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The interaction of smectites with corroding steel/iron represents a crucial topic in the estimation of the long
term confinement properties of clay barriers for the encasement of steel/iron containers. Especially in case
of engineered clay barriers a possible deterioration of favourable smectite properties as response to
corrosion could reduce the barrier capacity. The extent of this reduction is unknown, yet.

The essential properties of bentonite clays in this context are on the one hand the relatively high swelling
pressure together with low hydraulic conductivity, which results from the well known expandability of
smectite interlayers in aqueous environments. On the other hand smectites are cation exchangers being able
to long term encase radioactive cations in a way that negative charges of silicate layers are compensated
by easily exchangeable hydrated cations. Both properties are directly related to the crystal and chemical
composition of smectites.

The nature of the corrosion of steel canisters in clay barriers will – after a first short aerobic phase –
predominantly be anaerobic resulting in the formation of Fe(II) and two equivalents of hydroxide ions
(Natts et al., 1994). In a set of exposition experiments anaerobic corroding iron in bentonite gels was
studied in order to determine alteration of the smectite fraction. During the exposition a green coloration
of the bentonite neighbouring to corroding iron was observed. Upon contact to oxygen in a humid state
the bentonite turned reddish indicating the oxidation of Fe(II) to Fe(III). This observation is in accordance
with reported results indicating the formation of an iron rich smectite (Xia et al., 2005; Wilson et al., 2006;
Carlson et al., 2007). Chemical analysis of the “green bentonite” reveals an increase of iron fraction e.g.
from 3.4%mass to 9.3%mass. The adsorbed iron is predominantly Fe(II) which was proven by chromatometric
titration. The estimated ratio between silicon to increased iron content is Si : Fe ≈ 2. Opposing to reported
suggestions, such a large increase in iron fraction can not sufficiently be explained by a simple cation
exchange between Fe(II) and the layer charge compensating cations. XRD diffraction of the
green bentonite in comparison to the raw bentonite material exposed a new broad peak corresponding to
a 7.2 Å - 7.4 Å phase. This new phase is not swellable with ethylene glycol. The major mineral of the
bentonite is still smectite which swells upon treatment with ethylene glycol.

The results are consistent with either an intercalated trioctahedral iron hydroxide or an intercalated single
layered double hydroxide phase such as Fe(II-III)(OH)2 (analogue to fougerite, a green rust mineral),
respectively (Figure 1, right hand side). A possible model explaining the formation is discussed based on
the initial cation exchange of interlayer cations with Fe(II) and subsequent growth and formation of an
trioctahedral iron hydroxide sheet (Figure 1). The consumed ratio of iron to hydroxide matches the ratio
produced by anaerobic corrosion.

The model is similar to the initial reaction pathway proposed for the smectite to chlorite alteration via a
solid state transformation (Robinson et al., 1994). Therefore it is possible to assume that the Fe-smectite
represents an intermediate to the formation of a Fe-chlorite, which was identified e.g. by Lantenois et al.,
at exposure experiments at elevated temperatures. However, in contrast to the proposed mechanism our
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model does not involve the energy demanding dissolution and subsequent recrystallization of silicate layers
but follows the well known cation exchange and a subsequent crystallization. This could explain the high
degree of alteration of smectite to Fe-smectite that can be deduced by the amount of incorporated iron.
However, additional dissolution – precipitation processes, particularly induced by the high pH, can not be
excluded.

With respect to unaltered bentonite, the altered bentonite exhibits increased hydraulic conductivity and
lower swelling pressures together with a reduced cation exchange capacity (Carlson et al., 2007), reducing
its performance as barrier material. The proposed model predicts an ongoing alteration from smectite to
Fe-smectite until the exhaustion of one compound. These findings should be taken into consideration in
the design of radioactive waste confinement facilities.
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Figure 1: Schematic model of the formation of iron rich green reaction products.


