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Summary. An intercomparison campaign was organized at
the beginning of the European FP6 EUROPART Integrated
Project, among the partners involved in the assessment of
the extracting properties of novel ligands, in order to check
their accuracy and reliability when determining metal cation
distribution ratios. Three different extracting systems, present-
ing various selectivity and affinity towards trivalent actinides
were selected: (i) CMPO, (ii) TPTZ and (iii) BTP. Although
some differences could be pointed out in the implementation
of liquid-liquid extraction tests, the distribution ratios meas-
ured by the nine partners were fairly reproducible (< 20%
deviation) for the first two extracting systems. However, large
discrepancies occurred when testing the third extracting sys-
tem, due to its strong hydrolytic instability, thus pointing out
the difficulty of assessing extraction properties of instable
ligands.

Introduction

EUROPART [1], an Integrated Project from the 6th Euro-
pean Framework Program (2004-2007), was devoted to the
development of hydrometallurgical and pyrometallurgical
processes for the partitioning of actinides. Among the vari-
ous Tasks related to hydrometallurgical processes (in Work
Packages 1 to 4), Task 3 aimed at assessing the extracting
properties of newly synthesized ligands, through series of
liquid-liquid extraction tests performed in micro-tubes on
surrogate aqueous feeds spiked with radiotracers. Thus, the
results obtained in Task 3 (mainly distribution ratios) were
crucial for the outcome of new ligands designed as potential
candidates for process development.
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Since several partners of the EUROPART consortium
were involved in the screening activities (Task 3), it ap-
peared sensed, and preferable for the sake of the project
(mutual confidence between organic synthesizers and screen-
ers), to organise an intercomparison campaign among ex-
traction property assessors. The objective of this campaign
was to check the partners’ accuracy when determining metal
cation distribution ratios and thus to challenge their reli-
ability when assessing the extraction properties of novel
ligands. Three different extracting systems, known for their
ability to extract trivalent actinides more or less selectively
were selected for this intercomparison campaign: (i) CMPO,
(if) TPTZ and (iii) BTP.

Herein are reported the results of this intercomparison
campaign carried out in 2004 among 9 EUROPARTnNers
(CEA, France, Chalmers Technological University, Swe-
den, CIEMAT, Spain, FZK-INE and FZJ, Germany, ICHTJ,
Poland, NRI, Czech Republic, POLIMI, Italy, and Univer-
sity of Liege, Belgium), able to handle radioactive materials.
It is the first ever reported international campaign comparing
the ability to determine distribution ratios.

Preparation of theintercomparison campaign

The three extracting systems chosen for the intercomparison
campaign are detailed hereafter:

1. Solvent No. 1, based on CMPO and TBP (Fig. 1), used in
the well known TRUEX process [2] co-extracting triva-
lent lanthanides and actinides;

2. Solvent No. 2, a trisynergistic mixture based on TPTZ
(a nitrogen tridentate ligand), DMDBTDMA (a mal-
onamide used as a modifier) and «-cyano-capric acid
(Fig. 2), which extracts trivalent actinides selectively
through a proton exchange mechanism [3];

3. Solvent No. 3, a binary mixture consisting of iso-propyl-
BTP (a nitrogen tridentate ligand) and DMDOHEMA
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Fig. 1. Extraction system No. 1.
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Fig. 2. Extraction system No. 2.

(a malonamide used as a phase transfer catalyst) (Fig. 3),
which was developed as the SANEX solvent in
PARTNEW [4] (previous FP5 Integrated Project) and is
expected to show fairly high selectivity towards An(ll11).

The compositions of these three solvents were chosen as
follows:

1. Solvent No. 1: [CMPQO] = 0.1 mol/L + [TBP] =1 mol/L
in TPH;

2. Solvent No. 2: [TPTZ] = 0.1 mol/L + [Ha-cyanocapric]
= 1mol/L + [DMDBTDMA] = 1 mol/L in TPH;

3. Solvent No. 3: [iPr-BTP] = 0.01 mol/L +
[DMDOHEMA] = 0.5 mol/L in n-octanol.

CMPO was provided by Xymax Company (Boca Ra-
ton, Florida, US), «-cyanocapric acid, DMDBTDMA and
DMDOHEMA were synthesized by Pharmasynthése Lab-
oratory (Paris, France), TBP and TPTZ were purchased
from Aldrich and TPH from Novasep Company (Pompey,
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Fig. 3. Extraction system No. 3.

France), i Pr-BTP was synthesized at CEA-Marcoule [5]. All
these reagents were used without further purification.

50 mL of each three solvents were prepared at CEA-
Marcoule and samples of approximately 5mL were sent to
the different EUROPARTNers involved in the intercompar-
ison campaign with some recommendations on the experi-
mental conditions to follow when performing the extraction
tests: the nitric acid concentrations proposed for the different
aqueous feeds (spiked with *2Eu(lI11) and 2*Am(lll) to sim-
ulate the chemical behaviours of trivalent lanthanides and
actinides respectively), were chosen according to the extrac-
tion efficiency of each of these three solvents:

1. [HNO;s]i,i = 1 and 2 mol/L for solvent No. 1;
2. [HNO:s]ini = 0.1 and 0.15 mol/L for solvent No. 2;
3. [HNO:s]ini = 1 mol/L for solvent No. 3.

It was recommended to pre-equilibrate solvents No. 1
and No. 3 with nitric acid solutions of the same concen-
tration as the corresponding spiked feeds, using a phase
volume ratio of 3 (V,q/Vog). It was also recommended
to perform the liquid-liquid extraction experiments with
a phase volume ratio of 1 and to mix the two phases in
contact for at least 60 min (to insure equilibrium state) at
25 °C (if monitoring the temperature while mixing was pos-
sible). Though, no indication was given to the partners
about potential instability of the tested solvents vs. acidic
hydrolysis.

Resultsand discussions

Amongst the 9 EUROPARTners involved in this campaign,
some differences could be pointed out as regard the experi-
mental setups used to carry out the liquid-liquid extrac-
tion tests, as well as the procedures followed when pre-
equilibrating the solvents with nitric acid or when perform-
ing the extraction tests. These differences mainly concerned:

— The materials of the micro-tubes: glass or plastic;

— The volumes of the aqueous and organic phases;

— The shaking mode of the micro-tubes: automatic vortex
device or hand shaking;
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Fig.4. Results of the intercomparative campaign on solvent No. 1
(CMPO/TBP).

Tablel. Mean values observed for solvent No. 1 (CMPO/TBP).

[HNO3]mean DEu DAm S':Am/Eu
(mol/L)

0.99 2.55+0.31 3.54+0.46 1.39+£0.03
1.88 2.61+£0.33 3.67+£0.49 1.41+£0.03
2.01 3.24£0.39 4.74+£0.58 1.46+£0.05

(see Fig. 4 for experimental conditions)

— The spectrometers employed to determine the gamma ra-
dioactivity of the samples;

— The mixing time and the number of contacts when pre-
equilibrating the solvents;

— The ageing of the pre-equilibrated solvents before per-
forming the tests;

— The temperature monitoring during the tests;

— The number of test replicates.

Not all the partners measured the initial activity of the
feeds, to check the mass balances of the tracers after extrac-
tion. Not all the partners were able (or took care) to measure
the acidity of the aqueous solutions initially (after spiking
with 52Eu(111) and >* Am(I11)) or after their contacts with the
organic solvents. In the latter cases, the acidities were as-
sumed to be those expected for the feeds, prior to extraction.

The aim of the intercomparison campaign being to check
each partner’s accuracy when determining a metal cation
distribution ratio and not to rank its skills among a team
of ligand assessors, the results will refer to numbers (ran-
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Fig.5. Results of the intercomparative campaign on solvent No.2
(TPTZ/DMDBTDMA/CNCOOH).
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Fig. 6. Results of the intercomparative campaign on solvent No. 3 (iPr-
BTP/DMDOHEMA).

mol/L +

domly selected for each three extraction systems), so that the
partners’ identities will remain anonymous. Hereafter are
discussed the results of this campaign, system by system.
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Solvent No. 1: the*CMPO/TBP” mixture

Fig. 4 displays the extraction data measured experimentally
by the nine EUROPARTNers, involved in the intercompari-
son campaign, with the “CMPO/TBP” mixture. This extrac-
tion system is well known for its affinity for trivalent 4 f
and 5f elements. However, it is also well known that its
extraction efficiency directly depends on the concentration
of nitrate anions, and thus that of nitric acid, at equilib-
rium [6]. Table 2 (see experimental annex) shows that the
acidities of the aqueous solutions differed from one partner
to the other. It was therefore not possible to compare the ex-
perimental data altogether, and only those corresponding to
similar values of [HNO;]., were used for intercomparison.
Three average values were considered for [HNO,].,: 1, 1.9
and 2 mol/L.

As shown in Table 1, around 13% deviation and less than
4% deviation were respectively observed for the distribution
ratios of 2Eu(I11) and 2*Am(111), and for the separation fac-
tors (SFam/es). Taking into account the differences encoun-
tered when implementing the liquid-liquid extraction tests
in micro-tubes by the nine EUROPARTNers, the discrepan-
cies observed among experimental data are relatively small
for this system, and prove the partners’ reliability when de-
termining distribution ratios.

Solvent No. 2: the“*TPTZ/DMDBTDMA/
CNCOOH” mixture

The second system studied is known for the dependency
of its extraction efficiency on the acidity of the aqueous
phase, because of the proton exchange mechanism involved

Table2. Results of the intercomparative campaign on solvent No.1 (CMPO/TBP). Organic solutions:
[CMPQO]Jii = 0.1 mol/L + [TBP]ii = 1 mol/L in TPH. Aqueous solutions: *2Eu(I11) and 2*Am(llI) at trace

level in HNO;.

Partner No. 1 2

Preequilib. No Yes Yes

Vorg = Vg 700 L 500 L

Temperature 25+0.5°C 25°C

[HNO;]ini (M) 123 2.28 1.05 2.03 1.03 2.04
[HNO;]e (M) 098 1.85 1.00 2.05 1.01 099 1.02 2.04 2.06 2.10
Dey 2.6 31 2.4 2.9 2.6 2.6 2.7 34 3.3 3.3
Dam 3.7 4.3 3.3 4.1 3.6 3.7 3.9 5.0 4.8 5.0
SFam/eu 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 15 15
Partner No. 3 4

Preequilib. Yes Yes

Vorg = Vg 1000 L 800 L

Temperature 25°C 23°C

[HNO;]ini (M) 1.015 2.00 0.96 194
[HNO;]eq (M) 1.00 1.01 198 1.99 093 094 0.92 187 1.90 1.90
Dey 25 2.6 3.0 3.1 2.1 2.1 2.0 2.3 2.6 25
Dam 3.4 3.6 4.3 4.4 2.8 2.8 2.7 3.2 35 3.6
SFam/eu 1.3 1.4 1.4 1.4 1.3 1.3 1.3 1.4 1.4 1.4
Partner No. 5 6

Preequilib. Yes Yes

Vorg = Vig 500 L 500 uL

Temperature 22°C 22°C

[HNO;]ini (M) 1.01 2.07 ? ?
[HNO;],q (M) 1.01 100 100 202 200 203 09 096 097 195 195 194
Dey 2.3 2.4 26 29 2.9 31 27 2.7 27 33 3.3 3.3
Dam 3.2 3.3 36 41 4.0 47 38 3.8 38 438 4.8 4.8
SFam/eu 1.3 14 14 14 14 15 14 14 14 15 15 15
Partner No. 7 8 9

Preequilib. Yes Yes ?

Vorg = Vg 500 pL 1500 L 500 puL

Temperature ? 25°C 25°C

[HNO;]ini (M) ? ? 1.00 2.03 ? ?
[HNO;]e (M) 12 22 12 22 12 22

Dk, 3.3 44 22 22 27 27 29 29 29 34 35 3.6
Dam 45 6.3 32 32 41 43 40 4.0 41 54 5.0 5.4
SFam/eu 14 14 14 14 15 16 14 1.4 14 16 14 15

a: concentration assumed.
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Table3. Results of the intercomparative campaign on solvent No.2 (TPTZ/DMDBTDMA/CNCOOH). Org.
solutions: [TPTZ];s = 0.1mol/L + [Ha-cyanocapric]iy = 1 mol/L + [DMDBTDMA];,; = 1 mol/L in TPH.
Aqueous solutions: *2Eu(l11) and #*Am(I11) at trace level in HNO;.

Partner No. 1 2

Vorg = Vaq 700 uL 500 pL

Temperature 254+0.5°C 25°C

[HNO;]ini (M) 0.15 0.16 0.105 0.154
[HNO;]eq (M) 011 017 0.14 0.15 012 011 o011 0.15 0.15 0.15
Dey 2.6 0.9 1.2 0.9 2.4 2.3 2.3 1.2 1.1 11
Dam 314 8.9 12.7 9.5 256 249 247 120 117 10.8
SFam/eu 119 100 10.2 104 108 109 110 10.2 10.2 9.6
Partner No. 4 S

Vorg = Vaq 1000 pnL 500 pL

Temperature 25°C 22°C

[HNO;]ini (M) 0.105 0.151 ? ?
[HNOs]eq (M) 0.10 0.10 0.15 0.15 0.09 0.09 0.09 0.13 0.13 0.13
Dy 2.5 2.6 11 11 2.8 29 2.9 1.3 1.3 1.3
Dam 29.7 273 11.2 109 322 337 332 13.8 141 14.6
SFam/eu 11.8 107 10.3 10.0 116 115 114 10.8 108 10.9
Partner No. 3 6

Vorg = Vg 800 uL 500 L
Temperature 23°C 22°C
[HNO;]ini (M) 0.110 0.170 0.101 0.153
[HNO;]eq (M) 0.10 0.10 0.11 0.16 0.16 0.16 0.13 0.18 0.17
Dg, 23 2.3 2.3 0.9 0.9 0.9 2.0 1.0 1.0
Dam 25.1 23.7 23.7 9.2 9.4 8.8 21.7 10.3 9.5
SFam/Eu 11.0 10.5 10.3 10.0 10.4 10.0 10.9 10.2 9.9
Partner No. 7 8

Vorg = Viq 500 pL 1500 L

Temperature ? 25°C

[HNO;]ini (M) ? ? 0.103 0.158

[HNO;]eq (M) 0.12 0.152 0.10 0.15 0.16

Dey 2.9 1.2 2.2 0.9 1.0

Dam 239 10.9 24.7 11.1 114

SFam/eu 8.4 8.9 113 12.4 12.0

a: concentration assumed.

in the extraction of trivalent 4 f and 5f elements. The latter
metal cations usually require the exchange of three protons,
while being extracted by lipophilic carboxylic acids, such as
a-Cyanocapric acid.

Though, the presence in the extracting mixture of the
malonamide DMDBTDMA, which can act as a solvating
agent, especially at higher nitrate (nitric acid) concen-
trations, might favour the formation of mixed “«-cyano-
caprate/nitrate” complexes, therefore reducing the number
of protons exchanged and thus the steepness of the slope
observed, as suggested on Fig. 5: only two protons seem
to be exchanged during the extraction of trivalent 4f and
5f elements by this ternary synergistic mixture. Thus, one
nitrate anion might also be involved.

Based on the results collected in Table 3 (see experimen-
tal annex), an approx. 20% deviation was observed among
the Dan and Dg, values. This deviation is higher than the
one observed for the first extracting system, but remains
fairly appreciable, taking into account the differences in
liquid-liquid extraction test implementation among the eight
partners.

The selectivity of TPTZ based systems towards trivalent
5f elements is expected to average 10: the mean SFan/e,
value observed in this campaign is 10.6, with an 8% devi-
ation. These figures prove the reliability of the data deter-
mined experimentally by the EUROPARTners involved in
this intercomparison campaign.

Solvent No. 3: the“iPr-BTP/DMDOHEMA” mixture

Solvent No. 3 is based on a bis-triazine-pyridine well known
for its high selectivity towards Am(IIl), usually exceeding
100 (SFam/es). However, this nitrogen heterocyclic ligand
is also known for its weak stability vs. acidic hydrolysis,
which can severely ruin its extraction efficiency and selectiv-
ity within a few hours.

In almost all cases reported in Table 4 (see experimen-
tal annex), the solvent samples have been pre-equilibrated
(several times) with molar nitric acid prior to the extrac-
tion of the radiotracers. However, no recommendations had
been given to the EUROPARTRers as regard solvent protec-
tion against acidic hydrolysis. Thus, some solvent samples
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Table4. Results of the intercomparative campaign on solvent No. 3 (iPr-BTP/DMDOHEMA). Organic solutions: [iPr-BTP];; = 0.01mol/L +
[DMDOHEMA];, = 0.5mol/L in n-octanol. Aqueous solutions: **?Eu(I11) and **Am(111) at trace level in HNO;.

Partner No. 1 2 3

Preequilib. Yes Yes Yes

Vorg = Vg 700 L 500 L 800 L

Temperature 25+0.5°C 25°C 23°C

[HNO;]ini (M) 1.05 1.03 0.96

[HNO;]eq (M) 1.00 1.04 1.05 1.04 0.92 0.93 0.93
Dey 1.1x10! 1.0x107* 1.0x10! 1.1x10 9.0x10% 89x102% 9.0x107?
Dam 10.4 10.0 9.5 9.7 9.1 8.7 9.0
SFam/eu 91 95 91 91 101 98 99
Partner No. 4 5 6

Preequilib. Yes Yes Yes

Vorg = Vg 500 L 500 L 1000 L
Temperature 23°C 22°C 25°C

[HNO;]ini (M) 1.01 ? 1.02

[HNO;]q (M) 1.01 1.00 1.01 0.97 0.97 0.98 1.00 1.00

Dey 9.1x10% 89x102 95x1072 6.0x10% 6.2x102 6.0x1072 1.1x10! 1.1x 10"
Dam 10.0 10.1 9.8 3.7 3.8 3.7 0.8 0.8
SFam/Eu 109 113 103 61 61 62 7 7

Partner No. 7 8 9

Preequilib. Yes Yes ?

Vorg = Vg 500 L 1500 L 500 L

Temperature ? 25°C 25°C

[HNOs]ini (M) 1 1.00

[HNO;]eq (M) 12 1.00 1.00 1.00 1.00
Dey 9.0 x 1072 8.9 x 1072 9.1x 1072 6.5x10% 6.6x102 6.0x 1072
Dan 4.2 ) 4.4 21 34 2.6
SFam/eu 46 50 49 33 52 43

a: concentration assumed.

have inevitably been hydrolysed during the too long pre-
equilibration times or during their resting, between their acid
pre-equilibration and the extraction of the radiotracers. This
explains the large discrepancies observed on Fig. 6 for Day,
and SFam/ey, Which should reach the values of 10 and 100,
respectively.

The intercomparison of the experimental results refer-
ring to solvent No. 3 shows that the EUROPARTNers’ re-
producibility when determining distribution ratios strongly
depends on the protocol followed when assessing the ex-
traction properties of instable ligands. It points out the dif-
ficulties of handling novel ligands of unknown stability vs.
hydrolysis, which might degrade before having been prop-
erly assessed.

Conclusion

Although different experimental protocols were followed
by the nine EUROPARTNers, different setups and materi-
als were employed for the liquid-liquid extraction tests in
micro-tubes, fairly good reproducibility was observed for
the distribution ratios of ™2Eu(lIl) and 2*Am(lIl) (< 20%
deviation), when implementing the CMPO and TPTZ based
extracting systems. However, large discrepancies occurred
when testing the BTP based extracting system, due to its
strong hydrolytic instability, thus pointing out the diffi-
culty of assessing extraction properties of instable ligands.

This international intercomparison campaign was the first of
a kind in Europe and eased the comparison of all the extrac-
tion data acquired in the different laboratories all through the
project.
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