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TrisKkem International

Based in Rennes (France) ~ e

Y

Independent company since 02/07

* Formerly part of Eichrom Europe
e 1SO 9001 since 2007

Sales into >70 countries
Staff : 21

R&D, QC and TechSupport group:
3 RadChem PhD, 2 OrgChem PhD, 1 Engineer and 3 Technicians

R&D: Development of new resins, techniques and applications
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TrisKkem International

» Production and trade of selective resins and accessories
» Mainly extraction chromatographic resins
» PAN embedded inorganic compounds
» Functionalized polymers and silicates
» Analytical and chelating ion exchange resins

» Distribution & commercial agent (mainly Europe):

» LSC cocktails et al. (Meridian) P MERIDIAN sorecocnoses o
» New: Radioactive standards (NPL) — i
» Raddec Pyrolyser (H-3 & C-14) o a0 .
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RADDEC
> PEEK columns RADDEC/

» ICP & AAS standards (Labkings)
» Accessories (Zr crucibles, empty columns & cartridges, funnels,

RADIOACTIVE STANDARD SOLUTIONS

vacuum boxes,...)



R&D TrisKkem International

* Two R&D labs: . S
S . . 5 A WN"JK/O\)LN F
— Synthesis Lab (new resins and extractants) support= " R R
* Incl. grafted resins (silica or polymers), macrocycles,... Xy
— Application Lab VS VAEA [€\° 0}1
* Preparation of extraction chromatographic resins & - 'O
* Resin characterisation and method development W
O/x Ri R, R;

* Equipment:

— ICP-MS, IC, TOC, TGA, IR, automatic desiccator, benchtop
NMR (43 MHz), surface area and pore size volume
analyser, size and shape analyser, pycnometer

— Production and packing lab with four 20L reactors

* No handling of radioactivity/access to real samples

=> R&D cooperation

— Resin and method development “cold” => R&D partner
— NPL, GAU, AWE, RadAnal, NLs,...




Applications in Decomissioning R
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* Analytical applications

* Wide range of matrices e
— Decommissioning samples (concrete, steel,...), waste monitoring, bioassay,
environmental monitoring,...

e ..and analytes
— Actinides, fission and activation products,...
* Focus on DTMs & rapid methods
— CLResin (CI-36/1-129), TK100 (Sr in agueous samples and Sr-90 by ICP-MS),
TK400 (PA, Mo/Nb removal for Zr-93), TBP Resin (Sn-121m/6), CS Resins,
TEVA, UTEVA, TRU, DGA (actinides), NI Resin (Ni-63), SR Resin (5r-89/90), ...

e Decontamination

* Treatment of effluents / liquid wastes / environmental waters
— Removal of radioactive contaminants & heavy metals
— Inorganic compounds embedded into PAN matrix
» Currently CS Resins, more under development
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* News/updates
— TK200 (TOPO based, actinides in water samples...)
— TK201 (Tc-99)

* Upcoming/beta testing
— TK TcScint (impregnated plastic scintillation beads for Tc-99)
— TK202 (Tc-99 from alkaline samples)
— TK300 (Cs-135/7)
— TK211/2/3 (lanthanide separation)
* Inthe pipeline
— Production upscale/range of new PAN Resins
— SE Resin (Se-79)
— Extractive membrane filters



TK200 Resin

| Pu elution condition: 8.5M HCI | e R IR o e
* Based on TOPO  S—. ”
{Ee-owofuwp] |
5 o ]l &
* Extracts U, Th, Pu at pH 2 i Pe——
] foruvy)y =T ¢ ] -
— Preconcentration and purification o B E Exiractant of TH200 resin: TOPO
. . 4 P t - -
of selected actinides on same column 10y Bt sqparation 2| oFw=t2x 10t
. . ]  efficiency between B -
— Rapid screening of water samples 1071 UandPu S Ll
. . 3 ¢ ) 3 L
— Automized separations/ICP-MS - it 1 =
— (Sequential) U/Th/Pu separation from  {yeiosie ssopion, 3 5 2| DFW)>75x 107
10° e .....!., — § § Two cartridges
water samples PR P 2| |2
Molarity of HCI I 1
* High U retention et Wang et al. 2019

— Pu isotope ratios by ICP-MS (U removal e.g. Wang et al, 2 x TK200 => Df >107)

* Other applications:
— On-going: Pt/Ir, Zn/Cu (Zn production, Zn removal), Sc separation,...
— Ga-68 production (in combination with ZR Resin)



Actinides on TK200 — HNO,

(all data N. Vajda et al)
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Dw of U(VI) and Th on TK200, mL/g
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Actinides on TK200 — HCI

(all data N. Vajda et al)

T RISHKEM

Expertise in Separation Chemistry

Dw of U(VI) and Th on TK200, mL/g

3000
2500 Pad
/ — 60000 /
2000 50000 /
/ 40000
1500 /
/ ——U Dw 30000
1000 —=—Th Dw 20000 /
500 10000 —— ~
0 B—=m ! | 0
0 2 4 6 8 10 2 4 6 8 10
HCI concentration, M HCl concentration, M
Dw of Np(IV) on TK200, mL/g Dw of Am on TK200, mL/g
100000
90000 » 0,45
80000 pdl
7
70000 0,35
60000 e
7
50000 0.25
40000 i ’
/
30000 015
20000 e '
10000 // 005
0 o + ! L
-10000 © 2 4 6 8 10 | 005 i -

HCI concentration, M

2 4 6 8 10

HCl concentration, M 3




. . . . o
Actinides on TK200 — Application L TRISHEM

Elution of Th from 1g TK200 resin cartridge Elution of Pu from 1g TK200 resin cartridge
120,0 40,0 Elution of Pu from 1g TK200 resin cartridge ’ ’ |
100,0 load: 900 mL tap Th strip: H ) - ga ;tl\rlig:
- water/ 0.1M HNO, AMHC o 300 ..
2 800 Th strip: (I Th strip:
= 0.1M e AM HCI
[«}) (3]
£ 600 NH,HC,0, g “o0 = FIER
G B 15,0 (see
2 400 ° .
10,0 load: 900 mL tap window)
200 50 water/ 0.1M HNO,
0,0 —o—o—o—o—o—o—o—o——bitf 0,0
0 200 400 600 800 1000 0 200 400 600 800 1000 1200
Volume, mL Volume, mL
Elution of U from 1g TK200 resin cartridge Am strip:
s 3M HNO,
-y | Th strip: e Currently under improvement
’ load: 900 mL tap 4M HCI . )
120 water/ 0.1M HNO, Pu strip: with RadAnal (Nora Vajda et al.)
2 100 . 4M HCI/KI . . 0
3 U strip: * Aim, direct load of actinides
& 0.1M . 1ie
% 60 R S from acidified water
= | <D acip: * Sequential separation
2,0 . 0.1M
0.0 HCI/HF
0 200 400 600 800 1000 U1l strigs
Volume, mL 0.1M 0
Na,CO,
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e Tertiary amine based resin

— Weaker anion exchanger compared to TEVA R1 R2
— Elution under softer conditions \'l'\' /
* >2M HNO; or 20.5M NH,OH
— Main application Tc-99
— New D, and elution data by NPL R3
— Other applications:

e Cu separation (Cu-64 from solid Ni-64 targets)
* U/Pu separation?



TK201 — Dw data Tc/Re
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100405 TK201
105 | |
1 00E+08 Mo -=Tc +—Ru * Re/Tc uptake between
T pH <2 and ~2M HCI
10 Van Es et al. . .
100E+03 * Tcretention higher than Re
:zz > Chemical yield via Re...
:"0“"2 m! s o * Tcshows higher retention in HCI
= S i e B than in HNO,
‘ on i * Low selectivity for Ruin HNO,
1.00€+00 s 1 10’/\ * Low retention of Mo in HNO; at >
o \H 0.5M
1,00E-01 ! \ * High Tc selectivity over Mo at >
1 0.7M HNO,
R 010 100 1000 * Clean Mo separation
Concentration [HCI] en mol/L
161{)'2 10 100 101

Dw of Tc on TK201 in HNO3 and HCl, mL/g

[HNO,] M
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100000 %‘L“ - Re/Mo separation - TK201 Resin
10000 —i ¥ Rimgae 1000 1 il BLTM KND3
o ?
1000 §|
'--‘-——__ - = = Th
100 —y 5 wm X
4 2 a Biution: §0x 1 erl 8. M NHEOH -
. -
10 E T
= —
1 - 3 e o
a a5 1 15 2 2.5 ::
Molarity of acid, M .

Vajda et al. ——TcowinHnos mijs  —s=Te Dw inHEl ml/e s T 7 17T TTT TR TN
Welurres [BV]




TK201 — Dw data actinides
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1,E+05
1,E+04
*
1,E+03 *
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o p4 s
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Concentration [HNO;] in mol/L

LNp
® Ra
* Am
+ Pu
mU
®Th

*  Pu well retained at elevated HNO,

* Thfairly well retained

Expertise in Separation Chemistry

1,E+05
1,E+04 I‘.
]
[ ] . L]
- »
1,E+03 ¢ ANp
3 . . . ® Ra
[a) +* A ¢ Am
* ap
1,E+02 + Pu
-
L < - e A ml
A A * * Th
1,E+01 & &
1,E+00
0,01 0,1 1 10

Concentration [HCI] in mol/L

High U and Pu uptake at high HCI
Np retention good-ish at high HCI
Elution at low HCI



DGA Sheets
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* Originally: 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 after cutting
* More types of sheets upcoming (selectivities/extractants)
e 2D TLC under development => use in screening/ decommissioning
— Quadratic sheet, two runs (90° turn in-between) with different acids => 2D pattern

— Measurement e.g. with Ai4r Beaver system (high res o/p discrimination counting)
or autoradiography

e LT T———— e —
25 .n
il 300 f‘\ Start Front
200 ! E ] | r
E | = | E ] [ r
- | \ 3 C [ ¥
=LA i © o0
E| | E 100 - T o -
s || E 11 ¥ F
o E \"::';AJ M/ \ F : Wpc /'\V'J \K B
Lo e e wm W e TIh wAc WPb ®Ra
Position (mm) Position (nn) 2 > 7
P " P R - Lo Yaitn afer Asdlerrtequlwnxtogmph«iseparaton qu”mxxm:eof”’Acandhts
e ke » Decay and ingrowth of *1Pb is clearly daugther s niclides. **”Th remains on start, **’Ac has the retenton factor

27 A¢ were not detected. visible. ca 0.2, *"'Pb ca 0.7 and mRﬂ ca 0.9.




TK201 Resin — Elution

Load of sample at pH 1-2 to fix Re & Tc

Mo elution at 0.7M HNO,

Interferences removed during load/rinse

Preferable elution options: > 0.5M NH,OH

Other options under evaluation: TK200, TK202, TK201/TBP

Elution Study (TK201) t=s pmomse L% NPLE

istry  Mational Physical Laboratory

Wash: 5mL0.01 M HNO
0.5 M N H4O H EI?JTion: 20nr:1L 05M NH4OSH
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Proposed Method

TK201

Load in 10 mL 0.01 M HNO,

Wash with 5 mL 0.01 M HNO,

Wash with 20 mL 0.7 M HNO,

Elution? 1 M/ 2 M HNO, or NH,OH

I 2%

B ] 1%



TK TcScint

* Impregnated Scintillating Resin (PSm)
» Plastic scintillator beads impregnated

with selective extractants
— Developped by Uni Barcelona
— Direct measurement of cartridges
— No elution/addition of LSC Cocktails

e « TK EIScint » range of products

— Environmental monitoring => Tc-99
— Tc-99 Detection efficiency >85%

T RISHKEM
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Classical Approach: Resin + LS New Approach: PSresin
e el e B
Y
IcP Counting
vial
Eluted
solution
Radionuciide s ||
solution cocktail
icP
e First: « TK TcScint » => Aliquat336 (+ long-chained alcohol) impregnated
Fig. 1 Openview automated (b) p— —

— Load/Rinse like TEVA Resins
— Chemical yield via Re/ICP-MS

* Final beta testing after upscale
— Please indicate if interested

* Additional resins upcoming

modular separation system

(OPENVIEW-AMSS) (a) and
scheme of separation (b)

3)2mL*3
1)2mL

HCI0AM HF0.AM  Water
HNO, 0.1M

eeeeeeeeee

Scintillation
Measurement

Coma et al.



TK202 Resin P
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* PEG covalently bound onto polymer
* Tc retention from high NaOH (5M NaOH)

* Tc Elution with water
— Allows for additional purif on AlOx (trace Mo)

80
of Mo [mg)

e Original application: Separation of Tc from  sessmmmmms s sonmone o monn

Cieszykowska et al.
elevated amounts of Mo
— Tc retention increased by Mo

TK202 Resin

— Tests at Polatom with simulated Mo targets ﬂ e
* Poster presented at ISTR2019 (Vienna, 28/10/19 —01/11/19) (\ Flian 28V 218V O
* Tcrecovery >90% for 6 — 8g Mo per g of TK202 ™

 Tcrecovery > 80% for 12g Mo per g of TK202
* Looking for beta testers: Tc in decomissioning

samples after alkaline fusion :J k }

—e—Mo

——Tc

S o

=

;m —e—Re
40

&

0 5 10 15 20 25
Volume (BV)



TK300 — Cs and Rb separation o
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Calixarene based resin for Cs and Rb separation

» Applications:
e (Cs-135/7 by ICP-MS from water, environmental or decommisioning samples
* Sr/Rb dating in geochemistry

TK300 Group 1 and 2 NPLE
National Physical Laboratory
Group 1 and 2 Group 1 and 2
10 105
104 104
.
T~
e b Na
103 \ —=—Rb 103 —=—Rb
- \" \ 4 Cs o —4—Cs
14 X
——Ci —e—Ca
102 \ —a—Sr 102 ol
—e-B —e—Ba
—=—Ra
—=—R
101 10!
10 . 8w W R 10&1 : N\ .'h‘"
102 10 10° 10 102 10 10° 10
[HCI M [HNO,] M

* High Cs retention up to 1 or 2M HNO3, elution in higher acid
* Rb well retained but less than Cs => Cs/Rb separation possible



TK300 other elements

10

Transition Metals

104

10°

Kq

102

10%

10%
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—e—Mo
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Transition Metals

105
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100
102

—-—Zr
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®—Mo
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Iy 105,

National Physical Laboratory

Very little retention of other elements

Lanthanide and Actinides (+ Bi and Pb)

10 10° 10°
[HNO,] M

103

Kq

102

101
L

TrisKkem Internat
10%
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10 100
[HCII M

—8—|a

—&—Eu
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—a—U
—e—Np
Pu
Am

Kq

Lanthanides and Actinides (+ Bi and Pb)
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103 —e—Yb
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—e—Bi
102 —a—Th
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—e—Np
—=—Pu
Am

101

20,
102 100 100 107
[HNO,] M



Recovery (%)

Elution study, Cs and Rb separation from selected elements on TK300 resin, loading from dilute acid.

Recovery (%)

Elution study, Cs and Rb separation from selected elements on TK300 resin, loading from 1M HNO3

120%

100%

BO%

6%

A0k

2%

0%

Sample loadng:

0.01MHKNO3

Sample loading:

1M HNO3

Rince 1: 5x1 BV 0.01MHNO3

-
s

Cs/Rb separation on 1 mL TK300 Resin

Eltion: Sx1 BV 8M HNO3

Rince 1: $x1 BV 1M MNO3 \

e 1:5x MNO! N
e oS00l 4—v— L—@
0 n ” 1 1 s

7 Volue (8Y)

Cs/Rb separation on 1 mL TK300 Resin

Rince: 10 x 1 BY 1M HNO3 Elution: 10x 1 BV 1M HNO3

P S S S —

w W YW e e @ w WU e @ v w e @

56 7 & 9 1 11 13 14 15 16 17 18 19 20 21
olumie (B

9 -

16

22
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z " T ‘;.,
Elution Study (TK300) o nt oo o--%... NPLE
Wash: 5mL 1 MHNO, Expertiun 1 Separation Crernistry Natianal Physical Laberatary
Elution: 20mL 8 MHNO,

— 7

ENa MRb MCs MCa mSr MRa

oF trnsd
i = E

®
R -
8
Bxra ® Eﬁé
~ag 8
. 28 2 5 o2 i -
L [F] w1 w2 w3 wa E1l E2 E3 E4 Total
Van Es et al.

First round of beta-testing on-going

K interference => problematic for
some environmental samples

Suitable for Decommissioning
samples?

Might need to increase capacity
Currently under evaluation

20



 Lanthanide separation
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« TK211/2/3
— Based on LN/LN2 and LN3 extractants
— On-bead mix of different extractants for improved selectivity

— 15 pm resin beads for improved lanthanide separation (10 um also possible)
* Narrower peaks for better separation
* PEEK column/pump driven separation

N f grade LN Resin . TK211 (15 pm) Lu/Yb separation
- - Comparison (run
= N under identical, non-
- optimum conditions):
. TK211 (2RPM 0,5M HNO3)
. —
. Gd, Tb, Dy separation
o 21




PAN based resins
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 Knowledge transfer from CVUT (Prague)
* Already providing AMP-PAN, KNiFC-PAN (both Cs) and MnO,-PAN (Ra)
mainly for analytical purpose
— Typical example: determination of Cs-134/7 in 100L seawater samples
* Increasing demand for larger amounts for decontamination
— Decontamination of effluents => radionuclides, heavy metals, pollutants...

* PAN based resins
— High content of inorganic compounds (up to ~85%)

— Mechanical stability
— Control of particle diameter
— High porosity/active surface => fast kinetics

100 000,00

10000,00

1 000,00

Park et al.

0 20 a0 60 20 77
Time (min) / HNO3 pH=2 Time (min) / HNO3 2M



PAN based resins
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e Platform technology

— Control/choice of wide range of selectivities

— Variety of inorganic compounds embedded in organic matrix

— Choice of polymer depending on matrix pH (e.g. highly alkaline)

— AMP & KNiFC for Cs, SbO for Sr/Y, TiO for actinides, Sr and activation products, FeO for
Se, SnO, or CeO, for Ge, ZrP for Sr et al., NaBiO; for Am/Cm separation, MnO, for Ra,...

100 000,00 100 000,00

10 000,00 10 000,00

1 000,00 1 000,00

AMP-PAN selectivity in
various concentrations

100,00
z
(=]

100,00

=
a

—
10,00 10,00 —

of HNO,/HCI
1,00 1,00
1
0,10 010 ——
0,01 0,01 | | |
0,01 0,10 1,00 10,00 0,01 0,10 1,00 10,00

Concentration [HCI] en mol/L Concentration [H NOS]'en mol/L

e Upscale for large scale production under development
— 100s of kg to tons per year

— Various PAN Resins
73



 Other developments

* SE Resin
— Se(lV) retention from HCI
— Piazselenol chemistry

— Se(VI) elution under oxidizing
conditions

e Extractive membranes
— High flow (up to 50 - 100 mL/min)

— Preferably for use with water
samples (1 —5L)
— Product range under development:

TK201 (Tc)

TK2100 (Sr), TK101 (Pb, Ra)
TK200 (actinides)

TK300 (Cs)

AC (gross alpha),...

ecovery (%)

g ¥ 8 8§ & 8 838 § 8 §

Load: 2M HCl

7e
o\
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SE Resin - PT - 11119

Rinse: 5 x 1 BV 2M HCI

Elution:
5x 1BV 0.1M NaOH/0.1M H202

8 9 10 1

® Volumé (BY)

24
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Some other on-going projects/interests 1 e
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* Improved Ni separation * Improvement of radiolysis
e Rapid tests => e.g. Uni stability
Southampton * Spin coating
* DGT/passive sampling * Microfluidics
* Cs, I, Pu, Ra, Sr, Pb * Non-resin separation systems...
* Functionalised polymers &  New accessories e.g. new 4
silicates,... position box, gauge,..

* e.g. DGA, macrocycles,...

* Use of DGA Sheets for screening
— 2D TLC + autoradiography/imaging

— Development of other sheets
(TK201, CU, UTEVA,...)

* Li Resin

2a
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Thank you for your attention!

ot .. SUBSCRIBE TO OUR NEWSLETTER

To keep updated with our latest developments, news and agenda for a
year, subscribe to the TrisKkem Infos here
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