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Abstract. Spheroidal graphite cast iron (GGG40/0.7040) is used as an overpack material for the reference Pol-
lux 10 container, a prototype for the storage of fuel elements in different types of host rocks (Hassel et al., 2019).
Corrosion processes are expected to be triggered after some decades, as the contacting bentonite, which is used
as fill material, becomes soggy because of the decay of the fission heat generation and the intrusion of pore
water as the temperature decreases under the condensation point (King and Padovani, 2011). The distinct elec-
trochemical reactivities of the graphite, ferrite, pearlite, and cementite phases exposed by this material introduce
local galvanic elements which influence the topographic evolution of degradation (Spence, 2005). The aim of
this work is to elucidate the corrosion dynamics of active and passive areas by following the chemical evolution
at the interface of cast iron–bentonite during the first stages after its saturation with geological pore water. Polar-
ization experiments and electrochemical impedance spectroscopy were applied to monitor the corrosion process
in a bentonite cell, where GGG40 steel is put into contact with a light compacted Wyoming bentonite slurry
1 : 10 w/w of bentonite to Opalinus Clay pore water (Fig. 1a). Experiments were performed at 30 and 50 ◦C
for longer than 3 months. The surface chemistry and morphological changes were investigated by local XPS,
SEM-EDX, and TEM (X-ray photoelectron spectroscopy, scanning electron microscopy with energy dispersive
X-ray, and transmission electron microscopy, respectively). These experiments were complemented with corro-
sion studies performed in pore water under different temperatures, hydrostatic pressures, and pH and with and
without dissolved oxygen.

The polarization curves indicate a constant corrosion rate of GGG40 steel in saturated bentonite after 30 d.
SEM micrographs reveal a preferential dissolution of the ferrite phase around the graphite spheres and the ferrite
lamellae contained in the pearlitic eutectic. A strong localized dissolution of ferrite along the graphite boundary
can be also observed; this is a typical case of crevice corrosion caused by the unhindered access of oxygen to
the graphitic cathodic areas (Wang et al., 2022). The surface chemical studies indicate the accumulation of iron
oxides, which can be attributed to a hydrated magnetite and the formation of iron silicates (Zhang et al., 2021).
TEM pictures of a cross-sectional lamella, including part of graphite sphere, show the formation of a silicate film
covering the corroding surface with an irregular adherence (Fig. 1b).

The initial relatively high corrosion rate of GGG40 steel can be attributed to the dissolution of the more
active ferrite with the formation of poorly passivating iron oxides and silicates. The system is driven towards
the dissolution of pearlite at more positive electrode potentials. The bentonite slurry limits the access of oxygen
to the graphitic cathodic areas, reducing the corrosion rate by 1 order of magnitude in comparison with that in
aerated pore water. A surface enrichment of cementite with superior passive properties and the neutralization of
the local elements by approaching the corrosion potential of graphite (Kadowaki et al., 2019) is also expected.
Thus, the consumption of oxygen and the transport limitation of the cathodic reaction by bentonite forecast a
considerable reduction in the degradation of the container after a sacrificial corrosion phase.
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Figure 1. (a) Schematic representation of the bentonite-cell. (b) SEM picture of the surface of GGG40 steel after 3 months of corrosion when
in contact with saturated bentonite. The images on the right of panel (b) show the TEM of an interfacial cross section with EDX analysis.
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