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Corrosive Characteristics of Metal Materials by a
Sulfate-reducing Bacterium
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ABSTRACT : To understand characteristics of biogeochemical corrosion for the metal canisters that
usually contain the radioactive wastes for a long-term period below the ground, some metal materials
consisting of cast iron and copper were reacted for 3 months with D. desulfuricans, a sulfate-reducing
bacterium, under a reducing condition. During the experiment, concentrations of dissolved metal ions
were periodically measured, and then metal specimen and surface secondary products were examined
using the electron microscopy to know the chemical and mineralogical changes of the original metal
samples. The metal corrosion was not noticeable at the absence of D. desulfuricans, but it was rela-
tively greater at the presence of the bacterium. In our experiment, darkish metal sulfides such as
mackinawite and copper sulfide were the final products of biogeochemical metal corrosion, and they
were easily scaled off the original specimen and suspended as colloids. For the copper specimen, in
particular, there appeared an accelerated corrosion of copper in the presence of dissolved iron and
bacteria in solution, probably due to a weakening of copper-copper binding caused by a growth of
other phase, iron sulfide, on the copper surface.
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Fig. 1. A color change of serum bottles as a function
of time, which contained a small cast iron plate
specimen in a buffer solution with and without D.
desulfuricans SRB.
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Fig. 2. A color change of serum bottles as a function
of time, which contained a small copper plate speci-
men in a buffer solution with and without D. desulfu-
ricans SRB.
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Fig. 3. SEM images for the changed surface of original cast iron specimens that were reacted with and without
SRB for 90 days. Arrows on the SEM-EDS spectra indicate the existence of oxygen and sulfur elements in the

samples.
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Fig. 4. SEM images for the changed surface of original copper
for 90 days. An arrow indicates an etch pit developed on the
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Fig. 5. Concentration curves of iron that was released
from the cast iron specimens with time as it was
corroded by itself or by SRB in a buffer solution.
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Fig. 6. Concentration curves of copper that was relea-
sed from the copper specimens with time as it was
corroded by itself or by SRB in a buffer solution.
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Fig. 7. Chemical analyses (elemental mapping and EDS spectrum) for a biocorroded copper specimen using HR-TEM.
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Fig. 8. TEM images for (a) a biocorroded secondary precipitate from the copper specimen and (b) an enlarged
view of a small area of (a) image showing lattice fringes of lepidocrocite particles (arrows). An inset in (a) image
shows a SAED (selected area electron diffraction) pattern for the copper secondary material.
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