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The Deep Geological Repository (DGR) is the most internationally accepted option for the storage of high
radioactive wastes. This confinement is based on the Multibarrier Concept where the engineered barrier is
a crucial safety wise. Nowadays, bentonite is accepted as the best argillaceous material in the engineered
barrier of DGR. Additionally to its well-known physical role, a chemical interaction between lutetium, as
actinide simulator, and the smectite has been demonstrated. The existence of a reaction mechanism, which
was not previously described, based on the chemical interaction between the lanthanide cations and the
orthosilicate anions of the lamellar structure has been identified. This finding has aroused the interest of
the scientific community because lanthanides are used as simulators of high activity radionuclide (HAR)
in agreement with the guidelines established in the bibliography. It has been observed that in conditions
of moderate temperature and pressure a chemical interaction exists between smectites and rare earth
elements (RE) and phases of insoluble disilicate, RE2Si2O7, which would immobilize RE, are generated. It
is remarkable that the reaction extends to all the set of the smectites, although they do not display the same
reactivity, the saponite being the most reactive.

The main isotopes present in the HLW belong to the actinide elements Np, Pu, Am and Cm, in addition
to uranium generated by neutron capture during the fuel combustion process. The study of the mobilization
of actinide (IV) thorough the bentonite barrier is limited because of their radioactivity. However, U(IV),
Np(IV), Pu(IV) and Th(IV) can be simulated by the stable isOtopes of the Zr(IV) and Hf(IV), because they
exhibit ionic radius and physicochemical properties very similar to those of the actinide elements.

It is the main objective of this research to investigate the chemical interaction of Zr(IV) as actinide
simulator with the engineering barrier at conditions close to those of the repository.

Figure 1: XRD pattern of a) saponite, b) bentonite FEBEX and c) bentonite MX80 treated with a Zr(SO4)2
7.3·10-2M solution at 300º C for 48h. s = ZrSiO4 (PDF 83-1375) and o = ZrO2 (PDF 24-1165).
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The methodology used consists in the hydrothermal treatment of different natural bentonites, including
FEBEX and MX-80 bentonites, with aqueous solutions of the mentioned tetravalent lanthanide elements
at subcritical conditions. The reaction products have been analysed with the help of X-ray diffraction,
MAS-NMR spectroscopy and scanning electron microscopy.

The results show that after the hydrothermal reaction two new phases containing zirconium have been
formed, ZrSiO4 and ZrO2, and their ratio depend on the nature of the bentonite. It demonstrates that the
already explored chemical interaction between trivalent radionuclides and bentonite barrier is also possible
with the tetravalent radionuclides.


