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CHEMICAL EQUILIBRIA IN ACTINOIDE CARBONATE SYSTEMS
1. GRENTHE P. ROUBOUCH P. VITORGE
CEA CEN-FAR DRDD/SESD/SCPCS LABORATOIRE DE CHIMIE

SUMMARY

By using spectrophotometric and potentiometric methods it is shown that,
in media of high ionic strength (NaClOl. 3M) and totsl concentrations of
hexavalent actinoids higher than !0‘314, triuu are formed. The equili-~

brium constants for the reactions 3M0 (003) e (M0,) ,(CO )6 +3 co§

are log K (U) =-11,3 2 0,1 ;"10og K (Np) =-10,1 < 0,1 ; log x (Pu) =-7,4 = 0,2.
It is demonstrated that one of the cations of the trimer can be exchanged
with another actinoid cation : the oqutlibriun constants for the resctions
200, (€03 + M, (CO,)3 b (V0,), W0, (COE™+ 3C0]" are log K =-13,3 2 0,1 ;

-10,0 £ 0,2 ; - 8,8 respecti cely .‘.or H U, Np. Pu.

Then, polynuclear complexes can be efficient solution "carriers" for other
hexavalent actinides in a vaste disposal. Some properties of the solid
phases 40,C05(s) are discussed.

Experimental studies of chemical equilibria of mricim (111, 1IV) are
uvxewed : in carbonate media Am(IIl) species are Am (.'.03 Am (CO )
An (CO, ) » (Am; CO,)  and (NaAm(CO,}) ; for Am(IV) , 1og By ¥ t.o

In NaCl0, (3M) medium solubility measurements of Np(V) show that logB' = 5,09, |

Long = 8,15, log83 = 10,46, log Ks(Na Np 0, 003) = 10,56 and log Ks
(Na3 Npoz(cos)z) = 12,44 ; ionic strength correctiomare proposed.
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WHY ACTINOIDE CARBONATES ?

FUNDAMENTAL PROBLEMS ’

HOW IS THE CARBONATE LIGAND BONDED ? (FIGURE 1)

NON-BRIDGING (BRIDGING

[}
MONODENTATE |00 3 o,
BIDENTATE | 2 “ o FIGURE 1
Wl 1%° | HOW IS THE CARBONATE LIGAND BONDED ?

THE MODE OF BONDING MAY BE INFERRED FROM THE COMPOSITION OF THE
COMPLEX .,

CAN OH™ COMPETE AS A LIGAND WITH THE FAIRLY STRONG BASE CO%’ ?
THIS QUESTION IS ANSWERED BY A DETERMINATION OF THE STOICHIOMETRIC
COMPOSITION OF THE COMPLEXES,

WILL THE IONIC RADIUS AND/OR THE 5F ELECTRON CONFIGURATION INFLUENCE
THE CHEMICAL PROPERTIES OF COMPLEXES IN SOLUTION ?

TECHNOLOGICAL AND ENVIRONMENTAL PROBLEMS
WHAT [S THE CHEMICAL BASIS FOR HYDROMETALLURGICAL URANIUM PRODUCTION

WHICH IS THE CHEMICAL BASIS FOR THE USE OF CARBONATE IN NUCLEAR
REPROCESSING ?

HOW IS THE MOBILITY OF ACTINOIDS IN GROUNDWATER INFLUENCED BY pH
AND PC03 ?




PROBLEMS STUDIED

ACTINOIDE(VI) - CARBONATE SYSTEMS

THE LIMITING COMPLEXES ARE HOZ(C03)g° WITH BIDENTATE COORDINATION
AND HEXAGONAL BIPYRAMIDE COORDINATION AROUND M (FIGURE 2)

THE PRECURSOR IS DISCUSSED M0,(C03)2™ OR (M0,)5(C05)2™2 IN U(VID)

BOTH SPECIES HAVE BEEN INDENTIFIED. THE TRINUCLEAR COMPLEX IS =ORMEL

AT HIGHER IONIC STRENGTH AND TOTAL COMCENTRATION OF URANIUM ; ITS
~ GEOMETRY HAS BEEN DETERMINED BY 1°C NMR AND XRAY DIFFRACTION /1/
(FIGURE 3)

0
o“o
FIQURE 2

STRUCTURE /1/ OF U0,(CO5)%" | o v
FIGURE 3

STRUCTURE /1/ OF (u02)3(co3)g'

THE FORMATION OF MIXED COMPLEXES HAS BEEN PROPOSED (FIGURES 4-5)
(U07) 30(0H) 5 (HCO5)* = (U0,)5(0H) COZ(-H,0) = (U0,)5(0H)5(CO3)" SINCE
0%" = 204 - H,0, HCO3 = COp + OH™ AND CO3™ = CO, + 20H™ - Hy0

%
Ho—Y\ .
Io /i\r*.g
"\o/“ ", I\
4 5 N “f+ fo I;\Itg
STRUCTURE /2/ OF (U02)3(0H)5 K &

EIGURE 5
POSSIBLE STRUCTURE OF (U0,)3(0H)5C0%

2 (U05)30(0H), (HCO5)*

——— e ——




METHOL USED

SPECTROPHOTOMETRY : THERE ARE PRONOUNCED CHANGES IN ABSORPTION
SPECTRA AND COLOUR WHENM(VI)] ; AND (03] ARE CHANGED.AT

A
B 1.8:16.78mM; log o/hl:13.806 100% CO;

2.8 8.50mM; log o/M = 14150  100% COp
3. Bs 850mM: log o/h 21,.666  30% CO; FIGURE 6

¢ Ul e Pulvi) Pu(VI) SPECTRA IN CARBONATE MEDIf
. T=2221°C I=3M (NACLO,)
L o s | €0y + Ny GAS BUBBLING

FIGURE 7 -
NP(VI) SPECTRA IN CARBONATE MEDIA
[NP(VI)] o = 18,65 MM

I=3M(NACLO) T=222%1%
PCOy = 1 ATM

CONSTANT [H(VI], THE MOLAR ABSORPTIVITY IS DEPENDENT ONLY

ON pC0,/[H*]2 ~ CO3"INDICATING THAT THE ONLY LIGAND

IS 03" (PCO, IS CONTROLLED BYBUBBLING C0,-N, GAS MIXTURE IN THE
SOLUTTONS). WHEN [C03-] IS CONSTANT AN INCRERSE OF [M(VI)]y INDUCES
THE DIMINUTION OF THE MOLAR ABSORPTIVITY OF M0,(C05)4~, THIS
INDICATES THAT [ M0,(CO5)4-] DECREASESWHILE POLYNUCLEAR SPECIES

ARE FORMED. -

RESULT LOG K(M) FOR REACTION (1)

M SPECTROPHOTOMETRY E.M.F
MEASUREMENTS |

u -11,3 ?%*o0,1

NP -10,1 fo0,1

Py - 7,4 %0, - 7,6




[HE\EROATOMIC ACTINGIDE (VI) CARBONATE COMPLEXES]

IN CARBONATE SOLUTICNS WHERE THE RATIO([U(VIYM(VI) > 5

ONE OBSERVES THAT

THE SPECTRA OF THE MO, PART IS PRACTICALLY THE SAME AS IN A PURE
M(VI)-CARBONATE SOLUTION. THE MOLAR ABSORPTIVITY OF THE NP(VI)
PRECURSOR IS 1/3 OF THAT OF (NPO,)3(C05)8-

THE SPECTRA FOR A GIVEN TOTAL CONCENTRATION OF M(VI) ARE DISPLACED
TOWARD HIGHER VALUES OF LOG PCO,/[H*]2 WHEN U(VI) IS PRESENT

THESE FACTS INDICATE THE FORMATION OF (UD,),M0,(C05)8"

RESULTS SPECTRA OF (U0,),NP0, (C05)8" |
(U0, ),Pu0, (€05)8"

LOG K(M) FOR THE REACTION

y- 4- . 6 , zr2-
2 00,(C03)3" + MO,(CO3)3™ == (U0,),M0,(C05)8" + 3C02

1,3
0,0
8.8

4

U -1
o= 1
Pu -

THE U(VE) ACTS AS A SOLUTION CARRIER FOR Np(VI) ANb Pu(VI), A FACT
WHICH MIGHT BE OF IMPORTANCE FOR THE TRANSPORT OF ACTINOIDE (VI) ION
BY GROUNDWATER €.G6 AT A SITE FOR RADIOACTIVE WASTE DISPOSAL.

[SOLID (M0,CO5)¢ PHASES

THE COORDINAT[ON OF L) By C0§™ IS SIMILAR IN THE SOLUBLE
COMPLEXES U0,(CO3)3™ (U0y)5(C05) g AND THE (uozco3 SOL1D /3/




THEN WE HAVE VERIFIED THAT (Pu0,C03), AND (NPO,C04), CAN BE
OBTAINED BY PRECIPITATION OF M(Vl) EITHER FROM ACIDIC MEDIUM BY

HCO; ADDITION OR FROM BICARBONATE MEDIUM BY H* ADDITION.

RESULT: (M0,C03)c FOR M = U, NP AND Pu ARE ISOSTRUCTURAL

EXTRA LINES IN THE XRAY DIFFRACTIONPATTERN APPEAR SEVERAL DAYS

AFTER THE PRECIPITATION OF NPO,CO3 AND Pu0,COz

(M0,C05) ¢ SOLIDE PHASE s LATTICE PARAMETERS (A)

M A B c REF,
u 4,85 (1) | 9,205(8). | 4,296(6) | /3/
Np 4,80 (2) | 9,37 (6) | 4,20 (3) | THIS WORK
Pu 4,803(7) | 9,31 (2) | 4,23 (1) | ™His worK
[NP(V)-CARBONATE SYSTEIE
SOLLBILITY MEASUREMENTS OF Ne(V) m mm MEDIA WITH NaCLO, 3M CAN BE
INTERPRETD WITH R, 005 W00 NP0, (C05)3"SOLLBLE SPECIES,
NANPO,CO5 AND NagNeG, (CD),SOLID msss 3 mem COMPLEX NP0, ((D3)3 ",
IS FORYED ONLY AT HIGH IONIC STRENGTH (FIGURES 8-9)
pCOg sontreied:
FARCArT
(prinitiaton) o] 8
(eissation) " |
[€0s)souq4 sontroted:0
4 190y COY I
(Mo, ’l(‘ ] 1
b‘ ® ’;:’]')ﬂ 1 d
| \ \:-”C I/'* 3
XN e
¢ s SOLUBILITY OF NP(V) IN CARBOMATE MEDIA

Sl [cot




EIGURE 9
J Ne(V) CARBINATE COMPLEXES IN NACLO,, MEDIA
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SOLUBILITY MEASUREMENTS OF AM(III) IN CARBONATE MEDIA CAN BE
INTERPRETED BY AMCO3 , AM(CO3)5 , AM(CO3)3~ SINCE THE SOLID PHASES
HAVE BEEN IDENTIFIED BY XRAY DIFFRACTION, TO BE (AM,(CO5)3)g AND
(NAAM(CO3),)

FROM PUBLISHED E.M.F MEASUREMENTS /4/ WE PROPOSE
LOGP ¢ (AM(IV)) = 40

/1/

12/

/3/

4/
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