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Nuclear Fuel Cycle Environment
. , Plutonium ions \}

v, .. ¢ u

N

Strong Interaction e | ooy,

R
Phosphate species 6;;7‘ '\"% -
Apatite and other 0"10;“ -r:%z:\:nry

primary minerals

v High amount of phosphates (degradation of
rocks minerals, fertilizer...)

Fall out of nuclear testing

Nuclear power plants accidents

v' PUREX / separation with TBP
v' H;PO, is the last degradation product of TBP

AN

Modeling of Pu behavior in presence of phosphate species
requires fundamental data on Pu-phosphate interaction

IAEA., Introduction to the Nuclear Fuel Cycle (2010)
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Laboratoire d Physique pH 4 Dissociation of H;PO,
Pk =1268 [——————- HPO,*~ & PO,*>” + H?
v' Three principal species
Range pH| " " [T HoPO,” & HPO?™ + H* ]
L _ v Well known chemistry
Plg = 212 | H3P04(—)H2P04 +H+ L
Speciation of H;PO, in solution
100 - O
!
80+ P'“'“ @ Stl"Oﬂg Interactions
% 60- O/ ' with Mn*
:f %01 O
20 -
0 Protons can be removed leading to

the formation anionic species

Gouveia D. S., Materials Science Forum (2006), 530, 593-598
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Th|Pa| U |i Pu| m|Cm Cf|Es 1No |
*‘é-'é:“'" mem | e | sascen e el -
. 4
Plutonium

Rich and complex chemistry

Plutonium can exist in several oxidation states leading to different behavior and a large

variety of chemical form Jq ial lal 4
i1l ﬁ%(lé)' 'Puil\(a 'Pu:(g‘ pu;V‘IE‘;

2+ , i
; | [N | @ | Vi
Oxidation state +11 +1V +V +V| 'i}, T
Chemical form Pu*  Pu*  PuO,* PuO,?
Effective charge on An +3 +4 +2.3 +3.2 Reactivity : Pu** >> PuO,2* = Pu3* >> PuO,*

Clark D. L., Los Alamos Science (2000), 26, 364-381
MoskalevalL. V. et. al., Physical Chemistry Chemical Physics (2006), 8, 3767-3773
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Aim of the stu

Development of protocols for Pu ions to study the
Interaction with phosphates

« The chemistry of plutonium is complex (several oxidation states SIMULTANEOUSLY)
« Limited amount available in academic laboratory (2 mg 23°Pu in glove box)

v' Cations with similar chemical behaviour

\

Use of ANALOGUES for each Pu oxidation state

Plutonium Pu3* Pu4 PuO,* PuO,?*

v No interference due to redox properties Analogue Eu**  Th*  NpO,"  UO*

Nd3*

10/05/2021
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Determination thermodynamic data

Solid

« Synthesis and characterization of rhabdophane
Analogue of Pu(lll)

Aqueous solution

« Ultra-trace scale(C,, ~ 10-1°M)
Analogues of Pu(lll) and Pu(lV)

Liquid-liquid extraction for 52Eu(lll) and 22’Th(IV) NdPO, | yRD and TGA

EUg01Ndg ¢oPO,
(152EU/EU) 03;Ndj gPO,

« Macro-concentration (~103M)
Analogues of Pu(V) and Pu(VI)
UV-Vis spectrophotometry for NpO,*and UO,?*

* Solubility as a function of time
Monitored by y spectrometry for 1>2Eu(lll)

\/

Stability constants Solubility products
M +nL ML B, = [ML,] MyX,(s) & yM**(aq) + zX”~ (aq)
e M "= ML Kyp = [MZ*]7[X717

10/05/2021
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UV-Vis spectrophotometry

.Pr|n0|ple '

'UV-Vls spectrocopy works on the basis of the absorption phenomenon of light and the amount ofl
l_absorbed light is directly proportional to the amount of the analyte present in a sample solution. |

Collimator Wavelength Selector Detector o e
(Lens) (Slit) (Photocell) .07 1 ’

4 )

I It I -

. .
——3.93x10™

Absorbance (A.U.)

Digital Display
Light source Monochromator Sample or Meter 00 = — = .
(Prism or Grating) SOlution \ ) 360 380 400 420 440 460 480

Wavelength (nm)

(in Cuvette)
400 nm-780 nm Uranium UV-Vis absorption spectra

To determine the stability constants, the ligand concentration is increased in actinide solutions

Akash M. S. H., et. al., (2020) Essentials of Pharmaceutical Analysis , pp 29-56
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i A [ Use of U(VI) as analogue of Pu(VI) ]

Stability constant determinated by

UV-Vis spectrophotometry HypSpec software

16 - _IU().ZP 1 1 1
U(VI)-H;PO, 144 ——UO,H,PO,’
absorption spectra 2] ——UO,(H,PO,),
12 4
R [U]=7x103 mol L* s 0]
- I=1 mol L' in HCIO, 9 6]
< g
N—" g i
© Qo ]
£ T=20, 30, 40 and T 4l
3
2 50°C S
< 5]
0 - T T T T T T
360 380 400 420 440 460 480
Wavelength (nm)
360 380 400 420 440 460 480 0
Wwavelength (nrm) Formation of complex;s 1:1 and 1:2
1

- » . UO%t + PO3™ + 2H' © UO,H,PO}
Determination of stability constants at different

temperatures and thermodynamic parameters B
P ynamie p U0+ + 2P03~ + 4H* 3 U0,(H,P0,)

10/05/2021



.® | FACULTE

‘.b) Cuob Interaction of F unversite | s LA GbE"

Iréne Joliot-Curie
i A [ Use of U(VI) as analogue of Pu(VI) ]
I nﬂ uence Of the tem pe ratu re Distribution diagram for the aqueous species
" ! . ! . . . . in the system U(VI)-H;PO,-H,0
a1l 100 — . ' . L
Stability constants 0] W | Uo, \
of U(VI)-H;PO, at w0 %
1 M HCIO, cwl 1 -
- g | Logp 8 N
OECD/NEA- g i
Thermodynamic 201 g 7
data base . Exothermic UO,(H,PO,),
0.0081 ' 0.0032 ' 00033 ' 0.0034 ] o UO,(H,PO 4)2+ \
Thermodynamic parameters ol 0-#
0.0 0.5 1.0 15 2.0
U0,H,PO;  UO0,(H,PO,), PH
AH (kJ mol?) -3245 -58+11 » No dgta First results were presented in 50t JDA-2021, March 22-25
AS () mol K1) 285+20 579+37 selected in TDB Writting paper in progress

Sandino A., et. al., Geochimica et cosmochimica Acta (1992), 56, 4135-4145
Mathur J. N., Polyhedron (1991), 10, 47-53
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Liquid-liquid extraction at ultra trace scale

Organic phase
Metal + Extractant

Thenoyltrifluoroacetone (HA)
In toluene

M+ COMPETITION 1S2EU, P2'Th
D = Asg Gamma
A, | spectrometry

Metal + Ligand
Aqueous phase

10/05/2021
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po i i [ Use of Eu(lll) as analogue of Pu (111) ]

Variations of D as a function of H;PO, concentration at
different temperature (pcH=4, 1=0.5 mol L* (Na,H)CIO,,
T=25, 40, 50, 60°C, C;74=2.5x102 mol -1)

10° E T T T T b AL B | T T . i
W Experimental issues:

104 ! . :f!\;\ « Systematic deviation in mass balance
] ® °®

10" _ | Formation of complex 1:1

p : Possible solutions tested
D=-=t 1y | Formation of complex 12 « Change of the electrolyte (NaCI/HClI or
el N _ (Na,H)CIO,/Acetate buffer)

Eu—NaHzPO4 : ~ Slope -2 bt V I f I ’ t I d I
| och 4.0 S _ lals for sample’s preparation (glass and parylene)

Y e o A « Change the extractant (TTA / toluene to HDEHP /
1 ® T=60°C i

0] | L Toegeg cyclohexane) in progress
3 v T=40°C

10'4109 P P PR PR PR P The protocol requires more experiments to

understand the deviation in the mass balance and
obtain more reliable data

10/05/2021
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o e [ Synthesis of rnabdophane type samples ]

Nd3* + P0,3>” 4+ nH,0 = NdPO, - nH,0

NdPO,-nH,0
Eug 0;Ndg gsPO,-nH,O
(152EU/EU)O.01NdO.99PO4' nHzo

Washin
g Activity

6.78kBq of 152Eu
per mg of solid

Centrifugation

Air drying
overnight

Roncal-Herrero T. et. al., Journal of Nanoparticle Research (2011), 13, 4049-4062.
Mesbah A., et. al., Journal of Solid State Chemistry (2017), 249, 221-227.

Clavier N., et al., Spectrochimia Acta Part A: Moleculat and Biomolecular Spectroscopy (2018), 205, 85-94
Gausse C., et. al., European Journak of Inorganic Chemistry (2016), 28, 4615-4630
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Irér!loliot-Curie — . .
LaberatoiresePhysique [ Characterization of rnabdophane type powders I

XRD patterns of NdPO,: nHZO and Eu0 01Nd0 99PO4 nHZO _ _ _ o
; TGA weight loss curve showing the hydration reversibility in
_mﬁl \JL T T T T T T T T T T T T T T T
A good agreement : - : EUNAPO, 200
with structures 2] M NdPO,*nH,0 250
27
reported for )| \L_w L o
NdPO,-nH,0O ] PDF-00-050-0620 <
. NdPO,*nH,O -150 5
] g
‘.‘ \H“ \\‘\HH\ 1 T —100§
10 |1 20 25 30 35 40 45 50 55 60 65 70 75 80 ==
: :).n L 2 thetha (degree) 50
oo Unit cell parameters | T o
EU0,01Ndg.09PO, NH,0 ” 0 50 100 150 200 250 300 350 400
" a(A) 28.3452 Time (min)
N b (A) 6.3878 The rate of water elimination in two steps are in a good
agreement with structures reported as LnP0O,-0.667H,0
o c (A 12.0395
Monoclinic
B° 108.228

crystal structure

Mesbah A, et. al., Journal of Solid State Chemistry (2017), 249, 221-227.
Gausse C., et. al., European Journak of Inorganic Chemistry (2016), 28, 4615-4630
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i Solubility experiments on (*>?Eu/Eu), o;Nd, ooPO,-NH,0)

Aim: Validation with low amount of solid for further experiments with Pu

ﬁreparation of sample} / Solubility experiments \ / Analysis \

» Weighing in glove box > Conditions » Gamma counting

Medium: HCI 0.1 M Peak at 121.8 keV (%2Eu)
Temperature: 25°C ‘

121.78 keV/

mg of habdophane
mLof 0.1 M HCl

» Sampling: 1% of total volume
replaced by the same volume of fresh HCI

20 130
E(keV)

50.1 mg/ 50.1 mL Sampling frequency : Monitoring 152Eu
11.3 mg/ 11.3 mL each hour during 5 days (500s<time<50000s)
6.9 mg/ 6.9 mL 3 per day during 1 weeks

1.8 mg/ 1.8 mL counting (centrifugation, weighing)

5.5 mg/ 5.5 mL 1 per day during 2 months QVis spectrophotometry (Nd)
Phosphate analysis to be developped
\ 2.2mg/ 2.2 mL / Qonditioning of each sample for Garrmy

10/05/2021
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Interaction Pu(ll

l Solubility experiments on (*>?Eu/Eu), o;Nd, ooPO,-NH,0) l

@
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Evolution of 152Eu and Nd during the dissolution of Eu o;Nd, 4oPO,-nH,O in 0.1 M HCI solution at 25°C

25 1

50.1mg/50.1mL
11.3mg/11,.3mL

N
o

& 4§ %ﬁ

g £°

o 151

£ ﬁ

<
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[e]

o

© 104

€

€

[

0]
4 [ ]
° weo L g
0 T T T T T T T T T T T

0 50 100 150 200 250

Time (h)

3.0 L

2.5

N
=}

Gamma counting (A/t)

0.5

0.0

i
o
1

=
o
1 N

6.9mg/6.9mL

i
5.5m /5 5m|_ i ¢

0 ’ % ? e

§ ] ¢ F
&g 2.2mg/2.2mL
1.8mg/1.8mL

A

*,“ . ¥ L K X;, v

5I0 I l(!JO I léO I 2CI10 I 2%0

Time (h)

Same trend and time to reach the equilibrium

10/05/2021

300

Experiment in process

Calibration of y counting according with
specific geometry in order to convert activity
in concentration
Determination of Nd and PO, to check the
dissolution is congruent.
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Conclusion
Agueous solution

'I Analogue for Pu (VI)

constants and thermodynamic
parameters  (entropy and
enthalpy) for  U(VI)-H;PO,
complex in a good agreement
with reported literature data.

\_

> Determination  of  stability 5 °*

Absorbance (A

~

10°

(I Analogue for Pu (l11)

extraction involving °?Eu
must be improved

\_

> The protocol for liquid-liquid °

10° 4

10' 4

10°

T T
¢ 10° 10"

P
C Hpo, (mol L™)

T T T
10°  10°  10° 10 )

10/05/2021
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Analogue for

Pu(lll)

Solid State

] (19)EU-NdPO,H.0
] MMM PrthntemratheaMhediit

AL

PDF-00-050-0620

‘, L \U“ H‘j [T

NdPO,nH,0

NdPO,*0.667H,0

T y T
10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

2 thetha (degree)

The solubility measurements

seem to indicate

that the -

experimental conditions proposed
(reduce amount of solid) could be

applied for Pu.

» According with XRD and
TGA analysis, the solids
synthetized were found to
be rhabdophane type .

NdPO,-nH,O

(152EU/EU)001Nd099PO4' nHzo

3.0

P
R .
I
gt
gl
Ry Od
HH -8

g
=]
L

Gamma counting (A/t)
&
L
b Yhd
@e

-

.0

Osj{*,“w# R Y

0.0

T T T T T
0 50 100 150 200 250 300,
Time (h)
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Analogue of Pu(lll) 4 )
@LKF \ Agueous solution = |
\__& e F Aqueous solution » The protocol elaborated EM o

» The protocol for complexation with U(VI will be applied to i

Eu(lll)-HsPO, using liquid-liquid Pu (VI)-H;PO, using the

C i 0.1 4 ‘
ch\_/—<: extraction will be tested with ﬁ?nsorptlon band at 835 k
Q o other extractants (HDEHP, TBP). ' 830 835 si0 45 850
O
C

Ha

\ %0 sis 80 83

P/ Wavelength (nm)
~

/ "OH

| p Pu(il)

Solid state Solid State
>E§§Lr:tlsnaﬂon of  solubility > Determination of the solubility product of
v' Calibration of gamma-spectrometer \ PUPO“'nHZO (prepared at CEA MarCOUIe) Y.

for conversion into concentration

v Verify the congruence of the
dissolution

N

10/05/2021
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