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Report:

Cementitious materials will be used for the corwdtom of the engineered barrier in repositories |org-
lived intermediate level wastes (ILW), which mayntin significant amounts 6f'Np (t, = 2.1410° y).
Predicting the long-term behaviour of Np in a cetvlmsed repository requires a sufficiently detailed
understanding of its interaction with the main m@sasef cement. Several Np redox states are expaotbet
these conditions, although the corresponding stlbiélds and the binding mechanisms to cementstike
poorly understood. The objectives of the projectev@) to assess the molecular environment of Np(IV
sorbed onto calcium silicate hydrates (C-S-H) agmhent; b) to evaluate the stability field of Np(WMijthin

the pH range 10-14, and to assess its molecularoemvent when sorbed onto C-S-H phases and cement.

Results:

Sorption of Np(1V) onto C-S-H phases and cement

EXAFS measurements were performed on wet-pasteS-8fH phases
and cement doped with about 10000 ppm of Np(IV)cdraand
equilibrated for 2 months in a,Milled glovebox. Four types of C-S-H
phases with different Ca:Si ratio were prepared, (0.0, 1.6 and 1.0 in
alkali-rich artificial cement pore water of pH = .38 representing
different degradation steps of cement. Very redyatonditions were
generated by 0>M Na,S,0.. An additional sample of C-S-H with Ca:Si
= 1.0 was prepared in absence ob$48,, in order to check the stability
of unbuffered Np(IV) in C-S-H systems. As a lesdearnt from the
previous campaign (see experiment EC-425), the lemmpere kept in
liquid N, for the transport and storage during the measuresndhe
cryostat available at ROBL was used for all measerds (liquid-He
temperature).

The transport and storage of Np(IV) samples initlgh, was found to
avoid oxidation to Np(V). Once left at room temgara and presence of
air, the oxidation of Np(IV) took place within felours. No differences : : : :
in the EXAFS spectra were observed for Np(lV) saspprepared in °¢ * 2 3 4 5
presence and absence of ,8i®, despite the unavoidable @aces R+8RIA

present in the glovebox. This observation indicatesdrong stabilization Fig. 1. Experimental and theoretical

of Np(IV) by C-S-H phases, in agreement with theywsgh distribution Fourier ”a”Sfor][m (”‘Odut')‘; and
<1:0efficients R determined in wet chemistry experiments*10° LRG s o7, g,gif_) of Np(1V) sorbed on €-

).

The principal component analysis (PCA) carried asing spectra of Np(lIV)-doped C-S-H phasex(k),
kx(K), KX (K), K’x(k) and energy spaces clearly indicates that onlgrAponents are needed to explain the
spectra of all samples. The comparison of thesepoamds in ITFA mode with the original spectra sgign
correlates them with Np(IV)-doped C-S-H 0.7 and. Liiear combinations of these two “species” were
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found to satisfactorily explain EXAFS spectra of (Nf) sorbed in C-S-H phases with Ca:Si ratio = 1.0,
therefore allowing a mechanistic interpretation (V) uptake by C-S-H phases within the whole
degradation sequence of cement. The Fourier-tremsfbk>-weighted Np I,-edge EXAFS (experimental
and fits) for these samples are shown in Fig. ® rEsulting structural parameters are listed ind abThis
information suggests an incorporation mechanisnmrevhg(1V) (very likely) is bound in the interlayef the
C-S-H structure.

Sorption of Np(V) and Np(VI1) onto C-S-H phases and cement

EXAFS measurements of Np(V) and Np(VI) were perfednon weted-pastes, which were prepared in the
same way as Np(lV) doped samples. No redox buféer added to Np(V)-doped C-S-H and cement samples,
whereas B0°M NaOCI was used for the

i Sample Shell N R[A] o’ [AY AE° [eV] R-factor
preparatlon Of the Np(VI) doped Samples Np(lV) - C-S-H 0.7 o 6.8+0.8 2.27 £ 0.01 0.010 £ 0.002 5.8 0.068
In contrast to Np(IV), the EXAFS spectra of Sl |50+15 | 3574003 | 00090004
Np(V) and Np(VI) provided only qualitative o e e
indications of an incorporation mechanism |y -cst1s | o 7.7£12 | 227001 |0.009+0.003 |55 0.090
mainly based on the identification of S |36+07 |359+003 | 0.009"

. . . Caq + + . *
neighboring Si-atoms. Structural paramete! S DSt Dol Bouol
2 3.3+12 |4.28+0.05 B

determined for C-S-H samples of Ca:Si = *pammeters fixed in the fit

0.7 and 1.6 doped with either Np(V) OfTable 1. Structural inf_ormation derived from the EXAFS analysis of Np(IV)-
Np(VI) are given in Table 2. The Np(V/VI)- 9ored C-SH sampleswith Ca:S = 0.7 :and 1.6.

Si distances determined from the analysis of

the EXAFS data significantly agree with RS Shell N RIA] o (A2 AE°[eV]  Refactor
those expected for Si_atoms mono_ and d Np(V) - C-S-H 0.7 Oax 2" 1.88 £0.01 0.002 £ 0.001 13.0 0.02
. . Oeq 57+10 2.39+£0.01 0.014 £ 0.004
coordinated to Np, and further they are i s | 25519 | 3212004 | 001450011
line with observations made on U(Vl) iN C-|Npv)-cs-H16 | 0a 2* 1.89+0.01 | 0002+0001 |12.2 0.01
S-H environments (Mace et al., 2010 o | Soroe | 239001 001020002
11 2909 3.24+£0.02 0.014*
Harfouche et al, _20(_)6). In contrast b | 17415 | 2865008 | 0014
Np(IV/V), the coordination environment of |npwy-c-sto7 [0, |2 1792001 | 0.002£0.001 | 11.0 0.01
Np(VI) taken up by C_S_H phases Seems t O.sq 42+04 2.25+0.01 0.005 +0.001
. . Siy 05+04 3.08 £0.04 0.004*
depend not only on the Ca:Si ratio but als o |18£07 | 3565002 | 0004
on pH. Fig. 2 compares the Radial Structur S |13+08 |381:004 | 0.004
Functlons for Samples Of Np(VI)_doped C_ Np(Vl) —C-S-H 1.6 | Ou 2* 1.85+0.01 | 0.004 +0.001 10.2 0.06
S-H 0.7 H=10.1 1.0 H=12.1 1.6 Ocq 35+0.8 |2.24+0.02 |0.007+0.003
- . (p - . ), . (p - . )! . Siy 04+06 |322+0.11 | 0.004**
(pH=12.5), 1.0 ACW (pH=13.3) and cemen Sz | 09£12 | 3652011 | 0004
(pH=13.3). Axial and equatorial Np-O 15213 [9s32008 | 0004

* parameters fixed in the fit

distances (\l’p-Oax and Np-Oec) en|arge at - farameterleft originally free. After the first iteration. it was fixed to reduce the uncertainty in N,
lower pH. A similar behavior is to be ety g e crgtnally = sa. After the frt feraion, they were fived 19 reduce he
expected for the transition of Np@H);  Table 2. Sructural information derived from the EXAFS analysis of Np(V)- and
(with one additional coordinated,8) and Nr(Vl)-doped C-SH sampleswith Ca:S = 0.7 and 1.6.

NpO,(OH),*. Analogously to U(VI), this transition (in the
aqueous phase) may occur at pH 12-12.5 (Guillaurabnt C-SHO.7& 1.0
al., 2003). C-S-H 1.0 ACW
The study shows that C-S-H phases play an importdat & csHioa
in Np(IV/VIVI) immobilization in cementitious mates.

Incorporation in the C-S-H structure is regardedtlaes
predominant uptake mechanism.
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