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Repository in deep geological formations is considered as a possible solution for long-term high-level
nuclear waste (HLW) management. The concept generally consists in a multiple barriers system including
steel canister in a clay host rock. Heat and radiation emissions by HLW, corrosion of the canister and
desaturation/resaturation of the clay may affect the properties of the geological formation. In this context,
the possible mineralogical evolutions of clays in contact with metal iron were studied in various conditions
simulating those of HLW repository. Most of these studies were carried out at a constant temperature
whereas the system will undergo a thermal gradient in time (progressive decrease of the temperature of the
HLW with the decrease of its activity) and space (from the waste to the host rock). A thermal gradient may
imply mass transport phenomena by convection and diffusion processes as a function of temperature,
gradient intensity and the nature of the chemical elements.

Here we show the effect of a thermal gradient in space on the interaction between the argilite from the
ANDRA underground laboratory at Bure (Meuse/Haute-Marne) and metal iron. Tube-in-tube experiments
were carried out (Figure 1). Argilite was put in two previously drilled platinum capsules (∅holes: 200 µm).
Metal iron (powder and plate) was added in one of the Pt capsule. The Pt capsules were then loaded at the
two ends of a gold tube. A fluid (H2O or a saline solution) was added and the gold tube was sealed and
regularly pinched to form 5 precipitation niches. The iron/argilite mass ratio ranged between 0.3 and 0.5
and the fluid/argilite mass ratio was around 10. A thermal gradient 80°C-150°C or 150°C-300°C was
applied to the tube during 3 and 6 months. The end of the gold tube with the Pt capsule containing iron
was placed at the hot point (max. temperature 150°C or 300°C) or at the cold point (min. temperature 80°C
or 150°C). At the end of experiments, the tubes were quenched and cut into 5 sections. The particles
collected in each of the five sections of the gold tube and in the two platinum capsules were characterized
by SEM, TEM-EDS and XRD.

The argilite is mainly composed of clay minerals (illite, interstratified illite/smectite, and a few amount of
chlorite and kaolinite) with calcite, dolomite, quartz, pyrite, muscovite and felspars. After reaction, the clay
particles are Fe-enriched and some of the accessory minerals are dissolved (or oxidized) depending on
experimental conditions. Iron is oxidized into magnetite and sometimes siderite.

Figure 1: Scheme of the experimental design of the thermal gradient experiments.
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Among the accessory minerals, quartz, dolomite, pyrite and felspars are the most reactive. Oxidized pyrite
is observed on SEM microphotographies. Dolomite, felspars and quartz are probably dissolved. The
dissolution of quartz indicates that the medium becomes alkaline. Calcite is less affected, probably because
it is more stable under alkaline conditions.

The morphology of the clay reaction products depends on the Fe content. The initial illite morphology
(voile) evolves toward flakes, platelets and hairy aggregates with increasing Fe content (Figure 2). At
300°C, Fe-rich clay minerals are Fe/Mg-chlorite with platelet morphology. At 150°C, Fe-rich clay particles
are Fe-serpentine products with hairy aggregate morphology. Flakes have a lowest Fe-content and are less
crystallized. It could be an intermediate reaction product.

In newly formed clay minerals, Fe replaces Al in octahedral sheets, and is also present in tetrahedral sheets
in place of Si and Al in the most transformed products. Al from octahedral sheets replaces Si in tetrahedral
sheets. The becoming of Si and Al escaped from tetrahedral sheets is not solved. Mg escapes from
octahedral sheets toward the hot point when iron was initially placed at the cold point. It enriches the
octahedral sheets of the newly formed clay minerals above 200°C. Finally, complex movements of Na, Ca
and K in the interlayer space of clay minerals assure charge balance.
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Figure 2: Morphologies of the initial illite (A) and of the reaction products (B, C, D) in the clay phase.
B: flakes; C: platelets; D: hairy aggregates.


