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Report: 
 

Cement is an important constituent of the engineered barrier systems in underground repositories for 
low and intermediate level radioactive waste. Cement is used to solidify and stabilize the waste materials 
and, furthermore, it is used in huge amounts for the construction and backfilling of the cavern. The release of 
radionuclides from the cementitious near field into the underground is retarded due to their strong interaction 
with cement mineral phases.  

In hydrated cement, calcium silicate hydrates (C-S-H), (CaO)x(SiO2)y(H2O)z) are quantitatively the 
most abundant and most important phases (C-S-H >50 wt.%, other minerals are Ca-hydroxide ~20 wt.% and 
calcium aluminates ~20 wt.%). They are chemically the most stable minerals in a cementitious environment 
(pH > 12.5) and exhibit a wide diversity of structural sites exposed for cation binding. 11 Å tobermorite is a 
crystalline C-S-H phase for which the structure is well known (Fig. 1) [1]. The layered structure is built up of 
sheets of Ca polyhedra linked through non-bridging oxygens to chains of silicate tetrahedra on both sides. 
The interlayer space in between the sheets may contain water and calcium. Three different modes of heavy 
metal interaction with 11 Å tobermorite can be envisaged: 1) surface complexation (position 1), 2) uptake in 
the interlayer (position 2), and 3) incorporation in the Ca sheets (position 3) (Fig. 1). Spectroscopic 
investigations have provided evidence that all three positions are competitive sites. For example, 
investigations on the uptake of Sn(IV) onto C-S-H have shown that Sn sorbs on edges of the Si chain by 
corner sharing between Sn octahedra and Si tetrahedral (position 1) [2]. While, XAFS investigations of 
Nd(III) and low concentrated Zn(II) uptake to C-S-H reveal that these metal ions tend to be incorporated in 
the interlayer of the C-S-H structure (position 2) [3-4]. Further studies on Nd(III) as well as Eu(III) uptake on 
crystalline C-S-H have shown that for long reaction times these metal can also substitute for Ca in the Ca 
sheets (position 3) [4-5].  

In order to answer the question whether or not the competition between two metals having a similar 
sorption behaviour has an influence on the binding mechanism and the coordination environment of these 



metals in the C-S-H structure, 11 Å tobermorite was doped at the same time with Nd and Zn. The 
concentrations of both elements were about 50 000 ppm. The Nd doped samples reacted over months, while 
the contact time with Zn varied from 1 to 6 months. EXAFS spectra were collected at the Zn K-edge and the 
Nd LIII-edge. Fig 2 shows the Zn K-edge collected spectra together with reference samples of tobermorite 
doped with Zn solely for the same reaction times. The reference spectra (Fig.2a) show a shoulder forming at 
~ 3.8 Å-1 after 6 months reaction time, whereas a clear difference is observed between 5 and 7 Å-1 with 
ongoing reaction time. In this latter k-region the experimental spectra reveal distinct dissimilarities to the 
references, especially with prolonged reaction times. These differences observed between the references and 
the experimental spectra suggests that Nd has an influence on the incorporation of Zn in the tobermorite 
structure. The corresponding Fourier Transformed spectra show marked differences at higher shells between 
2.5 and 3.5 Å (Fig.2b). The ongoing data analysis indicates that for all samples Zn has a tetrahedral 
coordination environment with Zn-O distances of 1.96 Å comparable to Ziegler et al [3]. 
All NdLIII EXAFS spectra (not shown) are quite similar to each other suggesting that the Nd uptake process 
is comparable in all samples. Nd is octahedrally coordinated with Nd-O distances of 2.45 A in accordance 
with Mandaliev et al [4]. Development of a structural model of metal competition is ongoing. 
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Fig 1. The crystal structure of 11 Å tobermorite with possible 
positions of Ca in the Ca layers and interlayer Ca (●●●) as well 
as positions of structural oxygens and water molecules in the 
interlayer (●●●). Potential sites for metal sorption and structural 
incorporation (●●●) are labelled 1, 2 and 3. 
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Fig. 2. Zn K-edge EXAFS (a) and the corresponding Fourier Transformed spectra (b) of 11 Å tobermorites 
samples doped with 50 000 ppm Nd and Zn and 11 Å tobermorite references only doped with 50 000 ppm 
Zn. The numbers 1/3/6 labelling the spectra indicate reaction times of 1, 3 and 6 months. 


