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Report:

Spent Nuclear Fuel (SNF) disposed in radioactivet&vaepositories is liable to release long-lived
nuclides including?°Se and’®Se. Both radionuclides are dissolved as anionicispewhich are in general
poorly retarded by common major minerals (claysboaates and sulfates) resulting in high calculated
radiological doses. However, these calculationsleseéghe effect of minor secondary minerals such as
Layered Double Hydroxides (LDH), which are ableetachange anionic species and have therefore, a high
retardation potential for*¥ and"°Se. A mechanistic understanding of the bindingaid Se to LDH phases
is, therefore, essential for realistic performaasgessments of radioactive waste disposal systems.

LDHs have a brucite-like structure, with positivelyarged octahedral sheets of edge sharihgmd
M" hydroxides alternating with interlayers occupigdamions and water molecules ([MM" (OH)][A"
"wn-yH20). In this study, the uptake of | and Se by ZnkAIH was investigated. The LDH phases were
synthesized by coprecipitating | and Se (a$d; or Se@”* ) with zn'-Al" salts at various Zn/Al ratios at
constant pH and under,Nux to avoid the formation of carbonate-LDH. Tvitather LDH-I samples were
prepared with Mg or Ca as'fMation. The LDH structure (R-3m) of the samples wanfirmed by powder
X-ray diffraction. Using the He liquid cryostat @@ K, EXAFS spectra were recorded in transmisstahne
I-K edge, Se-K edge and Zn-K edge.

Fig. 1la-b presents a comparison of recorded | Keedpectra for iodide-loaded LDH phases
containing different divalent cationZn,Al(OH)e,1-yH,0, M g,Al(OH)e,1-yH,O and Ca,Al(OH)g,I-yH20 ().
The major difference is observed for tBa,Al-doped I-LDH, which shows greater amplitudes at kK A*
(Fig. 1a) and larger magnitudes in R-space (Hy, farticularly at high RAR, suggesting the presence of
high Z backscattering atoms in the second or twardination shell. .

Fig. 2 shows a comparison of the spectra for thestigated Zn-LDH both at the | K-edge (Fig. 2a-b)
and Zn K-edge (Fig. 2c-d) for different "MM" ratios: ZrAI(OH)e,I-yH-O, ZnAl(OH)g,l-yH-O, and
Zn,Al(OH)10,1'yH20O. The spectra at the | K-edge (Fig. 2a-b) arevatly similar and show consistently a
threefold splitting of the first shell, in the FSuggesting three preferred I-O distances within rdnege
R+AR ~2-4 A. This feature is emphasized at higher Zméfos (Fig. 2b). All Zn K-edge spectra show a
distinctive beat pattern at ~8% k < ~8.5 A typical for LDH phases (Fig. 2c) [1-3]. Furthermptfee shape
of this beat pattern changes with the Zn-Al rafibe corresponding FT show similar radial distribati
functions (RDS, both in the magnitude and the imaxyi part) for all three phases (Fig. 2d).




Fig. 3 illustrates the influence of the interlay@nion on the Zn coordination environment for
ZnAl(OH)6,NO3-yH,0, ZnAl(OH)g,1-yH20, ZpAl(OH)6,Se03-yH,0 and ZpAl(OH)e,1 O3:yH,0 (Fig. 3a-b).
The Zn K-edge spectra show differences at k & @#ig. 3a) which translate in distinct RDS in R-sp4Fig.
3b). Differences are observed paricularly betwdengpectra obtained for LDH phases loaded withrenio
having prismatic coordination geometry §iC8eQ*) compared to LDHs loaded with anions having asgua
planar (NQ) or point-like (I) geometry spectra. Further data analysis is omggoin
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Fig. 1. lodine K-edge spectra recorded at 90Kvimious M'/M" ratios Layered Double Hydroxide phasZsfAl(OH)e,1-yH,0,
M g,Al(OH)s,1-yH,0 andCa,Al(OH),,1-yH,0). a) R-weighted spectra; b) Fourier Transform (modulus iamaginary part).
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Fig. 2. Spectra of various LDH phases recorded)&t 9Zn K-edge of the a)*kweighted spectra; b) Fourier Transform (modulus
and imaginary part); | K-edge of the Gheighted spectra; d) Fourier Transform (modulus iamaginary part).
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Fig. 3. Zinc K-edge spectra recorded at 90K LayedPedible Hydroxide phases with varying anions ;& (0OH)¢NO4yH,0,
ZnAl(OH)g,1-yH,0, ZnAl(OH)6,Se03yH,0 and ZpAl(OH)e,1 O3yH,0). a) R-weighted spectra; b) Fourrier Transform (modulus
and imaginary part).



