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Abstract—  Microbiologically Influenced Corrosion (MIC) is a 

huge problem for components put into service in unclean 
industrial systems and marine environment. Because of this, 
developing new and more effective testing methodologies for the 
study of this form of corrosion is surely an important need. An 
innovative approach consists in the use of Microbial Fuel Cells as 
environment in which carry out tests to assess the resistance of a 
specific material to MIC. This new methodology will be 
described, presenting possible studies that can be performed and 
information that can be gained. Moreover, a new measuring 
setup has been developed, that enables researchers to get more 
specific information about the test, assessing all current flows 
inside the Fuel Cell. Two different materials (Carbon Steel and 
Stainless Steel) have been used to carry out different experiments 
and validate the methodology employed. Results obtained with 
this measuring system have been then compared with those of a 
simpler setup, showing the effectiveness of this apparatus in 
studying MIC. 

Keywords—Microbiologically Influenced Corrosion; Microbial 
Fuel Cell 

I.  INTRODUCTION  
Both unclean industrial systems and seawater are a harsh 

environment for metals from the corrosion resistance point of 
view. The presence of salts (chlorides in particular) can lead to 
corrosion rates much higher than in any other environment. 
Because of this, specific alloys are designed for these 
applications and ad-hoc studies must be carried out to 
characterize their behavior. Moreover, Microbiologically 
Influenced Corrosion (MIC) is an important form of corrosion 
in these environments. This form of deterioration can affect 
both metals and non-metallic materials (such as polymeric 
paints) and is due to the action of bacteria naturally present in 
seawater or in soil. Cases of MIC are encountered in pipelines, 
platforms, wells, cooling systems and storage tanks [1]. 

Considering the specific case of metals, microorganisms can 
initiate processes that increase the corrosion rate, catalyzing the 
redox reactions that occur also in a sterile environment. The 
most important mechanisms are: concentration cells, cathodic 
and anodic depolarization and reactions within the biofilm that 
lead to the production of sulfides or acids [2].  

It is thus of paramount importance using suitable 
techniques in order to characterize the corrosion resistance of a 
material in an environment containing bacteria. An adequate 
test should reproduce the environment where the material will 
be put into service and enable to fully characterize the 
mechanism responsible for the degradation. Methodologies to 
study MIC in laboratory are often based on the simple 
exposition of samples to a solution that replicates the 
conditions that the component will face when operating [3], 
[4]. Electrochemical potential of the material can be measured 
and monitored as a function of the immersion time in order to 
assess the effect of the aggressive solution on the material; 
moreover, polarization resistance can be used to quantify the 
corrosion rate and EIS (Electrochemical Impedance 
Spectroscopy) to determine the properties of the metallic 
surface (if a passive film is present or the metal has an 
electrochemically active behavior) [5], [6].  

A more sophisticated methodology for assessing the MIC 
susceptibility has been proposed about three decades ago by B. 
Little: the dual cell technique (also named split cell or 
biological battery) [7]. Two identical electrochemical cells are 
separated by a membrane; two samples of the same material 
are immersed in each chamber and then electrically connected. 
In one of the two cells, bacteria are added to the solution in 
which the specimen is immersed and the galvanic current 
between the two electrodes is measured. Actually, the 
difference in corrosion potential at which the two samples 
stabilize is due only to the presence of bacteria in one of the 
two cells, so the influence of this specific mechanism can be 



quantified. Indeed, this technique, even if theoretically very 
elegant, has never been widely applied because it is fairly 
difficult to realize and furthermore the results are not always 
compliant with in-field results. Actually, in a dual cell, only 
one strain of bacteria is inoculated in the chamber, while real 
cases attest the presence of a large variety of bacteria 
typologies.  

A new approach in the study of MIC is the use of Microbial 
Fuel Cells. Microbial Fuel Cells (MFCs) are innovative tools 
that exploit the activity of bacteria in order to produce energy 
[8], [9]. If they are used for energy production, the electrodes 
must be not consumed by the reactions involved [10]. In the 
case of exploiting them for corrosion test, the anode is 
constituted by the material to be studied and it can also be 
degraded during the test. In the case of Double Chamber 
Microbial Fuel Cells, the conception is quite close the one of 
the dual cell: two chambers are separated by a semi-permeable 
membrane and only one of the two is in aerobic conditions, 
while the other is in anaerobic conditions. This difference in 
electrochemical potential gives rise to a current flow between 
the anode (the sample in aerobic conditions) and the cathode 
(the sample in anaerobic conditions) that can be measured and 
can characterize the susceptibility to microbial corrosion of the 
material. The main advantage is that in this case a great variety 
of bacteria strains is present in the cell and this leads to results 
closer to those encountered in real conditions. A further 
innovation is represented by the employment of Single 
Chamber Microbial Fuel Cell (SCMFC). In this configuration, 
the anode and cathode are represented by graphite clothes 
covered by living substrates of bacteria; the anode is in 
anaerobic conditions, while the cathode is in aerobic 
conditions. The sample is connected to the anode of the cell 
and inserted in the electrolytic solution (containing bacteria). In 
this way, the material is tested in an environment characterized 
by the presence of active bacteria [11] (their activity is 
demonstrated by the electrical output of the fuel cell before 
connecting the metallic sample) and current flows between 
anode and cathode can be fully characterized.  

Previous works have used the technology of Single 
Chamber Microbial Fuel Cells in order to test materials to 
MIC. Aim of this research work is to specifically measure all 
the currents flowing inside the fuel cell in order to quantify all 
the contributions and better understand the mechanism 
exploited with this cell. The materials under study were 
Stainless Steel and Carbon Steel, in order to highlight the 
behavior of the system under different conditions. 

II. SINGLE CHAMBER MICROBIAL FUEL CELL 
The Single Chamber Microbial Fuel Cell (SCMFC) is a cell 

composed of an anode and a cathode immersed in the same 
electrolytic solution. Anode and cathode employed in this 
study were carbon clothes with a living biofilm on them [12]; 
the geometric areas of the two electrodes were respectively of 
about 16 cm2 and 9.1 cm2 (the anode is square-shaped, while 
the cathode has a circular shape). The inoculum for bacteria 
inside the solution was wastewater from a depuration plant. 
The solution volume inside the cell was approximately  
0.125 L. The electric power produced by the SCMFC was used  

as an indicator of the bacteria activity: when the power output 
dropped to about 1% of the initial output, sodium acetate was 
added inside the cell to reach a concentration of 3g/L in order 
to feed the bacteria preventing their death. Organic matter is 
oxidized by the bacteria and these redox reactions supply the 
electrons that give rise to the electrical output of the cell. The 
Fuel Cell operated at a temperature of 30±3°C during the 
whole experimental activity.  

Initially the anode and cathode potentials with respect to a 
standard Ag/AgCl reference electrode was measured by 
inserting such electrode inside the cell. Table 1 shows the 
values measured both with an open circuit and with a load 
resistance of 200 Ω.  

The values appear rather different, so an additional test was 
performed before starting the tests to understand the reason of 
such difference. In these preliminary tests the cell power output 
was characterized as a function of the applied load. A set of 
resistors of increasing value was connected between anode and 
cathode and the resulting voltage was measured. Fig. 1 shows 
the results obtained on two different cells. In both cases a 
maximum power of the order of 30-40 µW was obtained with 
resistances of the order of 400 Ω, while for resistances below 
200 Ω the power decreased linearly. The behavior is quite 
similar for both cells therefore the bacterial activity, apart from 
the absolute anode and cathode potential, can be considered 
similar. For this reason, all tests were performed by employing 
a load resistance of 200 Ω corresponding to a current of the 
order of 400 µA. 

III. MATERIALS UNDER STUDY 
The materials used for this study were Carbon Steel (Q-

Panel standard test substrate, purchased by Q-Lab) and 
Stainless Steel (AISI 304). The aim was to test the SCMFC 
under two different conditions: in the first case, by assessing 
the corrosion behavior of a material characterized by a poor 

Table 1 – Anode and Cathode potentials vs Ag/AgCl (3M 
KCl) in the experimental conditions considered.  

Conditions Anode Cathode 

Open circuit -444 mV -132 mV 

Load = 200 Ω -418 mV -340 mV 

 

  
Fig. 1. Power output as a function of the load resistance applied  



corrosion resistance to show how the measuring apparatus 
works and highlight the information gained. In the second case, 
with a material more appropriate for application involving 
MIC, to show the behavior of an alloy characterized by 
passive-active electrochemical behavior. Samples of both 
metals were cut to the dimensions of 11 mm x 11 mm and then 
mounted in a polymeric resin. The surface was polished until 
grit 2000 in order to avoid a preferential attack due to localized 
defects.  

IV. MEASURING SYSTEM 
During the exploitation of the fuel cell for energy 

production, the load is applied between anode and cathode, and 
the potential drop between the two electrodes can be measured 
and monitored. In order to carry out the corrosion test, the 
sample is connected to the anode and immersed in the solution 
of the cell. In the simple configuration, the voltage between 
anode and cathode is monitored. If corrosion phenomena don’t 
occur, the output of the cell remains constant as before placing 
the sample inside the cell. When bacteria start their activity 
also on the surface of the metal, an additional contribution to 
the current between the two electrodes is given by redox 
reactions of the corrosion process. The limit in adopting this 
basic configuration is that not all the current flows are known 
and it’s not possible to discriminate between the current 
contribute coming from the anode and the one coming from the 
sample. Moreover, the presence of a galvanic coupling current 
could be possible (as the metal and the graphite anode have a 
different electrochemical potential) but it’s not possible to 
measure it (if present). 

In order to overcome these issues, a new measuring setup 
for corrosion assessment has been proposed. Each one of the 
three electrodes (anode, cathode and sample) are connected 
together through three resistors, as illustrated in Figure 2. As 
can be seen in Figure 3, the resistors have been named 
respectively Ra, Rs and Rc; through the measure of the potential 
during the experiment, all currents can be obtained: 

 
where i stands for each one of the electrodes.  

Moreover, Ra and Rc should be chosen in order to have the 
cell working near to the maximum power point. For the 
experimental analysis of the system, three 100 Ω resistors have 
been used (so as to have 200 Ω between anode and cathode). A 
National Instrument NI USB-6216 acquisition board has been 
used to acquire measures in real-time.   

V. RESULTS AND DISCUSSION 
The trend of the three potential drops over the three 

resistors can be seen in Figure 4 (polarity of Va and Vs has been 
inverted in the plot for a better readability). Immediately after 
the immersion of the carbon steel sample inside the cell, a 
sharp peak of current is detected between the specimen and the 
cathode, while the anode is almost excluded (the current 
flowing between anode and cathode drops to zero). After few 
minutes, the situation develops further: part of the current 
flows between the sample and the cathode and the anode starts  

 
Fig. 2. Scheme of the MFC with resistors applied for the measure 

 
Fig. 3. Indication of resistors applied and voltages measured 

again in providing electrons to the cathode. This condition goes 
on for the first hour, when again the current flows only 
between the sample and the cathode. These changes can be 
attributed to the stabilization of the electrochemical potential of 
the metallic specimen inside the solution, which requires time. 
During the whole test, the anode is excluded from current 
flows inside the Fuel Cell, because it stabilizes at a potential 
higher than the steel. After five hours of immersion, extensive 
corrosion of the steel surface can be observed. As an oxide 
layer grows on the metallic surface, its conductivity decreases, 
so bacteria are no more able to provide electrons to it. For this 
reason, current starts to flow again between anode and cathode. 
The contribute of electrons flowing between the sample and the 
cathode decreases until reaching almost zero. It can be 
observed that, at the end of the test (when the sample is still 
connected and immersed in the solution) the fuel cell goes back 
to its initial working condition, reaching a potential between 
anode and cathode equal to the initial one before the immersion  



 
Fig. 4. Voltages measured over Rc, Rs and Ra during the experiment 

performed with the Carbon Steel sample 

 

 
Fig. 5. Picture of the steel sample after the test, with a magnification taken 

at optical microscope 

of the specimen. A further consideration that must be done is 
that the oxide layer grown on the carbon steel is not a passive 
one. Thus, it can be estimated that, in the case it should be 
damaged, the corrosion process would start again oxidizing 
other layers of the material. Moreover, as it is demonstrated by 
the measures performed, no galvanic current can be observed 
between the graphite anode and the metallic sample.  

After the test, the specimen has been removed from the cell 
and dried with ethanol. The surface became black (turning to 
brownish after few hours) and rough (the appearance of the 
sample can be observed in Figure 5). 

The test involving the AISI 304 gave different results and 
showed the different behavior of this class of materials (see 
Figure 6). The immersion of the sample in the fuel cell did not 
perturb the potential drop between anode and cathode. Current 
continued to flow only between these two electrodes, leaving 
the stainless steel unperturbed. As this typology of steels have 
an higher corrosion resistance, more time is required for 
bacteria to colonize the metallic surface and start providing 
electrons also to it (and not only to the anode). During the 19 
hours of the experiment, no signs of corrosion were evidenced; 
because of this, the test was extended to 72 hours, but still no 
changes occurred. Also from a simply visual point of view, the 
surface of the specimen did not show any clue of deterioration. 
These two examples show the great advantage in using this 
measurement setup instead of the simpler one. Measuring only  

 
Fig. 6. Voltages measured over Rc, Rs and Ra during the experiment 

performed with the Stainless Steel 

Rc does not discriminate between the contribution of the   
sample and the one of the anode. Solving all the circuit, it has 
been possible to assess all current flows and discard the 
hypothesis of galvanic corrosion between the anode and the 
cathode. Moreover, the variation in the potential drop measured 
on the resistance connected to the cathode is much less broad 
than the variations that can be measured on the two other 
resistors. 

VI. CONCLUSIONS 
Microbial Fuel Cells are an innovative tool in the study of 

Microbiologically Influenced Corrosion. The main advantages 
in using this technology for corrosion assessment are: the 
simplicity and easiness to carry out tests and the possibility to 
monitor the system more accurately than what it can be done in 
traditional immersion tests. Moreover, in a MFC a great variety 
of bacteria strains is present, so results are more adherent to 
those found in real world. 

A new measuring setup has been proposed to monitor the 
behavior of a sample inside the Fuel Cell. Assessing all three 
contributes of the current flowing through the cell, a deeper 
knowledge on the measuring set-up and of the MIC mechanism 
can be obtained. The system has been tested with two different 
types of material and the different results have highlighted the 
possible responses. Connecting a Carbon Steel sample inside 
the cell, after a period of stabilization the current flows only 
between the sample and the cathode, highlighting the corrosion 
process that affects the material. On the other hand, when a 
material with higher corrosion resistance is connected inside 
the cell, the output of the Fuel Cell remains constant. Long-
term tests are in this case necessary, because bacteria have to 
colonize the metallic surface in order to damage the passivation 
layer present on it. These results have showed the feasibility of 
using a Microbial Fuel Cell for the assessment of MIC. Further 
developments can still be performed; for example a real time 
monitoring of the electrodes potentials could be interesting in 
order to characterize even better the progress of the test. 
Moreover, different kinds of samples (e.g. metals protected 
with organic or inorganic coatings) could also be tested. 
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