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Cumulative deposits of Cesium (Cs-134 and Cs-137) and
doses estimated by MEXT (5 mSv, 10 mSv, 20 mSv)
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— Context: in March 2011, the earthquake and subsequent

O tsunami resulted in severe damage of the Fukushima-Daiichi
. °/ Eﬁﬂ;.,l Nuclear Power Plant. This accident led to the release of large
. @ guantities of radioactivity, mainly the volatile fission products
" : _ such as cesium (estimated around 15 PBq of 13/Cs). The presence
has | > b of -t !

of *3/Cs in the natural environment is a radiological concern as it
causes significant external and internal radiation exposures of

living beings.
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Unique features of contamination:
= Processing volumes outsized
= Unusual substrates

| heterogeneity of contamination

v by limiting the residual waste
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Which chelating agents for cesium extraction?
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G ) 90 t/day - A . (DIAM Bouchage) 5000 t/year /\\\\//\: [‘J}o\ f.:._) o107 Lem )
Cl/OCO(HI) R n=4a8
. /Cl °
) WW Crown-Ether Calix[n]arene
TP/\\—//E“\\T = Extraction mechanism: solvatation = Extraction mechanism: solvatation
Mature tech no|ogy \\\\V// = Selectivity dependent of macrocycle size = Selectivity based on macrocycle size
— ’ — = Good extraction of cesium = Excellent extraction of cesium with
Dicarbollide = Moderate selectivity (vs Na, K) functionalised calix[4]arene
CcO : : ..
: — = Interact with M* through ion-pairing
" Easily accessible supercritical properties = Good extraction of cesium
S y = Easy tuning of solvent properties by =" Moderate selectivity (vs Na, K)
2 qui . . . . . : -
S 738l g adjusting P and T (density, viscosity, ..) Interesting alternative (¢ )
g Solide = Abundant, non toxic, non inflammable = to classic diluents used in T mis Dna D a(Cs/Na)
S : e :
i P = No solvent waste, green solvent liquid/liquid extraction Calix[4] arene dimethoxy-crown-6 3% 1073 4x 1072 \
] B Gaz = Difficult solubilisation of polar compounds Calix|[4] arene hydroxy-ethoxy-crown-6 4% 1070 42 > 4200 JE '
" pH=29] f t Calix[4] arene dipropoxy-crown-6 2x 1073 19.5 9750 g 'Q .
785 -56.4 31.1 pH = 2.2 1n presence of water B Calix[4] arene diisopropoxy-crown-6 <1073 28.5 > 28500 Cooo) Calix[n]arene
Température (°C) Calix|4] arene di-n-octyloxy-crown-6 <10~ 3 33 > 33000 S - Stable Under StrOng aCidiC,
. _ _ Calix[4] arene di-n-octyloxy-(dibenzo-crown-6) <1073 31 >31000 ) , _ o o
v’ Direct extraction of organic molecules Calix[4] arene dimethoxy-crown-7 4% 10-3 7% 1073 basic or irradiating conditions
v’ Inefficient direct extraction of metal ions =) Introduction of an organic chelating agent (extractant): Calix[4] arene bis-crown-5 2x 1073 0.4 ) = Excellent extraction of Cs
2 soluble in sc CO Calix|4] arene bis-crown-6 1.3%x 1072 195 1500 ch? = Good selectivity (vs Na)
! . 2 Calix[4] arenc bis-crown-7 <1073 0.3 - 1 = Poorl luble | co
Complexing agent = formation of a stable complex Calix[4] arenc bis-p-benzo-crown-6 <10-3 > % 10~2 N She) oorly soluble In sc LU,
Polluted soil = Efficient at pH =2.9 Calix[4] arene bis-0-benzo-crown 6 1.7x 1073 325 19000 Lo o/
. Gaseous CO, - Calix[4] arene bis-(dibenzocrown-6) <1073 23 >23000
. . .. LCalix|4] arene bisnaphthyl-crown 6 <10"3 29 5> > 29000
Extracill B The efficiency of a supercritical CO, Calix[4] axonc bisdiphonyl-crown-6 P— cwoeE NI
sCCo, metal extraction process depends on n-decylbenzo-21-crown-7 12 10‘2 0.3 250 ~ (f R (54
_ -21- -7 12x 10 03 25 0
: the extractant efficienc ueous feed solution: MNO, 5 x 10-* M; HNO, 1 M. o o)
‘]J{il]lltl‘:d-l Iﬁ]flﬂ“lﬁmm NS y / g(:ganic silu:ilon:I 1t0‘2 MNS)\(It?acstani?n 1%-:il’:lr2pliel\:ylhexylether(o/a =1;t=25°C) 3/@ —
(Dozol, J Incl Phenom Macro 2000, 38, 1-22)
4 Molecular characteristic for a « CO,-philic » function: NC First experimental results using sc CO,: )
“@gﬁﬁ%'u solubility and assays on contaminated soil
v' Weak self-interactions - E [ U= Honow
v" Specific interactions with CO, (LH, AL/BL) _ | ] I 4 Experimental device
v' High flexibility with high free volume. ' J | —3_3
t'butyl 0.62 mm0|/l_ ] ' EXTRAIT
Beckman, E. J. Chem. Comm. 2004, 17, 1885.
(CHo)3-5-(CHa) 5 150 mmol/L o0 6
Glennon, J. D. Analytical Chem. 1997, 69, 2207. (CF,);-CF; o
Determination of the chelating agent solubility : Rendement = 95,5% / Y

g

by dynamic gravimetric measurement

Chelating agent (40°C, 270 bar) 1 g )

Solvating Extraction Mechanism .
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O A L o Rob bR ] y Need of an acid counter ion wi———| P=210 bariT=s0C.
i [ e - - DB21C7 5.3+/-0.610%g/L bl | | e i Sk
. \ H>ﬁR 1 S . 4 to extract a stable complex ke e R
P i . S 4-tbu-calix[4]arene 0.7 +/-0.6 10 g/L from the solid matrix. o m m e e w w
sol - = . - " % The HOMO for the Optimized geometry of | 20 4 | .»/.‘. H:DEH[BUDP] & | CS + Ca||X + HA = CS Ca||x A = H . . .
' Polymer concentration (%) ' the CO,-methyl acetate complex . The C-H...O0 ./ ’ I-I[_-T)F.H’L_a?.T)P]Tl [ ( ) ] SC COZ process using silica as model soil
poly(propylene glycol) diol (curve 1) hydrogen bond acts cooperatively with the A e N VR . 8
poly(propylene glycol) monobutyl ether (curve 2) LA-LB interaction (CO,-carbonyl) introducing . 4 N
poly(propylene glycol) acetate (curve 3) further stabilization. % recovery of extrac;cant from glass Limitation: Weak Solubility of the extracted complex in SC COZ
each with 31 repeat units at 22°C in CO, sc. S. L. Wallen, J. Am. Chem. Soc, 2002, 124, 7274 peads at 250 ban, 60°C - £ e
T Alister, D. R. Sep. Sci. Technol.2004, 39, 761. Feasability of the process demonstrated on silica
/ k \Need of innovative cesium chelating agents optimised for the sc CO, extractlon!/ /

Objective:
DESIGN, SYNTHESIS and EVALUATION
T of new Cs-selective extractants
4T efficient in the sc CO, process

JW e by coupling the results obtained in SX experiments for the
’ extraction of cesium with sc CO, process requirements.

CO,-philic

. x ( Chelating + Acid
w t agent counter ion

v’ Synthesis of new extracting agents combining the
efficiency of Cs chelating agents with CO,-philic
functions

v Liquid/Liquid extraction test using 13’Cs to

validate the affinity and selectivity for Cs

v" Solubility experiments in sc CO,

v Tests on contaminated solid matrixes

_ -~ First optimised extractants synthesised gave promising results in
\ Experiment the sc CO, process
Xperiments <

Parallel synthesis

Overview of
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