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nca Lu-177 very widely used but Th-161 getting strong interest
— Part of the ‘Swiss knife of nuclear medicine’ => Tb isotopes

Similar n.c.a. production for both
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Terbium: a new ‘Swiss army knife’ for nuclear medicine

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

— lIrradiation of several hundreds of mg or more

— Upscale on-going (incl. recycling/waste treatment) => typically > 1g

* Tb very similar to Lu chemically and with respect to half-life et al.

e Additionally emits significant number of Auger-Meitner electrons
e Availability of Gd-160 problematic




TK212, TK211 and TK221 Resins o
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* Increasing demands 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 agueous phase

* Applied to TK211/2/3, TK221/2

* Note: more resins are more hydrophobic, require soaking in 220%
EtOH for column packing



Lanthanide separation on TK211/2/3
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- Mixtures of different extractants
- Optimized for high radiation stability
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TK221 Resin
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* DGA well suited for ‘conversion’ and purification (Ca, Al, Fe,... removal)
— Convert Lu from high nitric acid to dilute HCl => feedback, quicker Lu elution desired
e TK221 Resin
— DGA / phosphine-oxide based => phosphine oxide should improve radiolysis stability
— Better La and U, Th retention than DGA
— Lu & Tb eluted in small volume in dilute HCI
— Drawback, no (group) LN separation possible!
 TK221 also used for Tb recycling
— Loading ‘Gd recycling fraction’ onto TK221
— Elution in 0.05M HCI => suitable conditions for oxalate precipitation
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Separation method
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0.5M HNO,

Dissolved Gd target, ~3.5M HNO; 0.75M HNO,
0.05M HCl 0.2M HNO, 0.5M HNO,
0.05M Hcl e ilaes
— p v N 1( r ¥ 0.05M HCl

0.1M HNO;
0.75M/3.5M HNO,

TK221 Resin

0.05M Hcl, Gd/Th
0.5M HNO4, Tb

0.75M ou 3M HNO,, Tb

0.04M Hcl Lu => A8
Trace Nitrate removal

0.75M/3M HNO,
& 0.1M HNO, =>

el To) Tl

~3.5M HNO; waste  0.05M HCl, waste 0.2M HNO;, Gd

A2\

TK221 Resin, 53 mL, 100 - 200 umn
TK212 Resin, 150mL, 20 — 50 pm
TK211 Resin, 29 mL, 20 - 50 umn

0.5M HNO;, Gd

e TK221,TK212/1 based method
* First TK221 column size depending on amount of Gd
* Forvery large Gd amounts TK212 column might need to be ajdusted, too -



Experimental S
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Work with pre-packed PP columns (PEEK also possible)
— %’’28G connectors

 FocusonTK212/TK211 TITT TYS OO

— TK212:30cm x 2.5cm column
* For lower amounts of Gd (e.g. £ 100mg) smaller
TK212 colums may be used

— TK211:30cm x 1.1cm column

— First TK221 needs to be adapted to amount of Gd

e HPLC driven separations (10 — 15 mL/min)
e Cold testing by taking fractions of defined volume

— Typically way more fractions than needed, helpful for understanding the
chromatographic separation

e |ICP-MS analysis of fractions



Sequential separation step

ISHE M
paration Chemistry

I

k' Am(TIT) on LN, LN2 and LN3 vs HNO,

' ~ 0.5M HNO 50-100 1 hr equilibration, 22(1)°C
Dissolved Gd target, ~3.5M HNO; 3 0.75M HNO, 105 pm, q .22(1)
i e e
0.05M Hcl 2MHNO, 0.5M HNO, f T
.05M HCl ROSMILNOS ﬁ\ —m—LN 7
~ .05M HCI 104 4 ' —A—[N2
X —o—LN3 B
.1M HNO; B
= 0.75MJ3.5M HNO; Y \
€ c
= g £ 1 \
o \
S = & =
=
' | 2 n = @ | B\ \
=) o B ! (0]
o ~ Om o d o
— X e N q - k' for
4 z z = 2 N > \ iy
E S s € 3 < Am(IIn) 10 = ;
fon) n ot} o = LY " LY
[Te} — © N g X
~ -~ ~ S N 1
= 1= = 3 \
é é é N Q 0.04MHCl |/ e * * &
P 1
- ~ - 9 Trace Nitrate removal 10 .
o~ — — = N X
o (o] (9] A
v 194 ~ =
= = = 0.75M/3M HNO,
&0.1M HNO, => \ \
waste 100 =~ T
| \EF S 5
\k
~3.5M HNOj; waste 0.05NI HCl, waste 0.2M HNO;, Gd 0.5M HNO, jGd 10-1
-3 -2 -1 1]
10 10 10 10

[HNO,]

* Feedback: while conversion from high acid via TK221 or DGA works well, users

frequently report losses of upto 2 - 5%
e Directly loading from TK212 onto TK211 avoids this conversion step and

associated losses. Draw back => increased pressure drop 8



Initial work: 500mg and 1000mg Gd

Relative recovery
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TK212 (150 mL) - 500 mg Gd / 500 pg Th / 500 pg Dy - 15 mL/min
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30 fractions of 45 mL 0.2M HNO3 30 fractions of 45 mL 0.5M HNO3

500 1000 1500

Elution volume / mL
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Eliminating Gd with 0.3M HNO, .
Larger amount of Gd (1g)
Less tailing £ o

o
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Clean separation

o
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= * Initial test with 500 mg Gd
R * Gd removal with 0.2M HNO,
e Strong tailing

Still very good separation

2500

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

0,3M HNO3 0,5M HNO3
(16 fractions of 45mL) (22 fractions of 45mL)
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Tb fraction for load —e—aGd
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—o—Dy

Switch to 0.5M HNO3
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wastewitch to waste
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Increased amounts of Gd
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 Tb /Dy sepration remains good. 0



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

0,6
Load: Tb Elution: 0.75M HNO, Dy Elution: 1.5MHNO,
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* Spiked solution to allow for obtaining a chromatogram

e 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 HCI)

* Feedback: Tb elution (Dy sufficiently well removed on TK212) in >3M HNO,

11
e Conversion to dilute HCl via 2 mL TK221, A8 for nitrate removal



TK225 Resin
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 TO-DGA plus ionic liquid

* High retention of light lanthanides at medium to high acid

* Heavy lanthanides also very well retained at low acid concentrations
* Main application: Removal of radiolanthanides from effluents
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On-going: Tb/Dy separation
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* Request:
— Removal of Dy ingrown e.g. during transport
— Aim: rapid removal, no significant change of volume and acidity of Tb
— On-going work

Separation on 1 mL LN3S Resin
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On-going work and next steps e
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* Further up-scale

— Same TK212 column (30cm x 2.5cm): 5g Gd,...

e Gd will increasingly breakthrough during load
* Pro:

— Gd not fully retained during loading not problematic as long as Tb
remains retained

— May allow for treating very large targets

* Contra:

— Co-elution of potentially present impurities/no purification of the Gd
(Eu...)

— Use of 4 cm x 30cm TK212 for very large amounts of Gd
* Integrate Eu removal step into TK212 separation if needed
* Er/Tm separation (currently at 1g Er)
e Further Yb/Lu Upscale

14
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Thank you for your attention!

~ ' SUBSCRIBE TO OUR NEWSLETTER

0 keep updated with our latest developments, news and
agenda for a year, subscribe to the Triskem Info here
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Tb separation from 10mg Gd
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Fig. 3 Elution profile of Gd, Th, and Dy (10 mg, 1 mg, and 1 mg respectively) TK212 (a), TK211(b) and TK221
(€). Tb containing fractions were combined for loading on the next column to simulate purfication nn.
Colurmn bed volumes were 1 mL for 2ach column during cold test but were later optimized for active runs.
Owerall process diagram (d) note steps i-v can be performed autornactically, while steps vi—viii must be
performed manually

Fig. 4 TRASIS Mini AIQ module and components set-up within hoteell (a), TRASIS layout diagram (b)

* Fully automized method (synthesizer) for Tb separation from 10mg Gd
e TK212,TK211 and TK221 based sytem .



Simplified method for Lu separation from

500 mg Yb - TK211/2 & TK221  TRisHEm

500mg Yb target, ~3.5M HNO, 3.5M HNO, 3.5M HNO,
1.25M HNO3 1.25M HNO3
0.05M Hdl /10% EtOH 0.05M Hdl / 10% EtOH
‘ 0.05M Hcl
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o & T e 8-

1.25M HNO; / 10% EtOH 1.25M HNO; (/ 10% EtOH) & 3.5M HNO,,

~3.5M HNO; waste 0.05M HCl, waste ~3.5M HNO; waste

=> Yb recovery Yb recovery

* 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 17



Lu separation form 500 mg Yb - e

T RISHKEM

Expertse in Separation Chemistry

TK212 1(150mL)-1.25M HNClgf 10% EtOH & 3.5M HNO; - 500mg Yb
(Yb:Lu - 1000:1), Loading & Elution: 15mL/min

0.6
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3 18.7 % Yb
o =
b L
o o : o~
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e Large tailing due to high Yb content => further optimisation on-going

* Improved separation through use of 1.25M HNO, / 10% EtOH (v/v)

e Higher Lu yield at similar residual Yb compared to LN2 based method

e Additional benefit from use of EtOH => improved radiolysis stability

* Online separation: switch at start of Lu fraction => ideally radiation detector driven
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TK212_2 (53 mL) - 1.25M HNO, / 10% EtOH - 94 mg Yb
Loading & Elution: 15mL/min

05 |
Lu fraction
At chosen cut-off point:
04 | 90.2% Lu
0.8% Yb o
)
= =
= Alternativecut-off point: g
g 92.2% Lu =
= 1.6% Yb c
= @
—m ﬂnlz 1 ﬁ
o = —— LU
01 |

0 500 10000 1500 2000

Elutionvolume / mL

« 2"dseparation step on smaller TK212 (53 mL) after TK221 for conversion from high
HNO, to dilute HCl on TK221

* Separation with e.g. 1.25M HNO, (with or without 10% EtOH)

e Direct loading of obtained Lu fraction onto TK211 Resin
— Alternatively TK221/TK212 according to Horwitze et al. 19



Lu separation form 500 mg Yb -
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TK211 (29 mL) - 3.5M HNO, - 0.7 mg Yb
Loading & Elution: 15mL/min

0,5 |
Lu fraction
0,4
At chosen cut-off point: —e—Lu
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= 2.1% Yb —_—Tp
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Elution volume / mL

* Lu/Ybseparation on TK211 (29 mL) => Lu fraction directly loaded onto TK211 from TK212
e Overall Lu recovery of process approx 85%

* Low remaining Yb

* Flow rates may be optimized (slower flow will improve separation but will take time)

* Final step: concentration/conversion to < 0.05M HCl on TK221, nitrate removal via A8 a0



Ongoing work — further upscale ]
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Separation of 1g Yb from Lu on 4 cm x 30 cm TK212 - 40 mL/min

Cut-off point 4,91: 3,5% ¥b {35 mg) and 93.7% Lu

&
#

Alternative:
Cut-off point: 4,00 11,6% Yb (116 mg) and 96.5% Lu

£

#
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Elution 1: 50*100 mlL 1.5 M HNO3/10% EtOH —=p

7
Loading: 250 mlL 0,05 M HO

Ringsin: 100 m

g
Elution 2: 10°100 mL 3,5 M HNO3

H

o

e 375 mLTK212 column

e 1gYb

40 mL/min flow rate

» After separation <120mg Yb left => TK221/second TK212

21
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