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Report:

The safety case for radioactive waste repositageso a large extend based on the physical and
chemical retention of radionuclides on clay minesghich are important constituents in both the man-
made engineered barriers and in argillaceous loogt formations. The presence of carbonate, one of
the most important inorganic ligands for lanthaniged actinide ions in groundwater and clay
porewaters, can have a significant influence ot therption behaviour on clay minerals. Previous
macroscopic sorption experiments and modelling ssigghe formation of Am(lll) carbonate
complexes at the montmorillonite surface (Marquesh&ndes et al., 2007). The aim of this work is to
improve the mechanistic understanding at the mddeclevel of the uptake of Am(lll) onto

montmorillonite in the absence and the presencissblved carbonate.

Preliminary results

The Am(Ill) loaded montmorillonite films were measd at the |, edges of Am(lll) (18510 eV) and in
fluorescence mode. EXAFS spectra were analyzedfitied using the IFEFFIT software package.
Backscattering phases and amplitudes were obt&ioedFEFF8.0 calculations. The multiple scattering
paths (MS) related to the bidentate coordinatiothefcarbonate group was included into the fit. The
parameters R, N and? of the scattering paths Amg@, Am-OgisrC and Am-C-Qis-C were linked

together during the fitting process.

Sor ption of Am(I11) on montmorillonite
Montmorillonite samples with different Am(lll) loatys were prepared in the absence (pH=8) and in
the presence of carbonate (equilibrium with theospheric pC@= 10> bar at pH~9.3). In addition

the solubility liming phase NaAmM(G{) was measured as a reference compoiihd. experimental



conditions used for the preparation of the EXAFRS/damples A, B and C are summarized in Table 1.

EXAFS measurements were performed on Am(lll) loasifisupporting STx montmorillonite films.

Table 1. EXAFS clay samples description: S/L rati2gll*, background electrolyte 0.1 M NaGJO

Sample pH pC@bar) [““Am(IN]i (M) 23aAm(IIl) sorbed (mmakg™) log Ry (LRg™)

A 8.0 - 2.0910° 2.78 4.85
B 9.3 10°° 5.9010°° 2.74 3.80
C 9.3 10°%° 2.0910°° 8.32 4.46

Fig. 1a shows the Am,Ledge R-weighted FT of all the Am(lll) samples. The spaatbtained for the
samples prepared in the presence and absenceébohese clearly show different features (Fig. 1d). A
the measured carbonate samples show additionas fresie FT at R~3.8 A (R¥R). The similarity of

the FT spectra of the clay sample C and the refereampound clearly shows that in case of sample C
surface precipitation occurred. This is in a goagpeament with the increased Rd value of 4.46

obtained for sample C.
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Figs. 1. a) Fourier Transforms of experimental EX6Agpectra measured for the Am(lll) sorption
samples A to C and the reference compound NaAmC0) experimental (solid lines) and fitted
(symbols) R-weighted EXAFS data for the Am(lll) samples A d@hd

EXAFS spectra of the samples A and B were fittethak-space and the obtained fits are shown in
Fig. 1b (symbols). The results of the data analgsessummarized in Table 2.

The EXAFS parameters obtained by fitting the speofrthe carbonate free sample are consistent with
bond lengths from Am-O and Am-Si/Al backscattenpayrs. The identification of Am-Al/Si distances is

a clear indication that Am(lll) forms inner spha@mplexes at the STx surface. However, additional

EXAFS measurements on carbonate free Am(lll) ctayides prepared under different pH and loading



conditions are necessary to derive a reliablestral model for inner sphere complexation of Am(ll
at the montmorillonite surface.

The EXAFS parameters obtained by fitting the spedaf the sample B (in equilibrium with
atmospheric pCg¢) are consistent with the formation of 1-2 Am(Itprbonate complexes at the
montmorillonite surface. No Am-C shell was necegsarreproduce the EXAFS spectrum. However
fitting a weak backscatter such as carbon in ostesy might be difficult, since the backscattering
amplitude produced 1 C (z = 6) is much weaker tthenamplitude produced by one Si/Al shell (z
=13/14) originating from the montmorillonite suréacThe most reliable structural evidence for the
formation of bidentate Am(lll) carbonate complexatshe montmorillonite surface is the identificatio
of the distal oxygen @shellof the carbonate ligand (4.28 A) and the associatektiple scattering of
U-C-Oyis (4.28 A) and U-C-QsC (4.28 A).

The evaluation of the NaAm(GJ solid phase spectra and of the Am(lll) loaded ¢ilay C is still in

progress.

Table 2. Structural parameters for the Am(lll) leddnontmorillonite films derived from the EXAFS

analysis.
Sample Shell CN RA) 0% [A? AE, [eV]
A Am-O 8 (1) 2.46(1) 0.013(2)
Am-Siy/Al; - 1.1(3)  3.20(2) 0.007* 2 83
Am-Sip/Al,  1.2(5) 3.75(3) 0.01*
Am-Sig/Al;  5(2) 4.72(2) 0.013(6)
Am-O 7.09 2.46 0.010
Am-Si 1.75 3.23 0.010
B Am-Oyist 1.53 4.28 0.005* 10.93
Am-OyisrC 3.06 4.28 0.005
Am-C-QyisrC  1.53 4.28 0.005

Note: CN: coordination number; R: distancé; Debye-Waller factor; *: value fixed during the; faumber in parentheses
represents the errors in the last digit.
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