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European Research Programmes

* From early 1990s on...
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European Commission

FP4 1994-1998

C. Madic et al. (eight partners)
NEWPART (New partitioning techniques for minor actinides) e et

Contract FI141-CT-96-0010, 01/05/1996—-30/04/1999
Final report EUR 19149 (2000).

New partitioning techniques
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J. F. Dozol et al.,
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Final report EUR 19605 (2000). Macrocycles
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NEWPART — Brea

 DIAMEX
« DMDOHEMA introduced
« Current reference diamide ™,
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« SANEX - s
 “New extractants”
» Extraction from > 0.5 mol/L HNO4

« Selectivity for Am(lll) and Cm(lIl)
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Cl
=
R N N N R P/SH ,CsH17
= | N = N O:P_CBH17
S \
R \N/N N\\N R CgH,-
Cl

kthrough

SOLVENT EXTRACTION AND ION EXCHANGE, 17(1), 23-32 (1999)

SELECTIVE EXTRACTION OF Am(III) OVER Eu(IIl) BY
2,6-DITRIAZOLYL- AND 2,6-DITRIAZINYLPYRIDINES'

Zdenek Kolarik’, Udo Miillich’ and Franz Gassner’"

Institut fiir Nukleare Entsorgungstechnik” and Institut fiir Technische Chemie™",
Forschungszentrum Karlsruhe, P. O. Box 3640, 76021 Karlsruhe, Germany

ABSTRACT

2,6-Di(5-alkyl-1,2,4-triazol-3-yl)-pyridine and 2,6-di(5,6-dialkyl-1,2,4-triazin-
3-yl)pyridine type compounds extract Am(III) 2-bromohexanoate and nitrate from
acidic solutions (<1 M HNO;) with an appreciable efficiency and selectivity, yield-
ing Am(IIT)/Eu(lII) separation factors of <150.

INTRODUCTION

Separation of actinides from high-level radioactive wastes and their subsequent
transmutation to short-lived radionuclides can largely facilitate nuclear waste man-
agement. A partitioning process for actinide separation, most appropriately based
on solvent extraction, must include the separation of Am and Cm from fission
lanthanides. Selective extraction of the small mass of Am(ITI) and Cm(III) over the
60 times larger mass of lanthanides(I]I) is the most efficient mode of the operation.
It is highly preferable to apply extractants soluble in essentially paraffinic diluents
that are able to extract the transplutonides(IIl) from acidic solutions, containing
>0.05 M nitric acid. The necessary selectivity for Am(III) and Cm(III) can be at-
tained by using extractants that bind the extracted ions through “soft-donor®, i. e.
nitrogen or sulfur, atoms. Our work is concentrated on N-donor extractants, which
promise a higher chemical stability than sulfur compounds.

' Work performed within the E Commission’s

P

safety, shared cost action, contract No. FI41-CT96-0010.

h programme on nuclear fisson

23

Copyright © 1999 by Marcel Dekker, Inc. www.dekker.com

05/1996 — 04/1999

SOLVENT EXTRACTION AND ION EXCHANGE, 17(1), 33-53 (1999)

SYNERGISTIC SELECTIVE EXTRACTION OF ACTINIDES(III) OVER
LANTHANIDES FROM NITRIC ACID USING NEW AROMATIC
DIORGANYLDITHIOPHOSPHINIC ACIDS AND NEUTRAL
ORGANOPHOSPHORUS COMPOUNDS

Giuseppe Modolo *, Reinhard Odoj
Institut fiir Sicherheitsforschung und Reaktortechnik,
Forschungszentrum Jillich GmbH, D-52425 Jilich, Germany

ABSTRACT

New aromatic dithiophosphinic acids (R,PSSH) with R = CgHs-, CICsHa-,
FCsHs-and CH3CgHs- were synthesized, characterized and tested as potential
separating agents for trivalent actinides over lanthanides. The extraction of
Am(III), Eu(IIl) and other lanthanides was carried out from nitric acid medium
with mixtures of R,PSSHs and neutral organophosphorus compounds. There was
no detectable extraction when R;PSSHs were used alone as extractants for either
Am(II) or Eu(IIl) (Damge < 10") under the experimental conditions used in this
study. High separation factors (Dam/Dgy > 20) with Day > 1 were achieved in the
nitric acid range 0.1 - 1 mol/L by means of a synergistic mixture of bis(chloro-
phenyl)dithiophosphinic acid + tributylphosphate (TBP), trioctylphosphine oxide
(TOPO) or tributylphosphine oxide (TBPO). The high radiation resistance (up to
10° Gy absorbed y-doses) of the extractants was also demonstrated.

*C ding author: telephone: 49-2461-614896, fax: 49-2461-612450,
E-mail: g. modolo@fz-juelich.de
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I P! . CEA-R-6066 @ ISSN 0429 - 3460
COMMISSARIAT A L'’ENERGIE ATOMIQUE

PARTNEW
NOUVEAUX PRODEDES D’EXTRACTION PAR
SOLVANT POUR LES ACTINIDES MINEURS
- RAPPORT FINAL -

C. Madic et al. (eleven partners)

PARTNEW

(Nouveaux procédés d’extraction par solvant pour les actinides mineurs)
Contract FIKW-CT200-00087, 01/09/2000-31/08/2003

Final report CEA-R-6066 (2004).

par
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Contract FIKW-CT-2000-00049, 01/09/2000-31/08/2003

F. Arnaud-Neu et al.,
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09/2000 — 08/2003

PARTNEW — Evolution

* DIAMEX

 From HAR to HAC — towards a more compact plant
* Hot demonstration @ ITU

- SANEX SaY
+ Kolarik's BTP unstable T
 CyMe,-BTBP developed @ Reading, UK t%ﬁﬂ N\Nﬁ
« Current reference molecule R

o Am(IN/[Cm(lIl) + Ln(lIl)] separation ©
. LUCA system & test @ Jillich Q

Cl




01/2004 — 06/2007

FPR TaZacdiel

European research programme for the partitioning of minor actinides

* Integrated project, merging former
- PARTNEW

- PYROREP
- CALIXPART \\

« 20 partners
* Hydrometallurgy
* Pyrometallurgy
« Co-conversion
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01/2004 — 06/2007

ElroRan

Znem — Dissipation

European research programme for the partitioning of minor actinides

EUROPEAN
COMMISSION

* > 100 new molecules
» “pre-organisation”
 “bigger is better” — but wasn’t

EUROPART

Q (Contract Number: FI6W-CT-2003-508 854)

FINAL ACTIVITY REPORT

Authors : Clément Hill, Francoise Arnaud-Neu, Amparo Glez Espartero, Jean-Francois Desreux,
n Giuseppe Modolo, Stéphane Bourg, Rikard Malmbeck, Concha Caravaca, Mike Harrison,
R2 Giorgio De Angelis, Jan Uhlir, Noél Ouvrier and Charles Madic
R1
\

Reporting period: 01/01/04 — 30/06/07

Date of issue of this report: 10/08/07— Rev. 1: 30/11/2007

Start date of project : 01/01/04
Project Coordinator: Charles Madic

Project Coordinator Organisation: CEA

Duration: 42 Months

Revision: 1

Project co-funded by the European Commission under the Euratom Research and Training Programme on
Nuclear Energy within the Sixth Framework Programme (2002-2006)
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03/2008 — 09/2012

FP7

Actinide recycling by separation and transmutation

SEPT

innovative solutions
for sustainable nuclear energy

Welcome on the ACSEPT Website
Latest News

ACSEPT is an R&D project funded by the seventh Framework Program (FP7) of the

ommission (Euratom - Fission). It was officially launched on March 1st, 2008
ear period. Through this website, you will be able to learn more about the
ied out in the Project, mainly focused on the Actinide chemistry dedicated
treatment. You will also be informed of public events related to our fields

ions or if you need more information, do not hesitate to contact us.
Events

News - UK-NFC Conference, Manchester, UK, 23-25 APril 2012

Head-end steps

Dissolution of different fuel types assessed
Conceptual studies + experimental work

News - PuFutures, Cambridge, UK, 15-20 July 2012

Lt
f

mzw
E

News - Atalante 2012 including the second ACSEPT International Workshop, ‘§

car  SNE-TP
Montpellier, France, 3-7 September 2012 w ;, chnology
click here
o I . ACTINET 5
project is now in its last year! Most of o bJu:Tvce are lr:ndy reached with the
d Ipm:m and the ho tnﬂ demonstr f n of SANEX nd ive SANEX f The last
s the 1 of a GANEX flowsheet, to be performed by end of June 2012, Hopefully, all
. " " the devi Iprn nts r.arred f within ACSEPT will be highlighted dur ng the cxf ATALANTE 2012
Options for exhaustive electrolysis and e o T Tt ey ey o g
proces" sessiol ffh C nference

Stephane Bourg, Coordinator. EURATOM

actinide back-extraction from aluminium
Options for salt purification and waste conditioning

=V I e2012

TA LANTE Le Co?t?l?]terl\jl.lcgftrpzlzerzogvzﬁnce -

m

www.acsept.eu

Hydrometallurgy

34 partners




03/2008 — 09/2012

FP7 RCSEPT — Refocus .. ..

, innovative solutions
 for sustainable nuclear energy H17C/ W}AOW C H 17

Actinide recycling by separation and transmutation

 Hydrometallurgy 2o
=~ 140 new molecules synthesised and screened wl NN
« Small molecules, based on proven cores NN N\/_\
« Best candidate ligand families considered as identified " N
* Four reference flow-sheets developed in ACSEPT SO,Na SO,Na
) riﬁ:\\::;( homogeneous ‘ Ol O
- recycling 2NN |
* 1c-SANEX SN Ny
- EURO-GANEX O O
. SO,Na SO,N
* 3 hot tests, 1 spiked 2 )
HLOH
HO\/\N/\/N - |
0 ;\ HO™ NSNS on
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03/2013 — 02/2016

Safety of actinide
separation processes

News & Events Library Related links Work with us

Safety of actinide separation processes &< SACSESS report now available for download

The technological mapping report released by SACSESS in 2015 is now available online.

It provides an overview of the different actinide separation processes used in the partitioning and
transmutation (P&T) of nuclear waste and compares them, including their status and their main

* Four Domains - SRl
Hydrometallurgy i
Pyrometal I u rgy Word from the Latest news

Coordinator

Global safety and system studies U e [
Management, T&E

Download report (PDF)

“Working with Plutonium” successfully
ended on 8 May 2015. This event was a
joint effort between the SACSESS,
ASGARD and CINCH-II FP7 EURATOM
projects and took place from 4 to 8 May.

"From 22 to 24 April Workshop, Warsaw, Poland

# 16-18 Sep 2014
2nd Half Year Meeting (HYM2)
in Goteborg, Sweden,
Read more > including PCC meeting
Look back at First SACSESS International Workshop

26 April 2015 This workshop was held in Warsaw from 22-24 2 PY
April 2015 and covered the following topics: 320 Aug 22 Sep 2016

Qth Intarnatinnal Panfaranna

* Reference SX systems (from ACSEPT)
No new molecules
Consolidate
Study safety
Increase TRL

www.sacsess.eu

« 26 partners
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03/2013 — 02/2016

FP7 sqcsess — Safety First!

Safety of actinide E U RO'GAN EX

separation processes DMDOHEMA 0.5M + T R U

Safety of actinide separation processes ©
An EXTRACTION SCRUBBING

TPH
1
HNO;
‘ @ 0.5M

- Reference flow-sheets £l e
* To be optimised towards
e S afety - Ln SCRUBBING 7 An STRIPPING = 1fn STRIPPIN(: 6 B

! ] | —
 TRL ©) I )
BTP 0.054M AP3 Glycolic acid 0.1M
AHA 1M Ln FP pH 4

HNO; 0.5M
(OO

HNO,3 BTP 0.11M
1M AHA 2M

12 13 16
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o Q
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| e | [ o, | Extraction Scrubbing J L
| HNO, 5M oxal. 0.5M | ¥
Q=30 mL/h HEDTA 0.13M ] :1:'11
“m
1 HNO, M
. Ln
Ln Scrubbing { .Y A Cm
1 L L Re-Extrachion Am Stripping l
@ ' rY - )
DTPA 0.01M
Maloni id 1M m
B TPAEN
r pH 2.22 4| pH1

i-SANEX s EURO-EXAM

DTPA

Am(IIl), Cm(llly 88| "% Am(lll)
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03/2013 — 02/2016

/ Safety of actinide

~ separation processes

FP7 sfcsess — Safety First!

Safety of actinide separation processes

« Malop studies : :
NAYADE facility

- Stability studies 7 =3 CIEMAT
» Chemical stability -
- Radiation stability

Fresh samples i
' ' . |
¥ E ¥
Irradiated samples 2 kGy. | Irradiation loop |
[ﬁ: . At ")|NL |
@ENERGY scsess collaboration




Safety of actinide
separation processes

Safety of actinide separation processes

« How to continue?

Status I 4/4 4/6 1/3 3/8 2/6 0/5s 0/5 0/1 1/4 0/1 0/1
'y
Steps or
studies
needed
A _—
i v
[} 9 o, a - = - ] c 9 ]
& S g =3 g8 853 ¥ g8 33._ 3 -
o o & € 35 S o - 7} 35 c
Type of p 2 g s 2 £¢ E£38 5 E33 zB3 £7% 53
studies or = > e 2z 2w £Eh 9 5@ gat o5% AF En
[n] & = - = 5 2 i 3.2 209e¢ ES9 g3 3 9
steps z z S &3 B3 £ c ol Ecz 5= ° £S e E
=4 [} 3 o = o o
s g = e SAEN VAT 8 8 FE§ =5 §
E-] —
v

C——
EURO-GANEX in a lab

EURO-GANEX in a pilot facility
Figure 16: Review on the EURO-GANEX process (LGl, 2015)

03/2013 — 02/2016

Nuclear Science \
2018

State-of-the-Art Report
on the Progress of Nuclear
Fuel Cycle Chemistry

ROADMAP

Actinide separation processes 2015

@)) OECD

BETTER POLICIES FOR BETTER LIVES
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GENIORS

GEN IV integrated oxide fuels recycling strategies

FAIRFUELS

Knowledge in
extraction
chemistry

Knowledge in
degradation
chemistry

Knowledge in
S/Linterface
chemistry

HORIZ ipl2020

Optimized
Euro-Exam

Optimized
Euro-Ganex
Optimized

I-SANEX

Dissolution

process 1

Dissolution

process 2

Conversion

process 2

Global
Flowsheet 1

Flowsheet 3

Global
Flowsheet 4

06/2017 — 05/2021

OUR
AMBITION

GENIORS
SELECTED
SCIENCE BASED
STRATEGIES
for Pu multi recycling
and minor actinide
recycling of oxide fuels
in GEN IV fast reactors
in order to save the
uranium resource and
minimize the volume
and radiotoxicity of
the final nuclear waste
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06/2017 — 05/2021

GEN |0ns THE PROJECT v CONTEXT v NEWS & EVENTS v RESULTS RESOURCES PARTNER AREA

GENIOR

GEN IV integrated oxide fuels recycling strategies

 Four Domains — only hydrometallurgy SPENT NUCLEARFUEL //il" >
- Basic research

* Process development
« System integration GENIORS
GEN IV integrated oxide fuels recycling strategies

Management, T&E

ling strategies to be implemented in the 4th
eration by 2030. Through sound research
and an innovative approach, ected to provide the EU with science-
based strategies for nuclear fi contribute significantly to its energy
independence. In the longer its will facilitate radioactive waste
management by reducing its ity, and support a more efficient
utilisation of natural resource:

N R
) \\
Process AN _
\ | ‘\: - .

Optimisation

and testing ‘ \ L\ www.geniors.eu

Process and
Flowsheet
modelling &
safety Global
Safety

nuclear fuel and future mul
generation of reactors expec

focuses on improving current recycling of spent g

* Focus on
« Safe operation
* Integration
« TRL improvement

Fuel Cycle
Integration

A 2P 7777

Z

Dissolution,
Conversion
and interface

with S

e

« 24 partners

TR haNEaT Rk

‘\ Process Dvt Integration

Domain 1 Domain 2 Domain 3
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GENIORS — |nte

GEN IV integrated oxide fuels recycling strategies

« Consolidated suite of flow-sheets

» Heterogeneous recycling
 Homogeneous recycling

« Safe and stable operation
» Reliable models
« Equilibrium
* Process
Radiolysis & degradation products
* mimicking process environment
Solvent clean-up
Gas (H,) generation
Safety review

gration

06/2017 — 05/2021

START

= Assessment Identification Reaction
rocess .
/ plant of normal of a possible under VES
operation failure control?
NO
Change
Reaction Technical and/or
NO under Assessment organisational
control? measures
YES
Identification NO
of further Documentation END
failures?

YES




06/2017 — 05/2021

GENIORS — |ntegration

GEN IV integrated oxide fuels recycling strategies

* TRL improvement * Integration
« Comparing process options « Putting together the pieces
* Impact studies - Dissolution
- EURO-GANEX plant concept design * Separation

* Process mapping studies * Conversion

- “Sim plant” — engineering simulation  DOE collab
« Exchange with INSPYRE

H2020 Definition PaTapplication o Closing the fuel cycle

‘ﬁ}il‘i) Actual system proven in operational environment Industrial process

’ Proof of performance TRL 8 System complete and qualified Pilot scale

TRL 7 System prototype demonstration in operational environment Engineering scale

IRI6: Technology demonstrated in relevant environment Hot tested with larger scale
’ Proof of principle IRDS Technology validated in relevant environment Hot tested

TR Technology validated in lab Cold Tested

Til 2 Experimental proof of concept Modelled
\ Proof of concept TR 2 Technology concept formulated Demonstrated

THL L Basic principles observed Idea

21

Figure 3: TRL Scale (LGI, 2014)



01/2012 — 12/2015

Il =31 I3l Il eyl el
FP7 & iARSHGHARRYDS

Advanced fuels for Generation IV reactors:
reprocessing and dissolution

* New reactor concepts, novel fuels and their
reprocessing
« Studied in several European countries
« However, by different scientific communities
* Weak interaction

* |rradiation — separation: ‘ @ ®

Separation Conversion
ASGARD closes the cycle s = _—
* Fabrication and dissolution Oxides  Nitrides Carbides ASGARD
. Separation Wikl el WP 4.1 Dissolution Fabrication
+ MgO matrix WP22 | wWP32 WP42|

Irradiation

* Mo matrix ‘ M '

22




Conclusions

» Continuous line of European Programmes
 Since early 1990’s
« Constant progress
« Initially focussing on chemistry (“better” extractants...)
« Reference systems identified
- Safety
* Integration
« TRL
« Towards industrialisation

* Not only science & technology has evolved...
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