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Context: PUREX process

B PUREX process = hydrometallurgical process

B Selective extraction of U and Pu present in the spent nuclear fuel by an organic
phase TBP-TPH

|
B Palladium = fission product /\/\O/A\\o/\\/\
\/\/O
B How to cope with aging equipment:
- Presence of precipitate with palladium TBP
Organic phase
: TBP 30% / TPH
Spent fuel: 0 Recyclingl.
U, Pu, FP (solvent )
. (Pd) treatment)
¥ Pd R
Dissolution | soluble : . i L
> Lot EV>\</traﬁjuon Partition Re-extr. U
HNO; U,Pu,PF ashing
l PF Pu U
FP insolubles (Pd)
Pd insoluble\ /
GIaSS matrIX De SIO et al., Procedia Chemistry, 21, 2016, 17-23 IndUStrIaI SOIId
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Objective of the study

Understanding the formation of Pd precipitates in liquid-liquid extraction
cycles

- ldentification of the compounds responsible for the precipitation of Pd

Role of the radiolysis

Bl [ndustrial precipitate
18 Bl Precipitate @g,
Bl Precipitate @g,

|

Porga y-irradiation

Pd(TBP)2(NOs)-

+TBP + TPH 500 kGy

>

Intensity (a.u.)
0 100 200 300 1?0 500 600 70O

Characterization
by XRD powder diffraction
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How to explain the presence of precipitate

In liquide-liquid extraction cycles ?

» Speciation of precipitates formed » Extraction of Pd(ll) in presence of
by y-irradiation ESI-MS degradation product (DP) of the

XPS EE solvent
1 atpnion,y MM J\
AT
z’/dgﬁ)jﬁ%}z& ey T d e g r a d ati O n
product

1 PA(CN),  treysicnnr =

Precipitate ®g; | . 7.0 M J

[\ 339.9+03

| 3389403

. Intensity (a.u.)

Binding energy (eV)
q’organique

TBP in

‘ PR 2 ATG dodecane
XRD 1 saut degra:;Iation
- o, § o s el P IO
18° = o, . Va N~ \ l
Precipitate @, &

100 200 0 M0 0 600 70

U=
:’\v“‘* M *‘}“‘*”“* IRFT

sopen | — v, Identification of palladium
” ‘ : M species formed with
| w degradation products
/\Nw% (solid/complexe)
o k =
L - wavenumber (cm™*)
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cea den Characterization of precipitates formed by

y-irradiation

' Functions present in the precipitates @ , et ® T
PreC|p|tate P Precip S S:2 Precipitate
D, D5,
’ XRD, XPS, ATG,
EolMS NMR, XPS, FTIR, ESI-MS
XPS, FTIR,
Pd(CN), MR
| | | ! Organic compounds
Xx—Pd— C=N—Pd— C=N—Pd—Xx -
N N I(||:| Pd-carboxylate R NH;
o
| l 0 0 and
Xx——Pd—C=N——Pd—C=N—Pd—Xx ./
y N . R{\ Pd \}R- Phosphorous
%:' 'f'|;' '+' % compounds
x——-—P|d—CEN—P|d——CEN-—P|d—X (TBP / HDBP)
X X X

with X = H,O, CN, others functions

mm) Presence at least of 2 different compounds

S. J. Hibble, A. M. Chippindale, E. J. Bilbé,
E. Marelli, P. J. F. Harris and A. C. Hannon,
Inorg. Chem., 2011, 50, 104-113.

Published manuscript : “Characterization of palladium species after y-irradiation of a TBP-alkane-
Pd(NO;), system “
RSC Adv., 2018, 8, 21513-21527
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Origin of degradation products leading to the

formation of precipitates

T TBP 100 % P-O-C Initial conditions:
+— TBP 30% - dodecane N || Pd-N/PdIC  @aq: PA(NO),, HNO; 3 mol.Lt
+— dodecane 100 % NH, Qorga: Variable composition
ol (\A
0-C=0 '\
CH-CH

(DS,Z,TBP

@
&)
-
G

o
S
O
%

o

<

(I)S,Z,TBP-dodecane

(I)S,Z,dodecane

4000 | 35|OO | 30|OO | 25|OO | 20|OO | 15|00 | 1OIOO | 5C|)0
wavenumber (cm™)
‘ Degradation products from TBP or dodecane allowing the
formation of precipitates
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Distribution of degradation products leading to
precipitation of palladium

Irradiation without Pd Ogrqa ilTadiated
Pd(NO
P < ( 3)2 Stirring
] o Rest
. y-irradiation | e | ‘
Porga 500 kGy TBP -
TBP - dodecane
dodecane + DP
: O : Dy gorga
P, irri
H Ng)3 + DP3 Slt:llrerlsr;g &

Pd(NO
Initial conditions: (NO3), -

Qorga: TBP 1 mol/L*- dodecane

Qaq: HNO; Qqq ilTadiated
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et O

Infra-red of @

after the addition of

PpP,porga PP,paq

I Precipitates @, .42 and

D, yaq €1 Ps , SIMilar

== CN, Pd-C/Pd-N

- Pd(CN),
== Functions O=C-O
= NH,, P=0 et P-O-C

()

Absorbance

B For @, orga
= CI_I'CHaIcane

T T T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500 ()
wavenumber (cm™)

' Degradation products responsible for the precipitation of Pd
present in @, et Qgrqq

PP.¢aq Dy gorga
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Extraction of Pd(ll) in the presence of degradation

products (DP)

Bibliographic review
on the degradation of TBP -TPH

CnH2n+2 (C4H90)3P:O

(alkane) * EN(;)B (TBP)
2

R_CH:CH_R’ R-OH (C4H90)2§/OH)P:O

R-ONO: (¢,4H:0)(0H),P=0

R-NO: V
Func_tlons R-COOH H,PO,
derived R-CO-R’
from
alkanes Common Functions

functions for TBP from TBP
or dodecane

D. Lesage, 1995
L. Berthon et M. C. Charbonnel, 2009
Tripathi et Sumathi, 1999
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Extraction of Pd(ll) in the presence of degradation

products (DP)

Bibliographic review
on the degradation of TBP -TPH

CnH2n+2 (C4H90)3P:O

(alkane) * EN(SB (TBP)
2

/\Oz /\

R-CH=CH-R’ R-OH (C4H90)2§/OH)P:O

R-ONO: (C4H.0)(OH),P=0

R-NO: ¥
Tunetions R-COOH  H,PO,
erive R-CO-R’
from
alkanes Common Functions
functions for TBP from TBP
or dodecane
m DP tested:

== 5-dodecene

== dodecanoic acid

[ . 1'd0decan0| E‘é:fti?)iyej:[gl\gl’léc. Charbonnel, 2009
5-dodecanone | oeseman e

Nuclear Energy Division - Marcoule
Research Department on Mining and Fuel Recycling Processes

26-30 August 2018 | PAGE 10



Extraction of Pd(ll) in the presence of degradation

products (DP)

Bibliographic review
on the degradation of TBP -TPH

CiHzns2 (C4H90)3P:O
(alcane) + HNO, (TBP)

+H,0
/\02/\

R-CH=CH-R’ R-OH J
ONO:
Functions NO: V
derived R-COOH
from R-CO-R’
alkanes c Functions
ommon from TBP

functions for TBP
or dodecane

B DP tested:
== D-dodecene
== dodecanoic acid
== 1-dodecanol
== D-dodecanone

D. Lesage, 1995

L. Berthon et M. C.
Charbonnel, 2009
Tripathi et Sumathi, 1999

Nuclear Energy Division - Marcoule

Identification of palladium species formed with these
DPs (solids / complexes)

Organic phase: D.. = [Pd]orga
TBP 1 mol.L'1in dodecane Pd — [Pd]
+ addition of DP aq
Dpg
Pd
Dpg
Agueous phase: (undoped) e e
HNO; + Pd(ll 0 o \ e
3 ) i 40 ¢e°°“o odeG"’“o 6Gc’a“°“
* O
6.36\6 ‘\'6 5’60

Only 5-dodecene:

1. Dpy(TBP+alkene) >> Dy (undoped)

2. Presence black powder at the interphase
Pd et PdO (XRD powder and XPS)

Research Department on Mining and Fuel Recycling Processes
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Infra-red of ¢4, after Pd(ll) extraction in presence of

absence of 5-dodecane

Absorbance B Qg Of TBP-Pd :

TBP | - /\2+/\ o TP
\/ \/

P=0

— bounded

TBP-Pd \
just after ext —_— e
1800 1700 1600 1500 1400 1300 1200 1100

N N wavenumber (cm™)
Inltlals conditions:

g Pd(ll), HNO,
gg_g_ TBP 1 mol/L in dodecane
with or without 5-dodecene
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Infra-red of ¢4, after Pd(ll) extraction in presence of

absence of 5-dodecane

Absorbance B Qg Of TBP-Pd :

TBP | - /\z+/\ o] TP
\\/’ \\/’

B @y, Of TBP-Pd-5-dodecene :
= Presence of C=0 at 1718 cm!
-> function RCOH, R-CO-R’ or R-COOH
= NMN : presence of ketone
= ESI-MS : complexes different from
TBP-Pd Pd(TBP),(NO,),

just after ext ——— 17— 11—~ Palladium complexes different with or without
1800 1700 1600 1500 1400 1300 1200 1100

TBP-Pd-alkene
just after ext

wavenumber (cm™)

Initials conditions:

ag PA(l1), HNO,
gg_g_ TBP 1 mol/L in dodecane
with or without 5-dodecene
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Infra-red of ¢4, after Pd(ll) extraction in presence of

absence of 5-dodecane

B Qgq 0f TBP-Pd :

~“~bounded B ]

TBP | - /\z+/\ o] TP
\/ \/

TBP-Pd-alkene
7 days after ext

B @y, Of TBP-Pd-5-dodecene :
= Presence of C=0 at 1718 cm!
- function RCOH, R-CO-R’ or R-COOH
= NMN : presence of ketone
= ESI-MS : complexes different from
Pd(TBP),(NO5),
- Palladium complexes different with or without

: T : | : T : T : T : T : 1 alkene

1800 1700 1600 1500 1400 1300 1200 1100 :

Initials conditions: B Evolution @, 0f TBP-Pd-alkene :

ber (cm™) ) orda

@aq: P(Il), HNO; wavenum Functions C=0: Ct¢ between t, et 7 days

Qorga T BP 1 mol/L in dodecane ] ) ) )

with or without 5-dodecene Disapperence of nitrate vibration bands
(1527 cm™?)

Hyp : mixed complexes Pd-TBP-C,H,, = ESI-MS : Presence of a mixed

Formation of C=0 in presence of alkene complexe of Pd-TBP-5-dodecene

TBP-Pd-alkene
just after ext

TBP-Pd
just after ext

Nuclear Energy Division - Marcoule
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Characterization by GC-MS of an organic phase of

TBP-dodecane-Pd-5-dodecene

1200000 40000
dodecane ]
1000000 - \ 30000 -
'S 800000 o TBP *g 20000 -
& ¥ £
>
g 600000 - 10000 -
()
E
400000 .
5-dodecene 39,0 39|,5 40|,0 46,5 41|,0 41|,5 42,0
retention time (min)
200000 - others
molecule N° Attribution
0 ' : AN -] I : 1 6-dodecanone
20 40 60 80 2 5-dodecanone
IGIEE in) 3 3-dodecanone
Oxydo-reduction reaction: 4 >-dodecanone
o
Pd(I) Pd(0) 5 -
>< 5-dodecanone
5-dodecene

6-dodecanone
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Behavior of ketone in presence of palladium

Initials conditions:
HNO,, Pd(ll), HNO,,
Ketone

2-butanone
(DP from TBP)

Mixture without
stirring

M. Nonomura,
Toxicol. Environ.
Chem., 1987, 17,
47-57

q)z-butanone

_ _ (DS,S-dodecanone
Stirred mixture

100°C
2- dodecanone
or . .
Mixture stirred /

5-dodecanone T
(DP from amb

dodecane) — preC|p|tate Ds 2-dodecanone

B without ketone: no solid formation -

B without HNO,: no solid formation

Nuclear Energy Division - Marcoule
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Pd-N / Pd-C

Initials conditions:
HNO,, Pd(Il), HNO,,
Ketone B0,

HNO,
HNO,
R-CO-R’

(DS,Z

obtained by y-irradiation

Ds 5.dodecanone B Presence of C=N in

the 3 solids

== WWhatever the length
of the chain and the

T T T T T T T T T T T T T T pOSitiOn of C=0,

D 5 putanone formation of

Pd(CN),

CI)S,S—dodecanone

Absorbance

p==ut

4000 | 35I00 | 30I00 | 25I00 | ZOIOO | 15I00 | 1OI00 | 5(I)0
wavenumber (cm™)
‘ Ketone and HNO,: precursors in the
Pd(CN), formation
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Conclusions and Prospects

» Characterization of precipitates of palladium in {TBP-TPH-HNO} irradiated
Several compounds : Pd(CN),, Pd(COOR),, TBP, HDBP, Amine

DP come from TBP or dodecane

DP leading to the precipitation of Pd present in ¢,, and @4,
» Suggestion of mechanisms formation of precipitates

V. I. Bakhmutov, Dalton
Trans., 2005, 11, 1989

S. K. Ritter, Chem.
Enginnering News, 2016,

94, 20-21
Alkane I TBP S. D. Kirik, Acta
Irradiation Irradiation Iradiation Crystallog}. C, 2004, 60,
/ \ R;-ONO:2 R,-NO: 449-450
Pdz*
R-CH=CH-R* ) ” }
oo e, Recoon on aciaton
Chem., 1987, 17, HNO, or
47-57 0 Irradiation
H. Modler and M. deshydration |(l N——OH
Environ. Ghem, RN deshydration .
1995, 48, 155-175. | \ Pd
0
H
0X0-0xime M
HCN s / \ﬂ
Pd2+ \L Pd2+ L
Pd(CN), R-NH, Pd(COOR), (C,Hy0),(OH)P=0

» Prospects: suggestion of NH, mechanism formation
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