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The bituminous waste which is part of the intermediate level, long-lived waste (MAVL) is characterised,
amongst others, by the coexistence of nitrates, sulphates, organic matter, native metals and hydrogen gas
in the waste mixture and package. It can be considered as the most complex example that will be used to
discuss redox reactions occuring in such waste mixtures.

The evaluation of the redox conditions requires quantification of the amount of electron acceptors and
donors and definition of the kinetics of redox reaction.

The objectives of an experimental study to unravel some of these reaction complexities are:

– to investigate nature and rate of sulphate and nitrate reduction by hydrogen in the presence of different
catalysts (stainless steel, hastelloy, magnetite and argilite);

– to compare sulphate and nitrate as electron acceptors;

– to provide a mechanistic model of these reactions.

It is well known that reduction of sulphate and nitrate requires high activation energies (Truche et al., 2009;
Honda et al., 2006), usually supplied either by thermal processes or via bacterial and surface catalysis, of
which the latter has been investigated in this study.

Preliminary experiments performed at 150°C and under H2 pressure show that sulphate reduction is
enhanced in the presence of magnetite, but essentially under the restricted condition of low sulphate
concentration and at a pH below the Point of Zero Charge of magnetite (Mansour, 2008 and 2009). This
suggests that sorption of sulphate contributes to the catalysed reaction (at low pH) but provided that the
magnetite surface sites are not saturated with respect to aqueous sulphate (low concentration).

On the contrary, nitrate reduction is observed whatever the pH and the nitrate concentration in the presence
of both magnetite and hastelloy C276 (Ni, Cr, Mo, W, Fe alloy).

Figure 1 illustrates the effect of temperature on the rate of nitrate reduction (500 ppm KNO3 solution) by
comparing three different experiments conducted in Hastelloy C-276 reactors at 150, 200 and 250°C and
one run conducted in a pure Titanium reactor. In the Hastelloy reactor, the nitrate reduction occurs only
when H2 is present and the modelled nitrate half-life would be 4000 yr at 90°C (thermal peak of the
geological waste storage). In the Titanium reactor no reaction is observed (or extremely slow) even at high
H2 partial pressure.

Based on these observations, we concluded that under the chosen experimental conditions sulphate
are more sorely reduced than nitrate, likely because of the symmetrical configuration of the molecule,
and that the reaction requires a co-sorption of H2 and SO4

2- leading to hydrogen radicals and
weakened S-O bond at the same place (and time). This reaction can be compared to a Langmuir-
Hinshelwood mechanism observed in gas-solid systems. By contrast, the catalysed reduction of
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nitrate does not require the sorption of NO3
- (no pH neither saturation effect) and is more likely

related to the Eley-Rideal mechanism (Rodriguez-Maroto et al., 2009; Fan et al., 2009) encountered
in gas-solid systems.
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Figure 1: Variation of nitrate concentration as a function of time at 150, 200, 250°C and 8 to 17 bars H2
pressure. These experiments were conducted in titanium and Hastelloy-C276 reactors, and show the effect
of Hastelloy as a catalyst for the reaction.


