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4 Overview

Research interests * Radiolanthanides
‘RadPharm’ — Tb-161 from Gd targets
ZR Resin * Ac-225

— Zr-89 from Y targets * Ra-226

— Zr-89 via TBP/TK400 e Tc-99m from Mo

— (a-68 from Zn targets e Quality Control — Sheets
Cu-61/4/7 e Other on-going R&D

— TK201 Resin

— CU Resin

— TK250



0 Radionuclide production

> ‘Legacy materials’
e “Th”/Pb-212, Th-229/Ac-225

» Cyclotron

» Reactors (or other neutron sources)
* Fission (e.g. M0-99)
e ‘Carrier added’ Lu-177 => Lu-176 (n, y) Lu-177
* ‘Non-carrieradded’ Lu-177 =>Yb-176 (n,y) Yb-177 > Lu-177 +
» Common challenges:
* Large excess of matrix (target material) => Very high decontamination
factors required
* Cyclotron, often short-lived => rapid separations
* Very high radioactivity levels => increased radiation stability

» Requirements for resins: == m -
* Choice of right resin particularly important = ; e B = _
* No selectivity for target material, high selectivity for product [ - [ g-iir-- 1 .
* Elution under ‘soft‘ conditions in small volume => labelling/injection dovo t AIRNE oy

* Fastkinetics

« Combining several resins can facilitate the separation
* Conversion (high acid to dilute acid)
* Removal of impurities upfront




V4 /R Resin

Original scope: Hydroxamate based resin

* Different form Holland et al.
* Standard for Zr separation from Y targets
* Readyto use/ no activation

* Facile Zr elution (avoid 1M oxalic acid)

Zr-89 production via (p,n) reaction from natY targets

* High Zr/Y selectivity necessary

* Alternative e.g. TBP Resin (=> Graves et al.)

Application for other separations: Ti/Sc, GalZn, Ge/Ga
On-going work => improvement of radiolysis stability



/R Resin — HCI

ZR Resin - Dy, HCI

ZR Resin - D, HCI

1,00E+05 ’ 2 1,00E+05 : Y
7 8 I : i *y ? {
1,00E+04 § — Fr 2 1,00E+04 $ 3
o i Tl ) I ! {
1,00E+03 1,00E+03 : + ves
& 1,00E+02 :‘ic 1,00E+02 . * ! o
J o =BT ' + = .::;
1,00E+00 a i l : é 1,00E+00
i
0,01 0,1 o 1 10 0,01 0,1 o 10
* No selectivity forY, Sc No selectivity for alcalines and earth
. alcalines

High selectivity for Zr, Ti, Nb, W over
wide HCl conc. range
High Ge/Ga selectivity at elevated HCL

Lanthanides not retained
Fe retention (dip at 2—-3M HCI)
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o . Zr Resin — HNO,

ZR Resin - D, HNO,

ZR Resin - D, HNO,
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High selectivity for Zr, Ti, Nb, W over
wide HNO, concentration range

* Loss of selectivity at 6M HNO,
=> Resin shows colour change

No selectivity for Y, Sc, lanthanides,
earth alcalines, most transition
metals,...

High Ge/Ga selectivity at SM HNO,
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Recovery (%)

" *, Zr-89 separation from Y targets

Zr separation on 1 mL ZR Resin column

100%

90%

R1:8x1 mL2M R2:8x1 mL E:4x1 mL0.05M oxalic acid
HCl water

80%

L: 1T mL2M HCL

70%

60%
—@—Zr

50% —@—Y
—@—Fe
40%
—@—Ti
30%
20%
1

10%

0%

0 2 3 4 5 6 7 8 9 10, 11 13 14 15 16 17 18 19 20 21 22 23
Volume(g\/)

Load from 2 - 6M HCI * Quantitative Zr elutionin 1.5-2 mL
Rinsing described by Holland may be = 0.05M oxalic acid

used * Clean Feremoval

No activation with acetonitrile * Requires oxalate to e.g. chloride

conversion 12



Zr-89 chloride via TBP and TK400

Contents lists available at ScienceDirect

Nuclear Medicine and Biology
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ELSEVIER journal homepage: www.elsevier.com/locate/nucmedbio
[89Zr]1ZrCly for direct radiolabeling of DOTA-based precursors™ Skl
Serge K. Lyashchenko ™", Tuan Tran®, Steffen Happel“, Hijin Park *, David Bauer ",

Kali Jones", Tullio V. Esposito”, NagaVaraKishore Pillarsetty ", Jason S. Lewis ™ "4

* Radiochemistry and Molecular Imaging Probe Core Facility, Memori Kettering Cancer Center, New York, NY, USA
" Department of Radiology, Memorial Sloan Kettering Cancer Center, New York, NY, USA

< Triskem International, Inc., USA

4 Program in Molecular Pharmacology, Memorial Sloan Kettering Cancer Center, New York, NY, USA

Mcmorial Sloas Kettering
| Cancer Center

P [*Zr]Zr-Chloride

BB :
- iz N
P bar
Fu S | GEa
7bar < ©

S8 8

E "
<
ﬁ*@ |
0.5 ‘, -
bar
xh
B ‘ L) -
\\\\\\\ E aa = ==
P Ea
[ W
R ast SRR ORISR
vial nr‘i),
111
X
V@h Vaste

Table 1. Summary of Measured Iron Content in TBP-purified solutions.

Improvement of method published by Graves et al.
(TBP only) => insufficient Fe removal
Load and rinse on TBP Resin at ~10M HCI, elution
in dilute HCI
Use of 2xTK400 before TBP Resin for Fe removal
Production of 11.1 — 14.4 GBq of [39Zr]Zr-PSMA-
617 and [89Zr]Zr-PSMA-I&T
Apparent specific activities of 11.1 - 14.4 MBq/ug
« 2-3x more than before at industrial quantities.
On-going:
« Use of TK201 instead of TK400 for impurities
removal (catch additional impurities? E.g. Cu)
« Alternative methods for Zr oxalate conversion
to Zr chloride (avoiding QMA)

Table 2. Summary of Radionuclide Purity Measurements in [SQZL']ZrC‘L; Solution.

Purification Intervention Measured Iron Content Source
(ppm)
No TK400. TBP only 32.7-388(n=6) Graves et al.
Single TK400, followed by 8(n=23) This Study
TBP
Double TK400, followed <1(n=3) This study
TBP

Batch FZr)ZrCL - | [CZ1)ZrCL- | [Zr)ZrCL - P Zr)ZrCl, -
Batch 1 Batch 2 Batch 3 Batch 4

Radionuclidic >09.9% >09,9% >09.9% >00.9%

Purity

% of “Zr 6.9<10772, 2.0x1077%, 475107 % 1.2x107%,

% of Y 3.6x107 " 2.0x107 2.2x107% 5.1%107%




% Use of TK400 for Fe/Nb removal

Elution study TBP Resin  On TBP only: Fe and Nb follow Zr

- « Removal of Fe & Nb upfront possible

using TK400 Resin

+ Test with stacked 2 mL TK400/TBP

10% rtri
. 1 cartridges

_ _ _ |
0%
Load: 5mL9M Ri 1:5mL Ri 2:5mL Ri 3:5mL Elution 1: 5 mL Elution 2: 5mL - I i
e e sy Load and Rinse at 1T0M HClwith TK400

stacked above TBP
- Splitting of cartridges and separate

Lo Elution study TK400/TBP Relsin TK400 Elution elut|0n W|th d|lute HC'.

90% TBP Elution oy

80% Stacked TK400/TBP wzr TBP =>ZR Only

70% Nb

| TK400 = > Fe & Nb
Load Rinse; Ri 2

40%

For Nb/Fe separation => Fe(ll)

30%
20%
10%

0%

Y passes through both

Rinse 3 TBP Elution TBP Elution  TK400 E1 TK400 E2

T|<4o§/aTBP: 5TKA00/TBP: 5TK4[§8?‘?BP: 5TKA00/TBP: 5 1:5ml 2:5ml TKA00: 5ml TKA00: 5ml ° Pote nti a I fo r N b Se pa rati O n fro m Zr

mLOM HCl  mLSMHCI mL9MHCI mLO9MHCI  0.05M HCI  0.05M HCl  0.05M HCl  0.05M HCl



s (Ga-68 separation from Zn targets

» Irradiation of Zn-68 targets in cyclotron ZR Resin - D,, HCl
> (Ga-68 separation on ZR Resin | LI
= No selectivity for Zn (target material) i
» Loading possible from: !
* dilute acid (liquid targets => typically HNO;) < ...
« >6M HCl (solid targets)
= Rinse under loading condition
= Elution with ~1 - 2M HCI
> Too acidic for injection or labelling - 1 !
Separation Zr resin - L: 10M HCI - E: 1.5M HCI o(Hal) /M
o * Ga-68 ‘conversion’ necessary
* Evaporation & dissolution difficult to
5 B automize

R
[ J

Easier => use of another resin
TK200 Resin (TOPO) load from 1 - 2M HCl

ct¥vgovoogodedoovooyge * Rinse with e.g. 1-2M HCl
— New IAEA TechDoc: * Elutionin 2 -3 BV water, dilute acid,..

https://www-pub.iaea.org/books/IAEABooks/13484/Gallium-68-Cyclotron-Production’
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* s, Cyclotron production of Ga-68

Loading 1.5 M HCI
Y ®

& MHC/30% —»@ e @ « Svedjehed et al. Ga-68 from solid Zn

= H,0,@60°C~ in 1‘ =0 HaCI or targets: 1mL each TK400, A8 and TK200

Oy > min 6 M HCl cassettes

[ IfG | : * For high activities: more radiolysis stable

d lIC

. i , version of TK400 available

«| Irradiated 2 mL ZR resin or

6871 :

— 1 mL TK400 resin

|
imL) & (& ) (8
A8 |2MNacl/0.15
. M HCl :
resin ‘
. I
1 or 2 mL TK200 resin
Table 1 High v I ; ‘ I st B
Dnton Zn Collection =—— \WNaste Product Waste Product scale
T S production of [*Ga]GaCl; and [ **GalGa-PSMA-11
fic Wash F5mk 20MNaCHin 013MACL Johan Svedjehed, Martin Parnaste, Katherine Gagnon *
TK Elution H,O 1-2 mL H,0 followed by dilute HCl to formulate

Cyclotrons and TRACERcenter, GEMS PET Systems AB, GE Healthcare, Uppsala, Sweden

*Process as reported previously (Nair et al. 2017)




.+ Ag/Pd separation

'\.\ J

Q Neutrons

8 Loading

Tosato et al.
EJNMMI Radiopharmacy and Chemistry (2023) 8:43
https://doi.org/10.1186/s41181-023-00232-0

(S R N O o v

: : . ®
Chromatographic separation of silver-111
from neutron-irradiated palladium target:
toward direct labeling of radiotracers

EJNMMI Radiopharmacy
and Chemistry

Marianna Tosato', Andrea Gandini®, Steffen Happel*, Marine Bas*, Antonietta Donzella>®, Aldo Zenoni®®,

Andrea Salvini®, Alberto Andrighetto’, Valerio Di Marco? and Mattia Asti’™ ®
Washing Hcl0.005 M
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| HCI 0.005 M

1 HI Neutron Irradiation

Re-dissolution
HCI 0.005 M + NaCl
‘ Pd Target e
e

2 Pd Target Dissolution

iy
T Evaporation
(‘4 - < :
) ’ ’ o
@ Evaporation .i@)l Re-dissolution @
— — HCI1 M —
)}} T4 X 5 4x
Aqua regia, heating i
Evaporation

l l Ag elution HCl1M

LN Resin

TK200 Resin




.2, Cu-61/4 separation on TK201

» Cu-61/4 separation from solid Ni targets
— Target dissolution in high HCl=> 6M HCl
— TK201 retains Cu, Zn, Co, Fe, Ga at 6M HCl
— Run through TBP (or TK400) for Fe/Ga removal
— Load eluate on TK201 and rinse at 6M HCI
* Niremoval and recovery/recycling
— Co elution with 4 - 5M HCL => Co separation
— Cuelutionin 0.05M HCI
* HCl concentration of Cu eluate >0.05M HCI
— Preferably avoid water (risk of Zn co-elution)

Cu Purification on TK201 after sur TBP for Fe & Ga removal
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Fraction in BV (1 mL)

Sued phed et al. ENMM Bodinpharmacy and Chemistry
b/ od.ongf 1001 1864247 1 81 020-00108-7

(3030 531

EJMMMI Radiopharmacy
and Chemistry

RESEARCH ARTICLE Open Access
Automated, cassette-based isolation and ""
formulation of high-purity [®'Cu]CuCl, from ==
solid Ni targets
Johan Svedjehed’ | Christapher 1_kutyref, Jonathan W, Engle™ and Katherine Gagnon'
Dissolved target: inse: Rinse:
~6 mL6 M HCI —jn /79 szEMHCI 4 mL5 M NaCl/0.05 M HCI
e
- Rinse: 1] 3] Cu elution:
5.5mL4.5 M HCI 2mL0.05 M HCI

1 mL (50 —100pm)

' TBP Resin
2 mL (50 - 100um)
\
@
[el
N
——{ | TK201Resin

e
®

| TK201 Resin

“k @ Nitargetrecovery

@

s

Final Cu product

Svedjehed et al. use of NaCl/HCl for
better pH control of eluate

Also being used for Zn separation
Not applicable to solid Zn targets

Higher activity ve

rsion 22




CU Resin

TK201 can not be used for Cu separation from Zn targets (e.g. Cu-67)
Use of oxime based CU Resin instead
High selectivity for Cu particularly with respect to Zn, Ni, Fe, Co,...

D,, Cu resin - HCI

=ie=Cd

Dw

10000

1000

100

10

D,, Cu resin - HNO,

* Used for (large) solid Zn targets (=> Cu-67)
* Notideal for solid Ni targets (usually high HCL) => TK201
* Works for liquid targets (pH 2 - 3) => Fonseca et al.

* Requires pH adjustment...

e Elution in high HCl not compatible with labelling/injection

* Evaporation/redissolution or

Cu separation on 1 mL OU Resin - Elution 68 HCI

* Conversion to dilute HCl e.g. via TK201 (additional Zn removal) e.g. Kawabata et al.

A1-RE0: Erd 000
EL1-E1G- Iml 5k HO

23



7.5, Cu-67 at BNL (DeGraffenreid et al.)

Purification of ¢Cu and Recovery of its Irradiated Zn Target

. . . _ Poster presented
A.J. DeGraffenreid? , R. Nidzyn?, B. Jenkinsa, D.E. Wycoff®, T.E. Phelps®, A. Goldberg?, D.G. Medvedev?, 8.S. Jurissonb,

_ C.S. Cutler? at ISRS 2017
iBrookhaven National Laboratory, C-AD/MIRP—Upton, NY (USA) ]
bUniversity of Missouri, Department of Chemistry—Columbia, MO (USA) Cu Resin
Recovery (%0)
Nuclide IDB:-!Lcri\iryr Load w/ Quant. pH 2 HC1 Acid #1 Acid &3
. . (mCi=+ 1g) Transfer Rinse

* 13.7g Zn metal dissolved to give 312 FCa___ 47002200 ND N> 12 WD
. S 410+0%8 103 ND 0.04 ND
mg ZnCI2/mL solution at pH 2 o 63 =1 104 0.04 01 001

» Produced 143 mCi 9Cu

° Load|ng Of 60,6 ml_ => 1899 ZnCI2 + Quantitative recovery of radiocopper

99 5% radionuclidic purity—single column

onto 2.4g CU Resin column => 8 mL »ICP-OES: 132.9 g Cuand 1.3 mg Zn
= Anion exchange column still needed to remove trace Zn
. . ~ Specific activity Cu at EOB: 1.07 mCi/ug
* Rinse with 80 mL pH2 HCI —_—
« Elutionin 2 x 20 mL 6M HCI radionucliies and Iarge Quantes of 2n flom radocopDer o o

Cation and anion exchange columns still needed to suitably purify radiocopper

« Evaporation to dryness

« Chemical yield ~100% « Alternative to evaporation: Cu elution
 Single column D; for Zn ~10 000 with 6M HCI directly onto TK201

— Additional removal indicated * Cu elution from TK201 in dilute acid
* Ideally further Zn and Co removal « Optional: rinse with NaCI/HCI for better

pH control 24



Upcoming: TK250 Resin

CU Resin high selectivity for Cu over Zn but 1.00E:04
loading from pH >2 required 1,00£+03 . | [ s
Difficult to automize in case of solid Zn targets rooesaz | il RLE
Upcoming TK250 Resin: . | i o

* Curetention from elevated acid up to 3M HCI *° e

* No selectivity for Ni and Zn v o

 Tested up to 300mgeach e | Yy [T [sw
* Cuelutionin 6M HCl oo | ! i+ ‘us
* Ratherlow Cu capacaity (~0.13mg/g) oot Concemmion (] em i/t 1000
Dw values TK250 Resin, various éléments, HCl

1000, Separation on 2 ml TK250 Resin Separation on 2 mL TK250 Resin

i 9 3 7
Fractions 1 2 3 4 5 8 » 9 10 1 12 1 14 15 16 1

Fractions

Cu separation from 300 mg Ni on 2mL TK250 Resin Cu separation from 300 mg Zn on 2mL TK250 Resin



. Upcoming: TK250 Resin

« D;typically >103- 104

Rinse: e Rinse: 5mL 4.5M HCl
. Alternatively: 5M NaCl in

eniits 0D O s"jui:jj‘nﬁ o7, 6MHCLto low HCLon TK201 Resin
Tr o J | Prefilter or Guard Resin for organics
removal
* Next steps:
* Upscale and stability testing
T product Integration in sequential separation
000 of Cu and Ga from Zn targets e.g.

with TBP Resin (Ga)

Cu separation from 300 mg Zn on 2 mL TK250 Resin and conversion on 2 mL TK201 Resin

TK250 Resin

| PFResin . J
TK202 Resm.

—

100%
90%

80%
Elution TK201 :

70% 5x 1 mL 0,05 M HCI

60% -eo-Co

50% *-Cu
Fe

Ga

40%

Load: 5x 1 mL 3 M HCI

Rinse TK250 : 5x 1 mL 1 M HCI
TK250 Elution / TK201 Load:

5x 1mL 6 M HCI

Rinse TK201 1: 5x 1mL 6 M HCI
Rinse TK201 2 : 5X 1 mL 4:5 M HCI

Recovery (%)

30%
20% (7 ==,

10%

0% &4 VCo o oL v v U v Lo oo oI T LT LTI =00
8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Fractions /1 ml



Lu-177/ Tb-161/35

nca Lu-177 still more frequently used but Tb-161 getting strong interest

* Part of the ‘Swiss knife of nuclear medicine’ =>Tb isotopes

Similar production for both

Source: Muller et al. 2018
doi: 10.1259/bjr.20180074

v Gd 161
3.66 m

* Irradiation of several hundreds of mg or more

Tb 149 Th 152 Tb 155 Tb 161
42m 4.2m 5.32d 6.90d
3 [v283; 3
p* @3.97 160... p2.8... E
«3.99 pr1.8 sip ... y 344; v8T7; p~0.5;0.6...
Y 796; y352; v344; 586; 105;... v 26; 49; 75...
165... 165... 411... PAfk 180, 262 e

* Upscale on-going (incl. recycling) => typically 1g

Prepacked PP columns
e 4cm x30cm (375 mL), 2.5cm x 30cm,

1.5cmx30cm & 1.1cm x 30cm

* Connection: %’ 28G, up to ~10bar

e QC/CoA per column (peak asymmetry) for TK211/2/3

* TK221 =>dry packing

army-knife-for-nuclear-medicine/

TK231-pa_y
TH221E001 10 o0 -8

Terbium: a new ‘Swiss army knife’ for nuclear medicine
Source: https://cerncourier.com/a/terbium-a-new-swiss-




¢, Lanthanide separation on TK211/2/3

&O &
/\/jA ﬁ

HDEHP (LN) HEH[EHP] (LN2)

%—>_\ Cyanex 572
M*" +3(HY), < M(HY,); +3H"
- Mixtures of different extractants

H[TMPeP] (LN3) - Modified for higher radiation stability
29



L% TK212,TK211 and TK221 Resins

Increasing demand for separation from larger Yb, Gd,... targets

Resins exposed to high radiation throughout separation process
Desire to re-use columns several times

* Improvement of radiolysis stability

Feedback from earlier project => stability against radiolysis can be

improved via:
* Use of polymer containing aromatic groups as inert support
* Addition of radical scavenger (e.g. long chained alcohols) into stationary phase
* Increased amount of extractant and nature of extractant
* EtOH in aqueous phase

Applied to TK211/2/3, TK221/2, TK102, ...

* Note: resins are more hydrophobic, require soaking in 220% EtOH for column
packing
TK211/2/3 => standard ~30pum mean particle size, upcoming: 20pm 3¢



e Sequential separations

K Am(Ill) on LN, LN2 and LN3 vs HNO, Lanthanide separations now main focus on

. 30-100 pm, 1 hr equlibration, 22(1)°C

10° 5 . TK212 and TK211.
. :::Eﬁz f * Better separation performance on-column than
lﬂiﬂ : S e N3 LN/LN2
. \!. & * Especially for Yb/Lu and other complex systems
a\ ‘:‘R k with 10 - 20% EtOH
;.Emn-‘ ‘- \ [ TK221 or DGA very useful for conversion of
* l}‘\ lanthanides from high HNO; (e.g. 3.5M HNO,)
10 ' ' }' to low acid (e.g. 0.05M) but small losses of
S Al ' AL Lu/Tb
T Y Alternative: Direct load from TK212 to TK211
10" 1




0 o On-going improvement —
amount of EtOH

Separation on 147 mL TK212

Elution 1: 48"45 mL 1.7 M HNO3/20% EtOH

-
.\-“\.'
- A
‘\.f\,vu
L L
b o

=

0PI IITYV e oo oo erorroreresssd iV

Use of 1.7/M HNO, / 20% EtOH

Better Yb removal compared to
1.25HNO,/10%EtOH

Better Yb removal also improves separation
on later columns

Higher %-age of EtOH shifts peaks to higher
elution volumes

Higher acid to lower elution volumes / gain
time

Load 1§00 mi 0.0% M W), fow raie 10 milfenin

Pimaing : 150 mik 0.05 M HO

Ehotinn 11 40°45ml 1.7 M HNO L/ 20W ErOM
Elunsn 20 6°45 mlL 3.5 M HNDD

Flowi rata of alution 15 milfmmin

Cut-off point: 94,8% Lu and 9.4% of Yb
Elgtion 2:
6*4SmL3IS M

P S & & a a B

_._,__r_!;.___,'__'______'_'_:._'.

Alternatvie cut-off

Relative recovery

ss2aassssasssd

Lu fraction

rri
=
&
—
£
2
=
o
&

P A AiZiissssesss

1000 1500

Elution volume / mL

TK212_1(150mL)-1.25M HNO, / 10% EtOH & 3.5M HNO; - 500mg Yb
(Yb:Lu - 1000:1), Loading & Elution: 15mL/min

At chosen cut-off point:
93.5 % Lu
18.7%Yb

Alternative cut-off point:
95.4 % Lu
23.1%Yb

—e—Lu

—a—Yb

9009909000090 000

2500



N On-going improvement —
¥ Particle size — 20pum vs 30um

Recovery (%)

Recovery (%)

Separation on 147 mL TK212UD _—

45% Lu
PC: 450 mL0.05 M HCI
Load : 100 mL 0.05 M HCl, flow rate 10 mL/min
40% 0.5gYband 0.2 mgLu
Rinsing : 150 mL 0.05 M HCl

vt T Elution with 1.7M HNO, /

Flow rate of elution 15 mL/min

30% Cut-off point: 97% Lt and 39‘/;0fo 20% EtOH -
25% or 247 microg Lu pndl 16 mg Yb .
20um particles

20% Elution 1: 44%45 mL 1.7 M HNO3/20% EtOH $ Eluticn 2:
ution & m- = /20% 6F45 mL 4 M HNO3

15%

10%

5% = -9 o
o : =
COE = = E B B R BB = = = e =
= = R R O O = T I T = TS = s O = . = e B B s S B — - - S B - B R i A T A -
T & M &8 4R o ® 8 3 a 82888 d88F8802dRg¢8288ad@3Iganadsgdsziiagags=gcsq
S H A AdmM®mT T I OHNOSBNRB®OBEN NS S S SN M@ @M@ A 3B FRRBaszER S sH 3 A
Fractorg = = = = = o5 & o o o = A o =5 o5 o =5 o = & & & &8 &~

Separation on 147 mL TK212

Yb
40%

PC: 450 mL 0.05 M Hcl o—lu

Elution with 1.7M HNO, /
20% EtOH -
30um particles

Elution 2: 6*45 mL 3.5 M HNO3

30% Flow rate of elution 15 mL/min

25%

Cut-off point: 90,5% Lu and 3,6% of Yb
20%

Elution 1: 48*45 mL 1.7 M HNO3/20% EtOH
15%

20pum at chosen cut-off:
97% Lu and 3% Yb

30um at chosen cut-off:
90.5% Lu and 3.6% Yb

BUT higher pressure needed

10%

8
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" Current ‘'simplified’ method for Lu separation
L e from 500 mg Yb — TK211/2 & TK221

3,5 MHNO;

Yb/Lu -500mg -
TK212/1
multi column method

-
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o
2
<
x
o )&
—
-
<
<
<
%

<

<
& o
u =
<
I T
=z =
S

P J

2

HNO,, Lu/Yb

TK221 R
TK212 R
TK221 R
M HCl, Lu/Yb
TK212 R
M
TK211R
I
2 ~
B _
& %®_g TK221 Resin .T
o
< ‘g 2mL
T =

Sequential separation step (direct load from TK212 onto TK211 for polish)
Unfortunately complete sequential TK213=>TK212=>TK211 didn’t work out
Can be upscaled (larger columns,...)

Further optimisation on-going

Upscale ongoing (now 4 — 5 g Yb)
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Relative recovery

e

' Current 500mg Yb target method

0,6

05

Relative recovery
© o
w F-Y

o
[¥]

0,1

0

0,5

0,4

0,3

0,2

0,1

TK212_1 (150 mL)- 1.25M HNO; / 10% EtOH & 3.5M HNO, - 500mg Yb
(Yb:Lu - 1000:1), Loading & Elution: 15mL/min

Alternatvie cut-off

e

500

At chosen cut-off point:
98.8% Lu
2.1% Yb

(2 2 2 2 2 5 2 99

1000

Lu fraction At chosen cut-off point:
93.5 % Lu

%_ 18.7% Yb
'g Alternative cut-off point:
ﬁ 95.4 % Lu
% 23.1%Yb
£
2
I
= —a—Lu
c% —a—Yb

izzicseeses e 28900000000 899

1500 2000 2500 3000
Elution volume / mL
TK211(29mL)- 3.5M HNO;- 0.7 mg Yb
Loading & Elution: 15mL/min
Lu fraction
—a—Lu
—a—Yb
boocae s 2 . 2 2 -
600 800 1000 1200

200

Elutionvolume / mL

Relative recovery

0,5

0,4

03

0,2

0,1

TK212_2 (53 mL)- 1.25M HNO; / 10% EtOH - 94 mg Yb

Loading & Elution: 15mL/min

At chosen cut-off point:
90.2% Lu
0.8% Yb

Alternativecut-off point:

92.2% Lu
1.6% Yb

500

Alternatvie cut-off

Lu fraction

1000 1500
Elutionvolume / mL

—a—Lu

—a—Yb

2000



® o 500 mg Yb: TK212/1 column approach

On-going work

500 mg Yb target, ~3,5 M HNO,

- H H oo, wwsm- | Jse of two 147mL TK212/1
== ST Golumns instead of 3 TK212/1
- columns+ TK221
)’ o Faster and easier to automize
ST Betteryields

oM Also applicable to 1g targets

~3,5 M HNO, ~0,05 M HCI 1,7 M HNO, Vt; recovery Alternative: TK201

(/20% EtOH) 3.5 M HNO,
Separation on 147 mL TK211
Separation on 147 mL TK212 : P
Toed 1 1005 mi L7 MHOIGS, Row e 18 mimin

32mg 1o fnd 0.2 mglu
Ehution : 48*45 mL 5 M HNO3
Flow rate b alution 15 mifmin

| ]
Cut-off point: 92,2% Lu and 7,6% of Yb = Cut-off point 93% of Lu and 0,02% of Yb
v 3 f
Elution 2 3 or 185 microg of Lu and 7 microg of Yb
Elution 1: 4845 mL 1.7 M HNO3/20% EtOH brasmL3SM k1 Elution : 4845 mL5 M HNO3 SF = 66000
HNO3
L L
L]

seeee

v seateee
seeseeetiisssererssertetstes et il eees s

The 1st step separation on 147 mL TK212



500 mg Yb target, ~3,5 M HNO,

B~

", 1000 mg Yb: TK212/1 column approach

3.5 M HNO,

0,05 M HCI

Loading: 250mL 0,05 M HCI

Ringsin: 250 mL 0,05 M HCI

3,5 M HNO, 6 M HNO; 0,05 M HCI
~
~N 3,5 M HNO,
] 1,7 M HNO, (/ 20% EtOH? > 0.1 M HNO,
N \ .
N
0,05 M HCl 3,5 M HNO,
s el a4 [vv
£
HIE K c & 3 =B 3 £
» |8 S » |o 5 » S 4]
Q | 2 Q D 3 o B & -3 -
€ |3 = € o e oc I <} - | E
- (S e ~ (Y T ~ AN z ] ~
~ |7 I - | - = T o~
o |2 s o |E = o B s =
¥ |E n X o n X NN o
F o = = © o - B
8 S 3 3 |
<\ 0,05 M Hcl
<> D — A\ Lu
waste waste Yb recovery waste
~3,5 M HNO. ~ - 3,5 M HNO; & 0,1 M HNO.
) 3 0,05 M HCl 1,7 M HNO, Vb recovery 3 3
(20% EtOH) 3,5 M HNO,
Separation on 380 mL TK212
PC: 700 mL 0,08 M HCI
Load : 250 mA 0.0 M HCL, flow rate 10 miSmn
1ig Yiand 0.8 mglu
Rinsing | 250 mi 0.05 M HEI v
Bution 1; 40° 100 mi 1.6 M HNO3/10% E1OH
Bution 21 20* 100 mi M HNOS
Faw rate of ehstion 40 mL/min
® Cut-off point 3,.8% Yb and 93.3% Lu

Elution 1: 40*100 mL 1,6 M HNO3/10% EtOH

]
Elution 2: 20|

or

W mgYband 0.449 mg Lu

100 mL 3,5 M HNO3

244 430iiiiiiii

Yb/Lu-1000mg -
TK212/1
2 column method

0,05 M HCI
_
Lu

imL

( A8 Resin .

A8 (1mL)
Trace nitrate removal
Alternative: TK201

vvvvvvv

vvvvvvvvvvvv

On-going work

Larger TK221 column (min. 110 mL)
Use of one 380 mL TK212 and one
147mL TK211 columns Faster and
easier to automize

Change of first two columns

Good separation on first column at
40mL/min

<3mg Yb/mLresin

Separation on 147 mLTK211

#c: 300 mL TS M ANOS
Lowd : 500 rfL 3.5 M HNO3
Baw rate 2q mi

Cut-off point 90.9% of Lu pind 0.1% of Yb
or 347 microg Lu and 36 ricrog Yb

Elution 1: 66*45mL 4 M HNO3

Elution 2: 12*45 mL 6 M HNO3

______




"%, Tb separation from 1000 mg Gd targets

Irradiated target typically oxide => dissolved in >3M HNO,

* For separation solution needs to be dilute acid
Conversion via TK221 Resin
Sequential separation on TK212/TK211

Final conversion to dilute HCIl on TK221 + trace nitrate removal on AIX

Mainly Tb-161, also Tb-155

Dissolved Gd target, ~3,5 M HNO, 0.5 MHNO,
3,5 M HNO,

0,05 M Hcl 0,3 M HNO, 0,5 M HNO,
0,05 M Hcl 0,5 M HNO;, l
NV
v N

e & £ c |§ 2 c
‘D o = a o o a
o S & Qo (B S Q
) S e o e [
-l (O = o~ (Y T i
o |- T - | -
N | s N | E = o~
= |E 0 X~ . ¥
Lo o o = s o [
wn o

waste waste Gd
~3,5 M HNO, ~0,05 M HCl 0,5 M HNO,

29 mL, 20-50 pm
3,5 M HNO,;, Tm

?

Gd

0,5 M HNO,

0,05 M HCI
0,1 M HNO, Gd/Tb -=2000mg-TK212/1
) 2 column method
3,5 M HNO,

| TK221 Resin
2mL

o

0,05 M HCl £ 0,05 M HCl
\ " = \
Q €
Tb ;‘o — Tb

<

N
[

A8 (1mL) 39

waste Trace nitrate removal
3,5 M HNO; & 0,1 M HNO;, Alternative: TK201



.. Tb separation from 1000 mg Gd targets

Initial separation on TK212 — 150 mL column (30cm x 2.5cm)
Allows for working with up to 2g of Gd

Gd recovery => very expensive & difficult to find

Tb separation from Gd and Dy — ideally using online detection
Fine purification on TK211 (29 mL)

TK212 (150 mL) - 1g Gd / 1mg Tb / 1 mg Dy - 15mL/min

[y

o
=}

0,3M HNO3 0,5M HNO3
(16 fractions of 45mL) (22 fractions of 45mL)

k=]
00

Suggested
Th fraction for load —e—Gd
onto TK211 Th

Dy

e @
o \.I

Relative recovery
=] =]
s 5]

Switch to 0.5M HNO3

k=]
w

=]

(L=
Suggested switch to
wastewitch to waste

o
[

[==]
]

0 200 400 600 800 1000 1200 1400 1600 1800

Elution volume / mL

Tb separation from 1000 mg Gd on TK212 (147 mL column)
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Recovery (%)

Recovery (%)

Increasing amouts of Gd

TK212E220221 (2,5*30) - 1,5g Gd / 1,5mg Tb / 1,5mg Dy

PC: 150 mL 0,05M HCl

Load : AD 100mL 0,05M HCE
Rinse : 90 mL 0,05M HOI

Elution 1: 16¥45 mL 0,3M HNO3

40%
Elution 2 : 22*45 mL 0,5 HNO3
% 2l
z £
B E ? Elution 1 : 16*45 mL 0,3M HNO3 Elution 2 : 22%45 mL 0,5M HNO3
0% o9 A
I [ \ * —e—Gd
E[E [\ \
25% § =] (.Y = —s—Tb
ol | —Dy
3| g | 1 Y
=~ /
=4 | 1.5gGd
I | \ . g |
g | | ‘
1% | | |
| I | ?
| \ |
10% | \ I |
| [ ]
| \
| \ \
5% f {
f \ El
r
» eelliesssessl b | B s
LILILE B B B B B B B LA A A B B B L B B B B B I
1l2f3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18|19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
Fractions
_ TK212E220221 (2,5*30) - 3g Gd / 3mg Tb / 3mg Dy PC + 150 mL 0,05M HCI
2o Load : AD $9mL 0,05M HCl
40% = T Rinse : 90 mL 0,05M HCI
| = Elution 1: 19¥45 mL 0,3M HNO3
= Elution 2 : 30°45 mL 0,5 HNO3
% E|o
hr
E|E
=1 [=]
&
o E{ Elution 1 : 19*45 mL0,3M HNO3 Elution 2 : 30*45 mL 0,5M HNO3
B )
|8 ' —e—&d
£l My
25% . ™
£ F 11 . Dy
o |
- 3g Gd ||
|
| f \
15% | ?"‘q\ ' \
[ ||} [ |
| \ .
10% .*\
|I | \
5% ‘II‘
5 h # i
bl g . o
0% SeEeedeeeotoCoeoeooul e it
11273 45 6 7 B 91011121314 151617 18 19 20 21122 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 48 5051
Fractions

Recovery (%)

40%

35%

30%

5%

20%

15%

10%

5%

0% '@

Rincage : 90ml 0.05M HCI

Chargement : AO 100mL 0,05M HCI

e Onthe same TK212 column
e More Gd => earlier elution
— At 3g Gd start of breakthrough
— More than 3g possible? Tb needs
to remain retained...
e Little effecton Tb
 Smallimpact on Dy
* Tb/ Dy sepration remains good.

TK212E220221 (2,5*30) - 2g Gd / 2mg Th / 2mg Dy

Elution 1 : 16*45 mL 0,3M HNO3

PC: 150 mL 0,05M HCI
Load : AQ 100mL 0,05M HCI
Rinse : 90 mL 0,05M HCl

Elution 1 ; 16%45 mL 0,3M HNO3
Elution 2 : 20%45 mL 0,5M HNO3

Elution 2 : 30*45 mL 0,5M HNO3

—e—Gd



Tb polishing on TK211

Relative recovery

TK211 - 29 mL - 500 pg each Gd, Tb, Dy - 15 mL/min

0,6
Load: Tb Elution: 0.75M HNO, Dy Elution: 1.5M HNO,
420 mL 0.5M HNO,

05 from TK212
Om

0,4 % —8— Gd
s Th
Ly
o Tb fraction Dy

0,3 —
—
a3
[
£

0,2

0,1

O /..-&-.«-O—b—’—‘o—o—o—‘\’ . )
0 200 400 600 800 1000 1200 1400

Elution volume / mL

Direct load of Tb fraction from TK212 onto TK211 (29 mL-30cm x 1.1cm)
Gd breakthrough during load & rinse with 0.5M HNO, (alternatively HCL)
Tb elution (Dy sufficiently well removed before) preferably in >3M HNO,
Conversion to dilute HCl via TK221, A8 for nitrate removal
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% On-going: Th/Dy separation

Request:

* Removal of Dy ingrown e.g. during transport

* Aim: rapid removal, no significant change of volume and acidity of Tb

* On-going work

Recovery (%)

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

Load: 0,04M HCI

Separation on 1 mL LN3S Resin

Rinse : 10 BV 0,05M HCI

6 7
Volume (BV)

o O

L ]

2o

—e—Th
Dy
Gd

20

13




Wy Tb separation from 1g Dy targets

Dissolved Dy target

3,5 M HNO, 3,5 M HNO, 3,5 M HNO, 0,05 M HCl
Dy/Th-1000 mg - TK212/1
2 column method
0,05 M HCl 0,25 M HNO, 1M HNO, 0,1 M HNO,
0,05 M HCl 0,25 M HNO, 3,5 M HNO;
d" -
p=d
I
=
wn
£ i £
s = E c g. £ c g 2 @
‘A |3 = B o & o JES b &
Q (=] Q L o Q wn @
£ ¢ — x o = o B £ ~
- | © o ~ (N T ~ B i ~
N | = e s - Qi 3 X
g |2 = B . S I 3 F)
n ~ ~ ™~ -
F |9 S = S . | g L]
- ™
o
=
I
s E ; 0,05 M Hcl £ 0,05 M HCl
[7;] -
o
<
L. A
|
waste waste Dy Dy waste ?::E:L :::r)ate removal
~3,5 M HNO ~0,05 M HCl 3,5 M HNO 3,5 M HNO
3,5 3 ,05 .S 3 > 3 3,5 M HNO;, + Alternative: TK201

0,1 M HNO,



8 TK225 Resin

TO-DGA plus ionic liquid => originally failed experiment

Very high retention of lanthanides at medium to high acid

Especially heavy lanthanides also very well retained at low acid concentrations
Main application: Removal of radiolanthanides from effluents

Dy, values TK225 - HNO D,y values TK225 - HCI

1,00E+06
" a M . 100405 |
1 I'_-Z' : _l'__1 ™ i o P Ex) s
i ] s .y 1,00E+04 - 2
» L ]

1,00E+03 a

1,00E+02

1,00E+01 -
1,00E+00

1,00E-01

1,00E-02 1,00E-02
0.01 1 1( 0,01 0,1 |
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TK221/2 Resins

. e
v ~
A

— Ac Dw values

e Ac Dw data determination on-

Weight distribution ratio of Ac on

. TK221 Resin
gOIng 10000 ® TK221 - H(
* Work with several groups - o o e
 Upcoming publication 2 100 : s
1 L]
CONFIDENTIAL i
Data courtesy of N. Vajda (RadAnal)®: . N 10 100
R ’
2 ’ 200 Data courtesy of
. . O. Lebeda (UjV Rez)
. o : ." ( . o . _cq. . '!. )

nitric acid concentration (M)

F1G. 1 The Dw values for 225Ac between TK221
and nitric acid

hydrochloric acid concentration (M)

FIG. 2 The Dw values for 22°Ac between TK221
and TK222 and hydrochloric acid



o o Ac-225 separation

. . b . Optional Rinse 2:
Two TK221 cartridges for removal of impurities incl. La o L IoM Hel
Bi removal
* |In case La can be excluded step 2 only 3, Rinses:
Rinse: Rinse 1: 5mL0.05M HNO
2 — 3
10-15mL4M HNO; 10- 15 mL6M HNO; Fe, Po removal
2 Load: 1 | 5  Acelution:
6M HNO, Y <5 mL 0.05M HCl
Load: 1 3 Acelution: '
Dissolved target 5-10mL 14M HNO,
2 -4M HNO; e
- -E
741
a
o=
—
£ N
u b4
oz -y
= -
[l
™ |
h¥d
\ l_ ]
T 1-4 | s
' Waste «— > Ac-225in0.05M HCl
. 1-2 ) (3 Ac225
Ra-226torecycling - < ’ LNs remain retained Step 2 TK221 .

Step 1 TK221:
Target dissolved in 2-4M HNO, (2M prefered

=> Ra solubility)
Ra, Ba, Pb, Sr,... removal with 4M HNO,

Ac elutionin 14M HNO; (LNs retained)

2x diluted eluate from first TK221

Rinse with 6M HNO, and opional rinses with:
10M HCL => Bi removal and

0.05M HNO, (Fe, Po removal) => can be inverted

Ac elution in 0.05M HCI



Recovery (%)

TK221 Resin —
Ac separation — step one

8
T —— -~ »In case LN need to be removed
© »Two step procedure
) ; ~. FirstAc /LN separation
; S o * Load from elevated HNO,
. //\ e + Ac elution in very high HNO,
\ " * LNs, U, Th retained
e e e + Particular attention to Pb/Sr
Separation on 2 mL TK222 D » Elution in 4M HNO,
. © o TK222
- * Load from elevated HNO,
HERE . . - Ac elution in very high HNO,
% g Cuton 1ok 1203 L, « LNs, U, Th retained
z z b - Particular attention to Pb and Sr
" g g e + Pb Elution in 4M HNO,
/—g\ - Srelution in 12M HNO,
" FEUlo o000 Ut o oo v v eooou TK221 prefered option

Fractions
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] Ac and Po behaviour - step 1

Elution of 225Ac from TK221 and TK222 cartridges (2 mL) with 14M

0 HNO3
Ac elutionin T4M HNO,
10 Similar profiles for TK221 and TK222
Requires ~20 mL
8 . . .
o Lot Ringe Ac strip: Dilution by x2 before loading onto second
5 %O 4MHNO3 14M HNO3
i o TK221 or TK222
8 —=TK-222
4
2 Po separation on 2 mLTK221 cartridge - 1st separation
0
0 5 10 15 20 25 30 35
Volume of effluent and eluent, mL
Po co-elutes with Ac :
To be considered on second TK221/2 ; I
| (]

All data courtesy of Nora Vajda (Radanal)



Recovery (%)

Recovery (%)

TK221 Resin —
O Ac separation — step two

Separation on 1 mL TK 221 PC:1mLTK221

e Second separation

Rinse 2: 5 mL 10 M HCI

Rinse 3: 5 mL 0,05 M HNO3

I:‘:ﬂ Elution : 6 mL 0.05 MHCI — T K2 2 1

4—Pb

- A : 3 Bl — Dilute x2 => load

§ % : s — Biremoval 10M HCL

2 2 : - — Feremovalin 0.05M HNO,

N f - — Ac elution in 0.05M HCl

AN | j — Important: Lanthanides need to
e e TR YTy o be removed upfront (1st TK221)

cebaration on 1 mi 1K 222 S * Alternative: TK222

:D g — Sharper Ac elution

- — No rinse with 0.05M HNO,

2 | — Onlyin case of absence of Fe

g\ : I\ oo o0 * TK221 prefered in case of

NE) 8 <. presence of Fe

oL =

10% —e—fe

Fractions



225Ac eluted, %

. % Acand Po elution - step 2

225Ac elution from TK221 and TK222 cartridges (2 mL) with 0.05M HCI
100
\ ‘ \ \

80 ‘
Loa(#: Rinse: Rinse: ‘Rinse: ‘

Ac strip:
6M 6M 10M | 0.05M 0.05M
HN(F HNO3 HCI ‘ HNO3 ‘ HCl
60 ‘
‘ ‘ ‘ 3 100%
‘ 99% —l—TK-221
40 ‘ ‘ ‘ / = TK-222

o | —

0 5 10 15 20 25 30 35
Volume of effluent and eluent, mL

All data courtesy of Nora Vajda (Radanal)

 Sharp Ac-225 elution from TK221 and TK222

* Note: 0.05M HNO, rinse only performed on
TK221 (Fe removal not possible on TK222)
so elution was performed directly after 10M
HClrinsing step => delays Ac elution.

* W/o this step Ac elution from TK222 very
sharp

Po separation on 2 mL TK221 cartridge - 2nd separation

Po remains retained on TK221, no elution



Ac elution from TK221 and TK222

Elution profile of 225Ac¢ from the TK221 resin

A tn“'

3M HNO, AM HNO, 0.05M Hdl

v [ml]

Fi6. 3 Elution profile of 225Ac loaded on the TK221 column in 3M nitric acid, rinsed with 4M nitric
acid and eluted into 0.05M hydrochloric acid

Re-salting of 225Ac from nitrate to chloride on the TK221 resin

70
60
50
a0
30
20
I
10 -i-
0 —
u 5 R R R s« B B B M B B E

0.05M HNO, 0.05MHCI

Are\ l%l

V [ml]

FiG. 5 Re-salting of 225Ac loaded on the TK221 column in 0.05M nitric acid and eluted into 0.05M
hydrochloric acid

Elution profile of 225Ac from the TK222 resin

Are\ (%)

10

R S S SRS S S Sy
RO s s

3MHNO, AM HNO; 0.05MHCI

V [mi]

FiG. 4 Elution profile of 22°Ac loaded on the TK222 column in 3M nitric acid, rinsed with 4M nitric
acid and eluted into 0.05M hydrochloric acid

Sharp Ac elution from TK221, even sharper
from TK222
‘Resalting’ from Ac nitrate to chloride form
possible on TK221 (not TK222)
* Load from 0.05M HNQO,, elution in
0.05M HCl

All data courtesy of
O. Lebeda, Rez



Ac-225 separation — Optional additional

. 0
> ° purification
Optional:
Pb removal on TK102 Optional:
Ra, Pb, Sr, Ba removal on TK101

Load: 1 > R

2x diluted Ac fraction . Rinse: .

| 5 mL6M HNO; Load: 1 2 Rinse:
1 mL 0.05M HCl

10-20 mL6M HNO;

k
<

| TK102 Resin ' |

1+2

Ac-225 in 6M HNO;

Optional Pb removal step (TK102)
Eluate of step 1 dilute by x2

Load through TK102
Pb and Sr retained, Ac passes through

Ac-225in <5 mL0.05M HCl

ke
<

| TK101Resin . [—

1+2

Ac-225in 0.05M HCI
Ra, Pb, Sr remain retained

Optional Pb, Ra, Sr,... removal step

(TK101)
Pass Ac fraction (0.05M HCI) through

TK101
Ac passes through, Ra, Pb, Sr,... retained °6



Optional: TK101 purification step

108

10°

\.\_\_\. !
L
\\ £
* . \\.. :
o - AR
oL :
10 e % A
.S AN e
\»
x. Ay,
!
100 ol
102 10 100
[HCI] M

108

10°

102

102

.10"
[HCI M

Data courtesy of B. Russel (NPL)

=
100

Optional:
Ra, Pb, Sr, Ba removal on TK101

2 Rinse:
1 mLO.05M HCI

—a—La Load: 1
Ce Ac-225in<5 mLO.0O5M HCI

—&—Eu

——Lu
——FPb
—8—Bi
——Th
—A—U
——HNp

Fu

1 Am

+

o
J TK101 Resin ._p;

1+2
.?"
" -
101 Ac-225in 0.05M HCI

Ra, Pb, Sr remain retained

Optional Pb, Bi, Ra, Sr,...
(TK101)

Pass Ac fraction (0.05M HCI) through TK101
Ac passes - Ra, Pb, Sr, Bi,... retained

removal step



» Ra purification / recycling

Needles and other Ra sources often contain Pt, Ir, Au, Ba besides Ra.
Ra generally present as RaSO,,

Suggestion: Work-up following Matyskin et al.

Destruction of the needle, generally cutting (higher losses) or
dissolution in aqua regia

Conversion of Ra(Ba)SO, via heating with Na,CO, solution

* RaCO;recovered as solid
 Soluble in dilute acid => dilute HNO; final acidity <0.1TM HNO,
* Alternative: EDTA => use of e.g. AC Resin to pull Ra out of EDTA at pH4

Ra purification on TK101/2 possible
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Requests for cartridge based separation of At from Bi targets in HNO,. Resin
approach already used by Burns et al. (3-octanone)

Eriksen et al. showed At separation from Bi possible in HNO; via LLX using
Octanol (=> TK400 Resin)

Tereshatov et al. tested several extraction chromatographic resins for At separation
from Bi incl. TK400

At elution via alcohol (removal of org. phase + At from resin)

TK400 and three additional resins currently being tested (“TK401”, “TK4027,
TK200) — standard and new support => improvements possible?

* Gagnon et al. PEG Resin (=>TK2027?) -

. . . ;gﬁ. Chemical Engineering Journal
Elution via NaOH possible? ke 6 oy s,
At still active in labelling reactions? Mechanism of astatine and bismuth

Currently shipping samples sorption on extraction »
chromatography resins from nitric

Also working on resins for Rn-211/At-211 gen. acid media

Evgeny E. Tereshatov ® & &, Jonathan D. Burns ®, Steven J. Schultz ° ©,




DGA Sheets

TO-DGA (normal DGA) and TEH-DGA (branched DGA) impregnated Whatman TLC
paper

* Developed at CVUT (Kozempel et al.)

* Now also iTLC based (iSheets)
QC of radionuclides and generator eluents

(p.ex. Ra-223, Ac-225/Bi-213, Pb-212, Ge-68/Ga-68 ...)
 TLC scanner or radiometer/LSC or HPGe after cutting
Run under acidic conditions => radionuclidic purity
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A scheme of chromatographic separaton of mixture of **’Ac and his Position (mm) Position (1)
” 5y 227 % 227 A - x .
daugrhcr s niclides. **’Th remains on start, **’Ac has the retenton factor Radiochromatogram measured immediately Radiochromatogram measured one hour afer
ca 0.2, >"'Pb ca 0.7 and **Ra ca 0.9. after separaton. Low abundant radiatons of separaton. Decay and ingrowth of *'Pb is clearly
227 Ac were not defected. visible.

More types of sheets under development (selectivities, geometry, support) g
« ZR,TK201,...

« 2D TLC for radionuclide screening ?



DGA Sheets - Ra

E IO Josd Based on publication by Abou et al.

Foita im0 SR 0 Charisli PRAE

Radio instan thin fayer chromatography (radioTLC) can b used to ssess complex formaion of Ra Free Ra vs macropa labelled Ra

isotopes with a stable ligand such as biclogically stable radiocomplex with macrepa, which can stably
chelate [***Ra]Ra** with a radiolabelling efficiency of »95%.
The complexation is carried out at room temperature in metal-free ammonium acetate buffer (0.1

M, pH 6). Aliquots from these radiolabeling reactions were collected at various time points and
analyzed by radioTLC to evaluate complex formation. . a

The TLC is performed using DGA impregnated TLC sheets (DGA Sheets) as the stationary phase and
0.1 M NaOH as the mobile phase. Under these conditions, free [**Ra]Ra® remained at the baseline
(R = 0), while the complexed species migrated with the solvent front (R = 1) [1].

Buffered solutions

Ra remains fix (R=0), labelled
compound moves (R=1)

Digital Light Jeit

30 0N

— T, Fig. 2 TLC autoradiographic readings of [FRa][Ra|macropa)] (10 mM),
ey HalH 121 M wig-alien Rl -t Erap & of [ lIFa pall | .

DOTA (10 mM) and ECTA [SmM) migrated on DEA-cogted TLC using a

Fig. 1 Formation of [***Ra][Ra|macropal] NaoH (0.1 M) mj:'h'l'e_ phase. _
under migration of [**Ra]Racl, (top) and I. [**Ra]Racl, migration (RF=0)
[F2*Ra][Ra[macropa)] {bottom) on DEA- . [*=Rra][Ra{macropa)] (RF = 1)
coated chromatographic strips. [1] Il ***Ra tentatively chelated with D:OTA showing unsuccessful

radiolabeling (5% remained unchelated)
V. =*Ra partially chelated with EDTA {65% remainad unchelated). [1]
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Fig. 3 TLC profiles of pure ¥ |pacl, and labeled macropa in PBS (left) and in human serum {right].
[**Ra]Rracl; (black trace) and [*Ra][Ra(macropa]] (blue trace) mixed in serum were poorly separated, questioning the
suitability of the DGA sheets to detect Ra decomplexation in serum. Weak ionic interactions of F=Ra]ra®™ or [**Ra)
[Rajmacropa)] with proteins may occur and result in the inability of TLC to dlearly separate each species. [1]

N. A, etal {2021). Towards the stable chelation of rodium for bomedical appi with an 15-

. Chemical Science, 12, 3733-3742

Triskem International, 3 rue des Champs Géons, 35170 BRUZ
www_iTriskem.com



Poster presented at Terachem 2022
(Svedjehed et al.)

Example 1 Example 2

QC of Cu radiolabeled peptides (labeled

iTLC-SG

vs free Cu)

+ Shown: [¢'Cu]Cu-NOTA-octreotide - - d mwmﬂw WMMMW Mt
Spotting/run on three different papers . M ) .
:,MJ _ wmm.w&.m.m...: .pWMM“‘WMMWu;

after labeling:
 Whatman and iTLC without modification and

Whatman paper

« CU extractant impregnated iTLC paper. ;«
Both iTLC paper (impregnated/non- g I I
impregnated) developed in less than = *J 1\“‘“ | TN M‘ k‘
10min, Whatmn took 25 — 30 min. s

CU extractant impregnated iTLC paper . Other systems under

showed superior resolution development/testing
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75, Some other on-going projects

* Improvement of radiolysis » Decontamination
stability  Effluents and reaction wastes

» Additional ‘Sheets’ * Other geometries

« Removal of free RN from  Fate’ of RN in the environment
reaction mixtures and bioassay

« Separation methods

* Further upscale of Mainiy | jived RN (=> th )
. . . « Mainly longer live => therapy
radiolanthanide separations « Ac-225/7, Lu-177(m), radioiodine,...

Other radiometals « Quantification
* Auger (Sb, Pd, Hg, Ag,...), Mn, V...
At separation

* Resin optimisation, Rn-211/At-211
generator,...
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