)

Precondition with 2mL0.1M HCl
Load 10mlsample in 0.1M HCI frt eplcate -
Rinse 4x2ml DI H,0 |

third replicate

£
L]
ma
03 j
o1
\ 50
a L s B i
1] 00 Z00 300 400 5 o 700 B 500 1000




3-. UNIVERSITAT bs
i+ BARCELONA

TK-SrScint

Impregnated plastic scintillation beads (PSm)

TK102 extractanten system (better loading volumen, capacity)

Crown ether + fluorinated alcohol

Sr and Pb retention => chemical yield typically Sr or Pb carrier in eluate via ICP
Detection efficiency for Sr-90: >90%, after Y-90 ingrowth >190%

A) _.10? ‘ ‘ B) <107

—5r-90 | —Sr-90/Y-90
—Pb-210 3t —Pb-210/Bi-210 ¢

Normalized count rate
L)
Normalized count rate

0.5

0 100 200 300 400 500 600 700 800 900 1000
Channels

0 ) 200 400 - 6(-10 800 1000
Channels

Normalized LSC spectra Sr-90/Y-90 (blue) and Pb-210/Bi-210 (red)
on TK-SrScint at t= 0 (A) and after ingrowth of the daughters at t >21 Tagen (B).



UNIVERSITAToe
i+ BARCELONA

e TK-SrScint

Well suitable for decommissioning samples (no presence of Pb-210)

Environmental samples, potential for false positives through Pb-210 (and Bi-210)
* No Srelution, Pb and Sr remain on the resin, Y-90 and Bi-210 ingrowth

* Tarancon et al. Pb-210 removal through co-precipitation with iodate in
presence of Ca at AT. Sr remains in solution

* Srco-precipitation with Ca-Phosphate

* Dissolutionin 8 M HNO,

* Load onto TK-SrScint

* Rinse with 8M HNO,, followed by 6M HNO, and 6M LiNO, (acid removal)

For 1L Wasserproben: additional preconcentration via carbonate co precipitation
=> Chemical yield for full process between 63 % and 81 %



NIVERSITAT e
ARCELONA

UUC{-

0 o TK-SrScint — s
s ° Rapid method Sr-90 in mil

] Sampling (100 mL milk) I

| Sr¥* carrier (5 mg) + homogenization |

i
Extraction (TCA) - -
‘ Filtration ‘ ) [ Fat and proteins ]

[ Ma, K, P, Ca, Mg, 5r %) l

i
Precipitation-centrifugation (oxalates) ) [ Na, K, P, Mg J
Dissolution in & M HNO,

F
Ca, Sr (*Y) ) [ ICP measurement ]
L ]

g 1. 2mL6MHNO,
5 hours 2. 10 mL sample (6 M HNO,)
(including 1 h measurement) 3, 2mL6 MHNO, (x2)
4, 2mL 6 MLINO,(x2)

Sr-90 determination using TK-SrScint



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 & Ga-68 production

Also retains Mo, Fe, Po, Nb,... working on Sb and At Knight et al.
Higher Fe capacity than e.g. TRU Resin (~15mg Fe/g TK400)

5Py
1 MHCI

10000 3— gansr—y I

| i it

T — T — T ! ' I :
; E 0OmL e =
- ! *
1000 - |

1,00E+02

] —=—Pa ]

1 —=—HMp ]

g ] i 4 U
100 ) —a—Th 1,00E+01 mSc

—_ 8
]
< 3 ——Y(Ac) |, ; b B
] Ba(Ra)] | °© 3 8 $§ . 3
i —=—Ni i 1,00E+00 $ L ¢ $ & [ T W
10 ) ;3 ¢ i L @ Hf
3 7 T !
E E | l *Nb
] i : oTh
=NZ-—. - 1,00€-01 I
1 []
2 3 4 5 G T a g 10 M 12 54
HCI. M 1,00€-02 I
0,01 01 1 10

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



Fe/Mo/Nb separation

Fe

TK400 - Rinses 5M HCI b

Mo
— N Sr
- : 100%
Rinse 1: 5 BV Rinse 1: 5BV Cs Co
La Eu 90%
9M HCI 5M HCI h ~
80%
Elution 1: 5BV o
0.05M HClI
.. 60%
o
3 50%
]
F a0
30%
20%
10%
- - ———= i 0%
L R1_2 R1_4 R2_1 R2_3 R2_5 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

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

Part of sequential method for determination of Fe, Ni, Zr, Mo, Nb, Tc in stainless steal
(PhD student with Subatech, cooperation with IPHC)

* Projectincludes modified NI Resin for improved selectivity (esp. Cu)

Recovery of Fe/Nb/Mo from high HCl on TK400

Majority of other elements removed during load and rinses (9M and 5M HCI)

Fe/Nb and Mo eluted in dilute HCl => separation on ZR Resin
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Calixarene based resins for Cs
© separation

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

Cs elution difficult, leading to high matrix Cs containing solutions
* Use of NH,OH, Sr(OH), followed by AlXand 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

* Separation of Cs and Rb from neutral to weak acid and elution with strong acid and

vice versa

* Use of ionic liquids or short-chained alcohols,... as diluents
Preparation of >15 test resins (PR) based on commercially available
calixarenes
Characterisation of these resins

* Dy, values of different element on test resins in HNO; and HCI

* Influence of interfering ions (like potassium) on Cs separation

* Breakthrough and full capacities

* 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

Decision on which resins will be fabricated end of this year => beta testing !



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)



New/under development
¢ impregnated membrane filters

Special membrane filters impregnated with
extractant(s)

Range of selective impregnated membrane filters

@ =25mm and 47mm Discs will be available = =

Various extractant systems (TK100, TK201, GrossAlpha, CU,...) in beta-testing 2 5 m m a n d 4 7 m m D I S CS ava I I a b I e
More Discs under development

For use in filtration or passive sampling set-ups

Commercialized:
. * TK-GA Discs (Gross Actinide)
| : ttttttt -
,.hwﬁ‘.f‘\w \ ¢ MJ, e Beta Testlng:
mmmmmmmmmmm e TK100 & TK201 (both published), CU,...
— * TK200 (U, Th, Pu) und TK221 (U, Th, Am, Pu) =
sequentila separation (evtl. TK201 (Pu, Th)) => rapid
screening?
Concriorsand e o - * Alphaspec: Retention vs. Retention on the surface (70
- >90%)
0000

Under development:
 TK102/TK227 - Rapid methods for Sr, TK101 (Pb, Ra),...



New/under development:
¢ impregnated membrane filters

Range of selective impregnated membrane filters

o Typical applications of TK-GA Disc:

°
* pH1-2(for some actinides up to 3M HNO,)
et * Preconditioning of the disc: 20% EtOH:water,
water, then loading medium
wee - * Loading of the sample, flow rate: 1 - 10mL/min,
i T . * Lower flow rates seem to favor better resolution
e « 25 mm Discs typically up to 100mL samples,
* 47 mm Discs typically up to 1L (higher volumes
possible depending on extractant system)
* Rinse with water and 20% EtOH:water

. . .
for the Simultaneous Assessment of Labile Sr and Pb « Quantification of technetium-99 in wastewater by () D d l t t l d —_— > l h
Concentrations and Isotope Ratios in Soils » means of automated on-line extraction chromatogra- ry I n a n u e I n O n O S e e I S C a p a
phy - anion-exchange chromatography - inductively
coupled plasma-mass spectrometry »

spectometry.
0000 * Optional: subsequent Alpha/Beta via LSC



Am/Pu in spiked acidified water = """

TK-GA Disc —

Counts

140

120

100

80

60

40

20

2

239Pu

241Am

SR i |

3 4 5 6 7 8 9 10
Energy, MeV

Alpha spectrum, Am-241 & Pu-239, each ~50mBq, 100mL pH2 HNO,
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TK-GA Disc —
U/Po in spiked acidified water

—> Solution synthétique simple dopée en 238U et ?®Po
(100mL HNO, 0,01M ; sans ou avec Ca a 0,1g/L ; 30mBq soit 0,3Ba/L)

60
FGAM240710_HNO3 0,01M

50 FGAM240710_HNO3 0,01M ; [Ca] =0,1g/L

238
40 U

30

Coups

20 209Po

10

0
2000 3000 4000 5000 6000 7000 8000 9000 10000

Energie en keV



O R&D disques Alpha : GA Disc

joint research laboratory

Résultats : — Eau minérale naturelle : Pedras (100mL)
—FGAMZ240710 ; Eau minérale Pedras
350
FGAM240710 ; Eau minérale Pedras;
300 228Th 2éme comptage t0+12 jours
224Ra
250
200
Ei = treés bonne résolution
8 . = rétention 228Th : 320mBq/L mesuré = cohérent avec
@ 150 [ valeurs littérature (270mBq/L )
220 = apparition descendants du ??8Th puis mise a
Rn ’équilibre dans le temps
100 228Th1‘ 216p0
|
50 J' 212
J\uJZIZ i Po
0 racalustsiime. »ﬂ-‘u:.r".d-ii‘sq\':\f'w f"‘w""w A ..A e mna tollsmtny sactetannton itiiotelac .

2000 3000 4000 5000 6000 7000 8000 9000 10000
. ) Food Standards Agency, UK, Report 67/04 September 2004
Energie en keV

No Ra Retentionin pH1, Th very well retained. Good resolution



TK-GA Disc —
Ra in spiked acidified water

— Solution synthétique simple HNO, (100mL) 0,01M dopée en
226R3 (30mBq soit 0,3Ba/L) (résultats octobre 2024)

Spectre Alpha du GA disc

140 —FGAM240710_HNO3
120

100

Coups

2000 3000 4000 5000 6000 7000

Energie en keV

No Ra retention at Ph 1 and 2. Ra retained at higher pH but no spectrum
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TK-GA Disc — Am/Pu Iin sea water

—FGAM?240710_Eau_mer_synthétique

180
——Eau_mer_reelle_Am_Pu

160

239P
140 u
120

100

Coups

80

| 241Am
60

40
20 &
0
2000 3000 4000 5000 6000 7000 8000
Energie en keV

Alpha spectrum, Am-241 & Pu-239, each ~30mBq, 100mL sea water, pH2 HNO,

Higher yields for Pu



TK-GA Disc — Am/Pu in 3M HNO,

120
HLB-GA-001 ; chargement en HNO3 3M

100
239Pu

80

60

Coups

40

20 241Am
5486 keV

|

2000 3000 4000 5000 6000
Energie en keV

Alpha spectrum, Am-241 & Pu-239, each ~50mBq, 100mL 3M HNO,

High yields for Pu, no Am retention



“e Next steps

TK-GA Discs:
* Publication upcoming
* Other matrices (e.g. primary cooliant) and acid concentrations
* Spectrum deconvolusion => Subatech
* More data on other alpha emitters

* Behaviour of Ra
. Retention at pH3-4 but no alpha spectrum
. Migration into the disc?

TK221 and TK200 Discs in 3M HNO,
» Stacking for AC screening? => rapid screening methods
*  Will require 6M NaNQO; rinse before drying for acid removal...
 =>|ooks good cold, alpha spectra?

TK201 and TK101 Discs and methods optimisation

Srvia TK102 and/or TK227 Discs? LSC? GPC?
More discs...



o o Passive sampling

Wagner et al.

Passive sampling via DGT
(Diffusive Gradiant in Thin
films) => ‘bio-availability’

TK100 Discs for Sr, Pb, Zn
and Sr-90

CU Discs for Cu

Iyghﬁl-listry
He®

pubs.acs.org/ac

Selective Diffusive Gradients in Thin Films (DGT) for the
Simultaneous Assessment of Labile Sr and Pb Concentrations and
Isotope Ratios in Soils

Stefan Wagner, Jakob Santner, Johanna Irrgeher, Markus Puschenreiter, Steffen Happel,
and Thomas Prohaska™

Cite This: Anal. Chem. 2022, 94, 6338-6346 I:I Read Online

DGT base
TK100 membrane }

c(Sr) + 5(¢7Sr/®*Sr) &
¢(Pb) + 5(2"Pb/2%Pb)

f DGT cap

D|ﬂus'we gel

Filter membrane



Tc Reconcentration

Sample preparation (2) Washing ) (3) Elution 1 | (2) Rebuffering
Manual filter disk- N, X
based ExC workflow

1) Loading e S
“' ’ R e

... .. ..'..... - .l

el ~ -~ (5) ExC-IC-ICP-MS
2 ] & ‘ | ?  —
L
S TR
L) .‘.
. r \ _J - \

« Quantification of technetium-99 in wastewater by
means of automated on-line extraction chromatogra-
phy - anion-exchange chromatography - inductively
coupled plasma-mass spectrometry »

). Anal. At. Spectrom., 2024, 39, 2774-2782

1L hospital waste water
Preconcentration on 47mm
TK201 Disc

Elution in 0.5M NH,OH
Readjustment of pH to allow
loading onto TK201 column
(PrepFast)

Elution in 0.5M NH,OH
concentration/purification step)
Load onto IC column

Elution in 0.15M NH,NQO3 in
very small volume

~100% chemical yield

LoD < 1fg/kg



R Production of « industrial » extraction
chromatographic resins

Hydrometallurgy, some decontamination work
Valorisation / critical metals from ‘waste’

Decontamination / valorisation of wastes, effluents or decontamination
agents (e.g. acid)
Example: Am-241 for isotope batteries

Number of reuses
Range of different resins being fabricated and tested
Bigger particle size support: ~300 — 800um

Higher amount of resins requested

Challenge: supply of raw materials
Pricing

Increase of production capacity for these resins 72



‘. Some other on-going projects

« Rapid tests » Fate’ of RN in the environment +

» Impregnated PSm resins bioassay
» Range of “Test sticks’

« Suitable impregnated support

« UM => rapide isotope ratio analysis
by MS (metallomics): Cu, Ca, Zn,...

 NPL

« Uni Barcelona

» Passive sampling (DGT)
« Separation of DTM .

« SE Resin => |Ines presentation
« Zr-93, Fe, Mo, Nb,...

« Separation methods

* Mainly longer lived RN (=> therapy)
« Ac-225/7, Lu-177(m), radioiodine,...
« Quantification

* In-field preconcentration
* Impregnated membranes
» Cartridges

Microfluidics
Other 'geometries’ &
‘Non-resin’ separation materials
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Thank you for your attenti




	Diapositive numéro 1
	TrisKem International
	Cartridge packing
	TK Resin naming
	TK200 Resin
	Actinides on TK200�(all data Van Es et al.)
	U/Th separation on TK200
	TK200 Resin - U/Pu separation
	TK200 - Applications
	TK200 - Applications
	TK200 – direct Pu load/separation
	TK221 Resin
	Diapositive numéro 15
	TK221 Resin
	Tandem TK200/TK221
	Diapositive numéro 18
	Diapositive numéro 19
	Diapositive numéro 20
	Diapositive numéro 21
	Diapositive numéro 22
	Diapositive numéro 23
	Diapositive numéro 24
	Diapositive numéro 25
	TK100/1 Resins
	TK100 Resin
	TK101 - Radium
	TK101 Transition Metals
	TK101 - Ra
	Diapositive numéro 31
	Diapositive numéro 32
	TK102 Resin
	TK102 Resin – Elution curves �comparison vs SR Resin - Sr separation
	TK102 Resin – Elution curves �comparison vs SR Resin - Pb separation
	Diapositive numéro 37
	Tc-99 separation
	TK201 Resin
	TK201 – Actinides
	TK201 – Dw values
	TK201 Resin – Elution curve
	Diapositive numéro 43
	TK202 Resin
	TK202 Resin
	TK200 Resin
	TK200 Resin
	TK-TcScint
	TK-TcScint
	TK-TcScint
	TK-SrScint
	TK-SrScint
	TK-SrScint – �Rapid method Sr-90 in milk
	TK400 Resin
	Fe/Mo/Nb separation
	Calixarene based resins for Cs separation
	Calixarene based resins
	Diapositive numéro 58
	Diapositive numéro 59
	Diapositive numéro 60
	New/under development �impregnated membrane filters
	New/under development: �impregnated membrane filters
	Diapositive numéro 63
	TK-GA Disc – �U/Po in spiked acidified water
	Diapositive numéro 65
	TK-GA Disc – �Ra in spiked acidified water
	TK-GA Disc – Am/Pu in sea water
	TK-GA Disc – Am/Pu in 3M HNO3
	Next steps
	Passive sampling
	Tc Reconcentration
	Production of « industrial » extraction chromatographic resins
	Some other on-going projects
	Diapositive numéro 74

