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Report:

The reducing conditions in a nuclear waste repositender neptunium tetravalent. Thus, Np is often
assumed to be immobile in the subsurface. Howdgtgvalent actinides can also become mobile if
they occur as colloids. This experiment has shdvat Np(IV) is able to form silica-rich colloids in
solutions containing silicic acid at concentratiaii2 x 10° M where silicic acid is expected to start
polymerization. These Np(I¥¥ilica colloids have a size of only a few nanonetand can reach
significantly higher concentrations than Np(IV) oxyhyddicolloids in absence of silica. The colloids
under discussion can be stable in the waterbonme éwer longer spans of time. In the Np(¥ilica
colloids, the actinideoxygenractinide bonds are increasingly replaced by acthugygen-silicon
bonds due to structural incorporation of Si atoms.

Investigations of the structure of the nanoparsiciere performed with EXAFS spectroscopy [Fig. 1].
The spectra were collected in the fluorescence mbigde aqueous colloid solution (SamplpSi) was
measured at ambient temperature. As reference plsainSi-free Np(IV) oxyhydroxide was repared
by precipitation of Np(IV) from a Np(lV) solutiomil M HNQs; using NaOH. This precipitate (Sample
NpOac) was measured in a closed-cycle He cryostate &t 15



The Fourier transform (FT) of the EXAFS spectrumsampleNpOac shows an oxygen shell with a
large Debye—Waller factor of 0.0122 And a well pronounced Np peak. The large Debydandctor

of the oxygen atoms indicates different Np-O disém, although they cannot be resolved due to the
limited k range. The spectrum is equivalent to tifatimilarly prepared Th(IV) oxyhydroxides [1] and
can be regarded as [(Np,Si)OH)s n-xH0]* 2" @M. The spectrum of the colloidal particles in sample
NpSi exhibits a strong dampening of the EXAFS oscilatirelated to a peak broadening in the FT and
an even larger Debye—Waller factor. These spefgtatlires indicate a significant disorder in thdaidl
structure. A small peak occurs in the FT which @ais silicon atoms with a Np-Si distance of 3.11 A
This short Np-Si distance is characteristic ofcailin bidentate coordination, while monodentate
coordination would result in a significantly longdp-Si distance. A small but less specific peak at
larger distance seems to indicate Np-Np interastidinfollows that, as for U(IV)-silica colloids dn
Th(IV)-silica colloids [1] also in the case of Np(fsilica colloids the An—-O-An bonds are
increasingly replaced by An—O-Si bonds, which mehas silica is included into the structure of the
solid [(Np)Oy(OH)a-n-xH0]* 2@ M if the solution contains silicic acid.
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Fig. 1 Np Ls edge EXAFS spectra
(left) and their corresponding Fourier
transforms (right) of a colloid sample
[(NP,Si)Oh(OH)a n- xH2O]* 2" M i
agueous solution with 1 mM Np(1V)
and 3 mM Siin 0.1 M NaHC®
(SampleNpSi), and a precipitate of
[(NP)On(OH)4 n- xH20]#72" 4™ ynder
acidic conditions (SampKpOac).
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Possible implications of the formation of such ek for environmental scenarios are discusseden t
articles related with these measurements [1-3].
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