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WHY BENTONITE?

EXPERIMENT BREAKDOWN

- Low hydraulic permeability (in saturated state);
- Swelling pressure (self-sealing ability and closes gaps in the
installed barrier);
- Stable for a long time (for millions of years).

Fig. 1. Canadian Deep Geologic Repository (DGR) Concept3
But bentonites could contain suitable electron-donors and -acceptors,
as well as microorganisms like sulfate-reducing bacteria, which can
affect microbial-influenced corrosion in DGR.

GEOCHEMICAL ANALYSIS

MICROBIAL DIVERSITY ANALYSIS
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Fig. 2. Redox potential of control samples and mesocosms, which
contained iron coupons (Fe – supernatant from the mesocosm, which
contained cast iron coupon, Fe + H2 – cast iron coupon and hydrogen, Fe +
lac - cast iron coupon and 5mM of sodium lactate).
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- Ribosomal intergenic spacer analysis (RISA) was
performed for the Calcigel and MX-80 samples
with metal coupons and substrates, and all the
control samples.
- RISA fragments of different lengths were apparent
and represent different bacteria. The results show
major differences in microbial community
compositions with respect to a bentonite type,
metal coupon and substrate used.
- In addition, from the DNA extracted from MX-80
and Calcigel 16S rRNA gene fragments could be
amplified. This was not the case for B25 bentonite.
- The conditions used in the experiment are not
favorable for bacterial growth in B25-bentonite
compared to MX-80 and Calcigel. Microbial
communities in MX-80 and Calcigel setups are
better adopted to the conditions used in the
experiment setup.

Fig 4. Ribosomal intergenic spacer (RISA) analysis
from selected samples (-/- – no coupon, no substrate,
Cu/H2 – copper coupon and hydrogen, Cu/Lac – Copper
coupon and 5 mM of sodium lactate, Fe/H2 – slurry from
the mesocosm with cast iron coupon and hydrogen,
Fe/Lac - cast iron coupon and 5 mM of sodium lactate).
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SURFACE ANALYSIS
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Fig. 3. Sulfate content of selected mesocosms measured by ion
chromatography (Fe – supernatant from the mesocosm, which contained
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a)

cast iron coupon, Fe + H2 – cast iron coupon and hydrogen, Fe + lac - cast
iron coupon and 5mM of sodium lactate).

- Geochemical data from Eh measurements show highly reduced
conditions for all of the setups with cast iron coupons, which is
favorable for bacterial reduction processes.
- Results from sulfate concentration measurements show that
consumption of sulfate took place with different rates. The most
significant changes are observed for MX-80 and Calcigel setups.
For these samples sulfate reduction took place, the nature of which
is probably microbial.

SUMMARY
§ Signs of microbial activity
were found in all of the
components of the mesocosms (solution, clay and
metal plates) with MX-80
and Calcigel, but not with
B25 bentonite.
§ Further investigations are
the characterization of the
microbial
community
structures and microbial
influenced corrosion with
e.g. FIB-SEM.

b)

-

SEM data showed a severe damage of the surfaces for all of the samples, except the B25 sample with no substrate.
Fig. 5a shows different carbonate-structures found on the surface of the coupons incubated with MX-80 and Calcigel
bentonites, which could be a sign of CO2 corrosion.
Iron sulfides (Fig. 5b) were found in all of the hydrogen-spiked samples and in Calcigel as well as MX-80 samples with
no substrate. Such structures are the characteristic products of SRB-induced corrosion4.
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Fig. 5. SEM micrographs with EDX-data of two zones (with carbonates (a) and sulfates (b)) of the cast iron coupon
incubated with MX-80 bentonite and hydrogen substrate.
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NEXT STEPS
§ Sequencing of the 16S rRNA gene
fragments of selected samples
(MX-80, Calcigel)
§ Metal coupons topography characterization (White-Light Interferometry)
§ Metal coupons’ surface characterization with FIB-SEM
§ Bentonite analysis (XRD, RAMAN)
§ Selection of the bentonite for a new
microcosm setup and sorption
studies on microbially transformed
bentonite (with Eu, Cm, Pu)
§ Setup of an upscaling „flow-cell“experiment
with
compacted
bentonite
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