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New Resins - domains and applications
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ioassay
 Radiochemistry

— Environmental monitoring, bioassay, waste monitoring, decommissioning

Decommissioning

— Actinides, fission and activation products, NORM, methods/resins for DTMs, rapid methods....
»  TKI00/1, TK200, TBP, CL Resin, TK201/2, TK300, TK-TcScint, Extractive discs....

 Mass spectrometry

— |sotope ratio determination (universities, petrol industry....) Geochemistry
— Sr, Pb, I, actinides, Cu, Sn.. " . ggsmﬁon
» Dating of geological samples :TK200, TK300, TK400....
»  Food provenancing : TKIOD....
»  Nuclear forensics: TK200, TK400...
Biomedical (Cu).... => CU Resin,...

>

\Y4

UGM Cambridge - 21/03/18 2



Domains and applications o
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e [Decommissioning/decontamination

Decommissioning

 [reatment of effluents / liquid wastes / environmental waters

— Removal of radioactive contaminants & heavy metals (Cs, Sr, Ra, 1...)

* |norganic compounds embedded into PAN matrix
> L3 Resins, more under development

 Polymer-based => TK202....

* Hydrometallurgy

 Recovery of critical metals Ge"ci‘z‘;i“ry
. REEVE“I’IQ Metals Separation

> Mainly functionalized polymers => under development
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Domains and applications

e Radiopharmacy/Nuclear Medicine Rad oD

and

Nuclear Medicine

e Radionuclide production

— [ooperation with cyclotrons @ reactors (NL, RN producers....)
— Jdeparation of radionuclides from irradiated targets
» Diagnostics: Zr-83, Cu-b4, ba-b&, Ge-bg, Ti-44/3, Tc-389m...
* IR Resin, CU Resin, TK200 Resin, TK400, TK201, TK202....
» Therapy: alpha emitters, Lu-177, Cu-B7, Sn-1l7m....
- TK400, TKZ00, TBP Resin, CU Resin,...
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Domains and applications o
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 Nadiopharmacy/nuclear medicine Radigphalalsg

and

Nuclear Medicine

e Purification of generator eluates => under development

e [econtamination of contaminated effluents => GL Resin,...

e [luality contraol

— [artridge based methods
— DBGA sheets (functionalized TLC, Ra-223, Ga-68, Pb-212.....)

Start Front
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Fosition (wes) Position (nn) - A scheme of chromatographic separaton of mixture of **’Ac and his
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Uriginal scope: Hydroxamate based resin
e Standard for r separation from Y targets
e Ready to use
e Facile /r elution (avoid IM oxalic acid)

[r-88 production via (p.n) reaction from natural Y (Y-d3) targets
— High Zr/Y selectivity necessary

Fast extraction kinetics: > 3% after | min
Also used for other separations possible (Ti/sc, be/Ga, ba/.n)
Applications in analytical applications (Zr-33, Nb....)

UGM Cambridge - 21/03/18 b



[R Resin - HC|
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ZR Resin - D, HCI

ZR Resin - Dy, HCI

' 0,01 0,1 e/ 1 10 ' 0,01 01 . 1 10
* No selectivity for Y, Sc * No selectivity for alcaline and earth

* High be/ba selectivity at elevated HC alcalines

o e |anthanides are not retained

High selectivity for Zr, Ti, Nb, W over
wide HCl concentration range

o Strong Fe retention (dip at 2 - sM HCI)

UGM Cambridge - 21/03/18 1




[r Resin - HN[, .
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ZR Resin - D, HNO, ZR Resin - D, HNO,
1,00E+06 N : : — - _— 1,00E+06 — — —
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1,00€-01 : : : : = T : : i 1,00€-01 l
1,00E-02 1,00E-02
0,01 0,1 1 10 0,01 0,1 1 10
c(HNO,) /M c(HNO,) /M

* High selectivity for Zr, Ti, Nb, Wover ¢ No selectivity for Y, Sc, lanthanides,

wide HNO, concentration range earth alcalines, most transition metals....
* Loss of selectivity at BM HNU; « High Ge/Ga selectivity at 3M HND,

=> Resin shows colour change
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[r separation incl. Fe removal 7o
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Zr separation on 1 mL ZR Resin column

O
I
=
100% g
I
=2
90% :
- T R1: 8 x 1 mL 2M HCI R2:8x1mL E: 4 x 1 mL 0.05M oxalic acid
2 water
70% —E'
x 60% :'
; ——7r
g 50% —@—Y
é 40% —@—Fe
—@—Ti
30%
20%
10%
0% 32
0 1 2 3 4 5 6 7 8 9 IOVOIZh]me %év) 13 14 15 16 17 18 19 20 21 22 23
e |padfrom?Z - EM HCI e [luantitative Zr elution in 1.9 - 72 mL 0.05M
* Rinsing described by Holland can be used oxalic acid
e No activation with acetonitrile e [lean Fe removal
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Futher elution studies Ga/ke e
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Elution Zr resin Ge separatoin on 1 mL Zr Resin - 3M H2504
1000 100%
L: 1mL 3M H2504
o 9% R1-RS: 1mL 3M H2504
L: 1mL3M HNO3 E1-E10: ImL H20
o 80%
R1-R5: 1mL 3M HNO3
Tirs N
R6-R10: 1mL 2M HCI —-—Ga 0%
g o E1-E10: 1ImLH20 e I e
g —Cu % —e—Cu
= - - 1 § S0% —e—1In
i ——Ca 40% ——Ga
—a—0 —o—Fe
o —.=Fe 30% ——Ge
b Y il 20%
e 10%
= 0%
e (BY) N ’ ‘olume (BV) ! ! B !

Elution Zn resin

* [ie separation from Ga, GaNi or
halo for Ge-B8 production

* Loading from HNO,, HEI or Hys0,
— HNO, & H,30, preferred
=> [ell, volatile

o veume@y : . ® I:E PEITIEIVB' Wlth 2M HEl WhEn

Inading from HNI,
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Ti-Sc Separation

60%
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30%
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0%

Ti/Sc separation, ZR Resin

L R1 R2 R E2 E3 E4 ES

B Sc

T

3 R4 R5 El

* |n-house tested up to ol mg Sc (100 mg ZR Resin)

Ti retained from |OM HCI, Sc not retained

e i elution with 0IM citric, 0.2M oxalic acid, 0.IM H,[,

UGM Cambridge - 21/03/18
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L 1mL
Rl 2mL
R2 2mL
R3 2mL
R4 2 mL
R5 2mL

El 0.5mL
E2 0.5mL
E3 0.5mL
E4 0.5mL
E5 0.5mL
E6 0.5mL

ME 10 m HCI
10 m HCL
10 m HCL
10 m HCL
10 m HCL
10 m HCL

0.1 m citric acid
0.1 m citric acid
0.1 m citric acid
0.1 m citric acid
0.1 m citric acid

0.1 m citric acid

— —

E6




. Separation of **Ti from proton irradiated scandium by using solid-phase extraction
I = chromatography and design of *'Ti/**Sc generator system

V. Radchenko, C.AL. Meyer, JW. Engle, C.M. Naranjo, G.A. Une, T. Mastren, M. Brugh, E.R. Birnbaum, T RISHE M
K.D. John, F.M. Nortier, M.E. Fassbender* Expertise in Separation Chemistry

Chemistry Division, Los Alamos National Laboratory, P.O. Box 1663, Los Alamos, NM 87543, USA

10 100

I l I I ) 00 | 6M HCI 0.65M H,0,/6M HCI
J1T 1 1 T 1™ 0 :  lgirradiated Sc
L 800 " 1 o _
6 £ o = « ba.2 MBq Ti-44
3 - &~ Sc 600 = ; 50 4 .
Z, |l==" Z o e amlZrResin
L 400 30 1
B - N % o Ti-44 yield >35%
- / “u 0 %
0 , T“"‘!' v Lo 0&6\“%\501:“\‘95ﬁ‘\é\s‘“\‘gp.sﬁ‘\(‘s\m“\‘iblm“\’ ° Df(SE) “]5
’ ’ ! [I-ICI]f M ' v o Fraction

Fig. 3. HCIl concentration dependency of K. for “Ti/**Sc on ZR hydroxamate resin. Fig. 5. #Ti*Sc elution profile using ZR hydroxamate resin with a load of 4 g of scan-
dmm.

Use of ZR Resin as support in Ti-44/Sc-44 generators

 Direct (I mL ZR Resin) and reverse elution (2 mL ZR Resin)
e  ba column volumes tested up until publication

e High Sc yields, max. Ti-44 breakthrough: 4.1:-4%

o [btained Sc gave labelling yields > 34%

 [Lenerator has just been set-up at BNL

Fig. 1. Schematic concept of a forward/reverse flow radionuclide generator. UEM EEImhFIdQE _ ZI/DH/IB '2




ba-b7/48 separation from Zn targets e
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Separation Zr resin - L: 10M HCI - E: 1.5M HCI

L: ImL 10M HCl
90,00% R1-R10: 1mL 10M HCI
E1-E10: 1mL1.5M HClI

EANM ‘17: Presentation Gagnon et al.

§ 50,00% +G_a
1::: Separation TK200 resin
o L: 1mL 1.5 HCl
,00% R1-R10: 1mL 1.5M HCI
E1-E10: ImLH20
Volume (BV)
e |oading from: £ s B
— [.IMHND; (liquid targets) 30005
— >BM HCI (solid targets) o
. . 0,00% o—
o [lean ba separation on ZR Resin : 5 D et 2 s

e Elution with 1.aM HCI * [1a conversion step on TKZ0(0
— Too high for labeling/injection o TK200 load from 1,aM HCI, elution in 2 - 3 BV water

UGM Cambridge - 21/03/18 3



Dw values TK200 - HCI y
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=> product sheet on website
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Uther examples for separations on TKZ0(0 o

e Pt separation from Ir

P83

Rexaeery (%]
s § 0¥ 956 5 6 @
- ."*—-.___________H_Lmd-:rru.muﬂ

Ir/Pt separation on TK200 Resin (1 mL column)

e Scfrom Tior [a

Sc separation on 1 mL TK200 Resin

g

Preftistd

T RISHKEM
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e /[n separation from Cu

Zn/Cu separation on 1 mL TK200 column

5384855838888

’l.——_._______________‘__
t4

]

*— —
2 4 E

More applications under development
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pdate on LU Resin o
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o [xime based resin (very hydrophobic, preferably use as cartridge)
— [olumn packing from 20% EtOH

High selectivity for Cu

Load from pH >Z, elution in high acid

— Not ideal for solid Ni targets
 TK20! under evaluation, on its own and combined with CU Resin

— Very suitable for liquid targets and solid Zn targets (=> Cu-67)
— High labelling yields

Typical applications:
— [Cu isotope production from Ni or Zn targets
— [u removal (Ni-b4 purification)

— [uisotope ratio determination by mass spectrometry (=> ESI)
o [eochemistry, Archaeometry, Biomedical (Wilsons Disease)

UGM Cambridge - 21/03/18 &



Lu-B7 at BNL (Delrattenreid et al.)

Cu Resin

= Dissolve irradiated (86.4 pA for 0.79 d) "#7n target (13.70 q) in trace metal

grade conc. HCI
= Evaporated to dryness and reconstitute into milliQ water (91.5 mL)

to give a 312 mg ZnCl/mL solution
= Ensure pH = 2 with pH paper
# Added ~80.8 mL (18.9 g ZnCl;) to Cu Resin column (2.40 g}
# Quantitative transfer with 2 x 20 mL H,0- into load bottle
* Rinsed with pH 2 HCI (80 mL)

Purification of 7Cu and Recovery of its Irradiated Zn Target Poster
A.J. DeGraffenreid® , R. Nidzyn?, B. Jenkins?, D.E. Wycoff?, T.E. Phelps®, A. Goldberg?, D.G. Medvedev?, $.S. Jurisson®, prese nted at
C.S. Cutler®
aBrookhaven National Laboratory, C-AD/MIRP—Upton, NY (USA) ISRS 2017
bUniversity of Missouri, Department of Chemistry—Columbia, MO (USA)
Cu Resin
Recovery (%)
- EOB Acrivity Load w/ Quant. pH2 HC1 |, . .
Nuclide (mCi = la) Transfer Rinse Acid#1 Acid 2

Sy 4700+ 200 ND ND 102 ND
Szn HN0=08 103 ND 0.04 ND
o 63x1 104 0.04 0.1 0.01

* Recover radiocopper with 2 x 20 mL 6 M HCI
= Evaporate 6 M HCI fo dryness

# Produced 143 mCi ®"Cu
~ Quantitative recovery of radiocopper
# 99 5% radionuclidic purity—single column
#ICP-OES: 1329 uyg Cuand 1.3 mg £n
= Anion exchange column still needed to remove trace Zn
» Specific activity 57Cu at EOB: 1.07 mCi/ug

Cu Resin

Robust separation that could shorten the overall processing time to separate co-produced
radionuclides and large quantities of Zn from radiocopper
Cation and anion exchange columns still needed to suitably purify radiccopper

UGM Cambridge - 21/03/18 (7



Cu separation- conversion on TKZ20I o
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 [u conversion from high HCl to more suitable conditions usually done using AIX

Prablem: shrinking/swelling of AIX, insufficient trace Zn remaval

K201 to be used as replacement?

TK201 A L: SmL 6M HCI 1,00E+04
i Ri-B3; iml &M HCI
EL-E10: 1L D,5M HCI

S
E000%
Touon
B
SO00%

Ricovery (%)

britd

5]
i
i

FFEE S

 Removal of trace Ni during load/rinse

Concentration [HCI] en mol/L

 /[nremains retained during Cu elution

Solid Ni targets: improvement of ba/Co removal or combination with CU Resin

UGM Cambridge - 21/03/18 18



DGA Sheets || e
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 [IC of radionuclides and generator eluents (p.ex. Ra-223, Ac-2Z2a/8i-213, Pb-21Z,

Le-68/Ga-b8 ...) with TLC scanner or radiometer/LSC after cutting

— Therapy: alpha emitters
— Diagnostics e.g. with generator produced ba-b8

 More types of sheets under development (selectivities, geometry)
o /D TLC under development (with Subatech) => use in decommissioning

— [uadratic sheet, two runs (30 turn in-between) with different acids => 20 pattern
— Measurement e.q. with Ai4r Beaver system (high res o/(3 discrimination counting)

P L el ro e T\ A W W S R —
3] pp| E .
m: E 1300 L Start Front
200 E ] [
E o | F ] [
= 3 g |moy 5
3 100 [T E 3 5 F
|\ S L L\" J/\“H 3
A o o w _w _m AP AR AP RS iy, A Wph  #Ra
=
dioch e d i ) dioch b d one hour afer A scheme ofdwvmatogmph:c Wof mixture ‘jﬂ’AQ and his
after separaton. Low abundant radiatons of 1 Decay and ingrowth of 'Pb is clearly daugther s niclides. **’Th remains on start, *’Ac has the retenton factor
2 Ac were not detected. visible. ca 0.2, 'Pb ca 0.7 and **Ra ca 0.9. —
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K400 Resin 7o
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* Long chained alcohal

e Main application: Pa separation (Pa-230/1 determination by MY)
— NPL (no selectivity for actinides, Ac, Ra, Pb...=> Pa-230 purit.)
— Also retains Mo, Nb, Po, Ga...

e [1a-b8 from solid Zn targets under testing
* Nb separation from Zr (Nb-30)

Mo separation for Mo isotope ratio determination
— At separation from Bi targets to replace dry distillation?

oooooooo
TK400

mL 10M HCI

oooooooo

00000000

2
R
T
L=
-—
°o———ma-
= e e
—_—— ol
*+—o—~m
- .
om
e
o
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Update CL Resin
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Chromatographic separation of the theranostic radionuclide '"'Ag '@% Agiiied Rediaion and lsotopss L
from a proton irradiated thorium matrix 2 Volume 86, April 2014, Pages 90-96 !
ELSEVIER
Tara Mastren ".bValery Radchenk% a1 Jonathan V:)I. Engle 2, John W. Weidner ?,

Allison Owens °, Lance E. Wyant °, Roy Copping °, Mark Brugh ?, F. Meiring Nortier °, Py .

Eva R. Birnbaum ¢, Kevin D. },ohn = Mi)t,:hae':pE. Igassbender 2] # ¢ Accurate determination of %I concentrations and

129 1,137 bt ;
& Chemmitry Division, Los Alames Notional Laborator 0. B 1653, Los Alamos, MM 6756, USA I/'= Cs ratios in spent nuclear resins by Accelerator

® Nuclear Security and Isotope Technology Division, Oak Ridge National Laboratory, Oak Ridge, TN 37831, USA Mass Spectrometry
Emmanueiio Nottoli * £ 8, Philppe Bienvenu P8 Alexandre Labot 283, Didier Bourlds <83,
HIGHLIGHTS GRAPHICAL ABSTRACT Maurice Amold < 8. Maité Bertaux 3 2 B
o Chromatographic recovery of medical B Show more
isotope '""Ag from proton irradiated m TM(p) Ag, Ac
HC1 dissolved Th target ips./idoi.org/10.1016/).apradiso.2014.01,010 Get rights and content

o First-time  measured equilibrium om0,

thorium targets. (A As,Th, p"'.m'
distribution coefficients for silver and A «a

ruthenium on CL resin. e g § (ST
« #2Th (p, fission) cross-section data tm- > Anal. Chem., 2018, https://pubs.acs.org/doi/10.1021/acs.analchem.8b01380
for the formation of """ Ag and ""*™Ag. """'_T“_h""" QAN
n—r‘.— 7 [l: (‘Q
] Cancer Separation of protactinium employing sulfur-based

extraction chromatographic resins

Tara Mastren’, Benjamin W. Stein, T. Gannon Parker’, Valery Radchenko'™, Roy Copping?,
Allison Owens?, Lance E. WyantI,Mark BrughT, Stosh A. Kozimor', F. Meiring Nortier!, Eva R.

° [l M- g 0 I N g tE Sts f[l [ Au ' P d ' H g Bimmbaum!, Kevin D. John', Michael E. Fassbender’”

“ op I n [] GT TChemistry Division, Los Alamos National Laboratory, P.O. Box 1663, Los Alamos, NM 87545,
USA
"Nuclear Security and Isotope Technology Division, Oak Ridge National Laboratory, Oak Ridge,
TN 37831, USA

#Cwrent Address: Life Sciences Division, TRIUMF, 4004 Wesbrook Mall, Vancouver, BC,
V6T2A3, Canada
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lodine removal trom eftluents 7o
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> Decamp et al.: lodine removal from elevated sample volumes at high
flow rates®

> |ssues with rad. waste storage
> Storage as liquid waste challenging
> Preferably stored as solid waste

> > |0 L radioactive process eftluent (IM HND,),
> Fow rate up to 180 mL/min
> Mixed-bed columns
> 3q CL resin (plus 4g XAD-4 resin), indine uptake: 82 - 0%

8. Decamp (IRE). S. Happel: Utilization of a mixed-bed column for the removal of indine from radioactive process waste solutions, Journal of

Radioanalytical and Nuclear Chemistry, online April 2013, DOI: 10.1007/s10967-013-2503-1

UGM Cambridge - 21/03/18 22
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« [.LILP.S. 2020  SEResin: e.q. Se-72/As-72 generatar
 [aResin(s) (piazselenol chemistry)
o K300 Resin for Cs/Rb separation e [c-98m separation from Ma (TK201/2)
e [Inline concentration/separation  [GT (radioelements and heavy metals)
e FExtractive discs — Passive sampling/'bio-availability’
 Resins based on scintillating beads *  ba puritication (generator) and [0

— Uni Barcelona  At-Zll separation (e.q. TK400)
* |mpraoved Ni Resin e Ac-77a separation e.q. from Ra-Z2b
* LiResin  Removal of radiouclides from effluents
o |anthanide separations (e.g. Lu-177 e functionalised polymers/silicates....

separation from Yb) => new resins . .

UGM Cambridge - 21/03/18 23
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Thank you for your attention!

Thank you for your participation!

in
We hope you have enjoyed the UGM I
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