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This paper sets out to evaluate the corrosion of ASTM A131 grade A36 carbon steel exposed to
a diesel oil S10 / saline water system and the biodegradation of diesel oil S10 to simulate storage,
transport and fuel use systems during a period of 30 days. The corrosion process was investigated
through electrochemical tests of Open Circuit Potential (OCP), Electrochemical Impedance Spectroscopy
(EIS) and Linear Polarization (LP). The morphology of the corrosion products were analyzed by
Scanning Electron Microscopy (SEM). The results showed that the presence of saline water in the
system containing diesel oil is an aggravating factor which promotes the biodegradation of the fuel

and, consequently, aggravates the corrosion process.
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1. Introduction

Diesel oil is a global energy resource mainly used for
heating and transportation, such as commercial trucks,
construction equipment, all freight locomotives and marine
vessels that are powered by diesel engines. In the United
States of America (USA), for example, approximately 600
million liters of diesel oil were consumed per day in 2016
and forecasts indicate that consumption will increase by
more than 111 million liters / day, by 2040'. However, severe
corrosion processes occur in fuel storage and distribution
systems (diesel and / or biodiesel).

On surfaces exposed to external conditions, the corrosion
of iron by oxygen from the air occurs more frequently,
which is purely an electrochemical process* . In storage
tanks, corrosion and biocorrosion processes occur due to
the small amount of water accumulated immediately below
the layer of diesel oil and / or biodiesel. This accumulation
of water can be from the washing of fuel and biofuel and
the condensation of vapors from both. It is important to
consider the hygroscopic ability of biodiesel to easily absorb
moisture >3, In addition, a limiting factor in the insertion
of biodiesel into diesel is the non-uniformity in the raw
material composition of the biodiesel provided. This may
lead to variations in biofuel processing, storage and transport
conditions. According to Kovacs et al.?, the non-uniformity in
the composition difficults the control of the biodiesel quality,
especially when it comes to moisture content. Consequently,
it promotes the biodegradation process.

The biodegradation of fuel is a major concern for the
industrial sector, because in addition to modifying the
composition and quality of diesel, it can also make it a very
corrosive medium for the metallic materials used in the
tanks. This process is closely associated to the accumulation
of a layer of water at the bottom of the storage tank. Thus,
this accumulation of water contributes to a biodegradation
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of diesel oil and biodiesel and, consequently, it promotes
corrosion®. Since there is no uniformity in the composition
of'biodiesel in the diesel, the identification of the factors that
cause biodegradation of the fuel becomes complex.

Different contaminants in biodiesel storage tanks may be
present in the different stages involved in the processing due to
a diversified cycle of suppliers®. Besides the accumulation of
water below the layers of diesel and biodiesel, there is another
aggravating factor. In the same way as the transportation
of diesel occurs by sea lanes, ships also use many tanks to
storage the biofuel (biodiesel). To maintain the stability of
the ship, a designed system is required so that the reactor is
counterbalanced with sea water. The purpose is to replace
the consumed fuel and compensate for the weight loss of
the reactor automatically. However, when the reactor is
replenished, saline wastewater can remain at the bottom of
the tank. Thus, the presence of saline water may cause fuel
contamination and corrosion of the tank surface exposed to
oil / saline water mixture®.

Therefore, the objective of the research is to simulate
ship fuel storage tanks to understand the dynamics of the
corrosion process. Thus, ASTM A131 G A36 carbon steel
was chosen because it is a naval steel commonly used in the
manufacture of these tanks. In addition, biodegradation of
diesel 0il S10 was also evaluated due to saline contamination
for a period of 30 days. These studies were performed through
electrochemical analysis and scanning electron microscopy.

2. Materials and Methods

2.1 Preparation of the samples

To evaluate the corrosion process, ASTM A 131 grade
A36 carbon steel samples were cut in dimensions of 11.0 mm
x 12.0 mm x 8.0 mm, with an elemental composition (wt.%)
of: 0.25 C, 0.80 - 1.20 Mn, 0.40 Si, 0.04 P, 0.05 S, 0.20 Cu
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and balance Fe. The samples were welded to a copper wire
and embedded with an epoxy resin. Posteriorly, they were
abraded with sandpapers 220, 330, 400, 600, 800 and 1200
mesh. Then they were polished with a3 pm and 1 pm diamond
paste obtaining, in the end, an exposed area of approximately
100 mm?. In order to ensure the 100 mm? bounded region
and to correct embedding process failures it was necessary
to delimit the region with a high - adherence adhesive tape.
Fig. 1 represents the samples used in the electrochemical
tests and their representative diagram.

Figure 1. (a) ASTM A131 grade A36 carbon steel sample used for
electrochemical tests. (b) Representative diagram: 1 - PVC pipe,
2 - epoxy resin, 3 - delimited area of specimens, 4 - encapsulated
copper wire that was welded to metal, 5 - bare copper wire to
maintain electrical contact. The dotted region corresponds to the
stretch isolated with high adherence tape.

2.2 Samples immersion studies in diesel S10/
saline water biphasic systems

Two static immersion studies (without agitation) were
performed in a diesel oil S10/ saline water biphasic system in
NaCl 3.5 wt.%. The first study was performed to observe the
corrosive action on the metal surface over time. The second
study was conducted to observe the biodegradation of the fuel.
In the first study (S1), the specimen was immersed directly
in saline water. In the second study (S2), the specimen was
immersed directly in the oil. Fig. 2 (a, b) shows the immersion
systems for the previously described studies.

2.3 Electrochemical testing

All electrochemical tests were performed in AUTOLAB
Galvanostat/Potentiostat, model PGSTAT 302 N and controlled
by NOVA 1.11 software. A three-electrode electrochemical cell
was used: working electrode (sample of approximately 100
mm?), reference electrode Ag/AgCl, KCl (sat) and a platinum
auxiliary electrode. The conditions of the electrochemical
tests for the S1 and S2 studies are detailed.

2.3.1 Electrochemical tests for the immersion study SI

ASTM A131 grade A36 carbon steel samples were
immersed in the system containing diesel oil S10 / saline
water, during 30 days of exposure, and directly exposed to the
aqueous phase. The electrochemical impedance spectroscopy
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Figure 2. (a) Biphasic immersion system S1, diesel 0il S10/ saline
water in NaCl 3.5 wt.%, with sample immersed in aqueous solution;
(b) Biphasic immersion system S2, diesel oil S10 / saline water in
NaCl 3.5 wt.%, with sample immersed in diesel oil.

assays were performed during a period of 24h, 48h, 1 week,
2 weeks, 3 weeks and 4 weeks. The tests were conducted
under conditions of stable potential, after initial exposure
of 24h, using a frequency range of 1 mHz to 40 KHz and
amplitude of 10 mV.

2.3.2 Electrochemical tests for the immersion study S2

In the second study, tests of open circuit potential were
performed, as well as electrochemical impedance spectroscopy
and linear polarization to analyze the resistive behavior of
the oil in contact with saline water.

The tests were performed indirectly, in which the samples
were immersed in the oil, and after a pre-defined exposure
time (24h, 48h, 1 week, 2 weeks, 3 weeks and 4 weeks)
they were removed and inserted in NaCl 3.5 wt.% solution
to obtain the electrochemical measurements.

The electrochemical test measurements from study S2
were not performed directly on diesel 0il S10, due to the high
resistivity of the medium. In addition, there was a limitation
on the use of commercial electrodes for analysis directly
in oil. According to Tan® corrosion in highly resistive and
heterogeneous media, as is the case under study, is a serious
problem that often causes material failure in industrial and
civil structures such as corrosion under deposit in pipelines.
Corrosion processes in heterogeneous media generally have
complex mechanisms, leading to various forms of localized
corrosion and crevice corrosion. Also for other researchers,
the choice of this method to perform the electrochemical
tests was the way found, due to the difficulty in obtaining
measurements in a highly resistive medium. Matos 7 also
performed indirect measurements, whose metal samples
were separately immersed in fuels and, subsequently,
electrochemical tests were performed on cells containing
0.5 mol L' NaCl solution.
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Before the execution of electrochemical tests, the
samples were immersed in NaCl 3.5 wt.% solution for 17h
to reach the stabilization potential. As standard analysis, a
sample immersed in oil was used, which was immediately
removed and immersed in saline solution, to obtain the
electrochemical measurements.

Subsequently, the electrochemical impedance spectroscopy
test was performed, using a frequency range of 6 mHz at 40
KHz and amplitude of 10 mV.

Linear polarization curves were obtained, applying a
potential range of -0.400 V t0 0.400 V vs Ag/AgCl sat, in relation
to the corrosion potential and scanning rate of 0.333 mV/s.

2.4 Surface characterization

The surface of the samples exposed in NaCl 3.5 wt.%
solution in study S1 were analyzed by Scanning Electron
Microscopy (SEM), TESCAN brand, model MIRA 3. This
analysis was performed to identify the morphology present
in the film deposited on the substrate surface, that is, possible
presence of cells indicating microorganisms and corrosion
products. In addition, SEM analyzes were also performed
to identify the possible occurrence of localized corrosion.
Thus, to remove surface deposits, the corroded samples were
subjected to acid pickling in 26% (w/v) hydrochloric acid
solution for 10 seconds. Then, neutralization was performed
by immersion in 10% (w/v) NaOH solution for 10 seconds
and finally the samples were immersed in isopropyl alcohol
and then in acetone for 10 seconds, respectively.

3. Results and Discussion

3.1 Electrochemical impedance measurements

InFig. 3 (a, b), the Nyquist diagrams and the Bode Phase
and Bode Modulus diagrams are presented respectively, after
the immersion times of 24h, 48h, 1 week, 2 weeks, 3 weeks
and 4 weeks, obtained in the study S1. These diagrams show
the behavior of the corrosion process for ASTM A 131 grade
A36 carbon steel exposed to the diesel 0il S10/ saltine water
(NaCl 3.5 wt.%) biphasic system.

As seen in Fig. 3a, there is a tendency of decreasing the
diameter of the capacitive arcs over the exposure time in
the corrosive medium. This reduction is associated to the
occurrence of a corrosion process on the surface of the metal
exposed directly to the aqueous phase of the diesel / saline
water system. The formation of the semicircles indicates
the presence of both resistive and capacitive components,
contributing to the variation of the impedance values.

Generally, resistive components may be associated with
the deposition of biofilm on the metal surface in addition to
corrosion products. These deposits act as a barrier, making
it difficult to the electrolyte access to the substrate. In static
conditions, as in the case studied, there is the formation
and development of a non-compact film that is showing

porosity and consequently, favoring the permeation of the
electrolyte. The accumulation of charge on the surface, due
to this permeation, could promote a capacitive contribution
to the system®.

The analysis in the Nyquist and Bode Diagrams (Fig.
3 a-b) at higher frequency region show very low and close
impedance values, indicating that there was little change in the
solution resistance value in function of the immersion time.
This behavior can be associated with the high conductivity
of the medium. However, this high conductivity should
not be correlated with a high corrosive action, as in high
frequency regions it is not possible to make associations
with the nature of the film or deposits formed on the metal
surface, which may be soluble or insoluble in the medium.

Fig. 3b shows the graphs of Bode Phase and Bode
Modulus overlapped. In both graphs, at low frequencies,
the behavior of the material was evaluated. As seen in the
Bode Modulus graph, there was a decrease in the impedance
modulus with increasing electrolyte exposure time.

This behavior may be associated with the morphological
nature of the film deposited on the metal surface. Probably
the formation of more homogeneous and less porous deposit
initially occurred, which made it difficult to the electrolyte to
reach the surface. Over time, there was detachmet of deposits
causing portions of the surface of the sample to be exposed
to the electrolyte once again. Consequently, the deposits of
porous layers were continuously formed, thus contributing
to the reduction of the impedance modulus of the system °.

Fig. 3b, at medium frequencies region, an increase in the
value in the phase angle was observed, which can be attributed
to the charging of the double electric layer. In addition,
the formation of porous layers of corrosion products with
consequent surface exposure due to electrolyte permeation,
contributes to intensify the performance of the capacitive
components of the system. In this region, the angles tend
to become higher.

Values close to 90° allow greater capacitive contribution
to the system’s impedance modulus. The results show that
initially, the permeation by these pores is smaller and it
becomes more accentuated as the exposure time increases.

Lopes ° analyzed the corrosion processes in carbon
steel in the petroleum industry. In his study, comparisons
of the corrosive action of the 0.1M Na,SO, solution on the
material were conducted, for the periods of 7 and 30 days
immersion. He observed that the products initially formed
on the metal surface promoted a more effective protection
against corrosion, observing, in this case, superior potential
values. For the EIS tests, it was observed in the Nyquist
digrams, a behavior similar to that found in the present
study. There was a reduction of the capacitive arc for higher
exposure times to saline solution, indicating that for longer
exposure times, the deposits become more susceptible to
electrolyte permeation and consequently to corrosive attack.
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Figure 3. Study S1: (a) Nyquist diagrams; (b) Bode Phase and Bode Modulus diagrams of ASTM A 131 grade A36 carbon steel immersed
in diesel oil S10 / saline water in NaCl 3.5 wt.% as a function of the exposure time.

3.1.1 Development of the Deposit Formed on the
Surface

Fig. 4 shows photographs of the region of the samples
exposed to immersion tests over a period of 30 days. As
observed, there is deposit formation with two distinct
configurations: the first with a more compact appearance,
formed immediately above the substrate (black layer), and
the second with a flocculent characteristic, which appears
to be more porous and superimposed on the first layer
(yellowish layer).

Vieira ', when studying the corrosion and biocorrosion
processes caused by petroleum industry fluids, observed that
these types of systems are complex due to the amount of
variables involved. The exposure time may interfere in the
formation of the layer, which becomes increasingly thick, in
such a way that a detachment can occur, which contributes to
the formation of even more porous layers. This mechanism
can facilitate the acces of the electrolyte to the substrate and
favor the occurence of corrosion process, resulting in smaller
capacitive arcs for longer exposure times.

However, when discussing the initial behavior of the
immersion process, Zhang and Cheng ' also found similar
answers in their studies. The initial corrosion process was
very intense, due to the aggressiveness of the medium, leading
to the formation of a more compact layer. Thus, when this
resistive layer was formed, a barrier was established, which
made difficult a direct contact between the electrolyte and
the substrate. According to the authors, this physical barrier
promoted the increase of the resistance to charge transfer.
Thus, there was the formation of larger capacitive circles,
characteristic of a resistive tendency. This behavior was also
observed in this study in the initial immersion process, where
the capacitive arcs were higher at 24h and 48h.

According to Tribollet and Orazem'? these deposited
layers show that the interface between the two films can be
considered an equipotential plane, thus allowing the separation
ofthe two deposit parts. The outermost film is much thicker
than the innermost film, which is immediately deposited on
the surface and has few pores. For a better understanding
of the system, it is observed that the innermost film should
correspond to the film formed from corrosion due to the
preferential dissolution of ferrite, while the outermost
film results from the precipitation caused by the elevated
concentration of ion in the corrosive medium.

3.1.2 Surface morphological analysis

Fig. 5 shows the micrograph of the deposit formed
on the surface of the ASTM A131 grade A36 carbon steel
after 30 days of immersion in diesel oil S10 / saline water
(NaCl 3.5 wt.%).

Although the study is not directly related to microbial
corrosion, it was possible to observe the presence of
microorganisms, probably bacteria in the form of rods,
besides the corrosion products formed on the metal surface,
as shown in Fig 5 (a, b), respectively. In addition, the
presence of saline water accelerated the corrosion process
and promoted the formation of localized corrosion on the
surface of the sample, which can be observed after the acid
pickling process to remove the adhered film, as can be seen
in Fig. Sc.

These observations are in agreement with the studies
developed by Song et al. 2, which studied the behavior of
microbial corrosion in pipelines and observed that there
was severe localized corrosion internally. The morphology
of corrosion on the inner wall of the pipeline indicates that
localized and generalized corrosion has occurred due to the
numerous corrosion wells in the inner wall. According to
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Figure 4. Evolution of the deposit layer on the surface of ASTM A131 grade A36 carbon steel. (a) after 24 hours; (b) after 48h; (c) after

1 week; (d) after 2 weeks; (e) after 3 weeks; (f) after 4 weeks.

Gentil ¥ and Beimeng et al. %, these characteristics in the
corrosion process can be influenced and accentuated by
microorganism induced corrosion (MIC). This MIC can
contribute to corrosion caused by direct influence on the
speed of reactions, modifications in the resistance of the
film formed on the surface, helping in the formation of
corrosive media and in the formation of tubers that allow
the appearing of differential aeration cells.

According to Maruthamuthu et al. '* and Jones and Amy'®,
systems similar to fuel storage tanks or distribution systems
such as oil pipelines containing fuel contaminated with
water, have an abundance of microorganisms that directly
or indirectly increase localized corrosion. The bacteria can
oxidize a variety of chemicals present in fuel and use them
as sources of nutrients for them to grow.

3.2 OCP, impedance and polarization measures

Fig. 6 shows an open circuit potential plot in function of
the immersion time for ASTM A131 grade A36 carbon steel
exposed in diesel oil S10 contaminated with saline water
after 11 hours of potential stabilization. Over time, it was
observed that the potential values became more negative,
exhibiting a behavior of biodegradation of the fuel. According
to Gentil %, this behavior may be associated with microbial
growth for fuel related deterioration or corrosion. However, it
is important to note that the change in open circuit potential
values may also be associated with electrode composition

variation, with possible oxide formation over time, due to
the oil layer biodegradation. The electrode composition is
associated with E°, changes in the surface may promote
variation in OCP values, besides the surface charge. At first,
the medium was the same for all measurements, and over time
it varied due to changes in oil, leaving electrode composition
and charge also as variables. If these measurements are not
constant, it can be said that the oil interacts with the surface
and this leads to its degradation.

This process of biodegradation may have been influenced
by microorganisms, which can use the diesel S10 as a source
of carbon and nutrients for its development*.

Initially, the diesel oil S10 would be exempt from
the biodegradation process because the fuel is new. Over
time, the contamination of the oil through the saline water
promoted the biodegradability. The growth and development
of microorganisms may have been stimulated by means
of chemical substances present in the oil, and can act as a
nutritional source, conditioning an environment conducive
to microbiological performance. Possibly, in this process, the
fuel was losing its efficiency as a film, initially protective,
and favoring the passage of the electrolyte until reaching
the substrate.

Fig. 7 shows the Nyquist and Bode diagrams in function
of immersion time for ASTM A 131 grade A36 carbon steel
exposed in diesel oil S10 / saline water in NaCl 3.5 wt.%.
These diagrams correspond to immersion tests after 24h,
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Figure 5. Micrographs of ASTM A131 grade A36 carbon steel.

48h, 1 week, 2 weeks, 3 weeks and 4 weeks, compared to
the standard analysis result.

As seen in Fig. 7a, the decrease in the diameter of the
semicircles of the Nyquist Diagram occurred due to the
increase of the immersion time in oil. This behavior can be
attributed to the performance of microorganisms in the process
of biodegradation of fuel, with the formation and release
of compounds that can make the medium more corrosive.

Materials Research

According to Deyab et al."”, the increase in storage time
leads to a decrease of the capacitive arcs, this is, it reduces
the resistance to charge transfer. The researchers observed
that the capacitance on the double layer increased because
of the increase in the exposure time of the oil in contact
with saline water.

The analyzis in the Bode Phase and Bode Modulus
Diagrams (Fig. 7b), in the high frequency region, showed
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Figure 6. Punctual values of the open circuit potentials for ASTM A
131 grade A36 carbon steel immersed in diesel oil S10 over 30 days.

variations in the impedance values, indicating that there was
a change in the resistance value of the solution in function
of the immersion time. This behavior confirmed that there
is an influence on the composition of the fluids (oil/water)
in contact with each other, thus altering the conductivity
of the system.

A decrease in the value of the impedance modulus was
observed in the low frequency region in function of the
increase in the exposure time. Higher impedance modulus
value was observed for the standard analysis. In this case,
the oil acted as a protective barrier, difficulting the access of
the electrolyte, which contributed to increase the polarization
resistance of the system.

For the higher immersion times, the reduction in the
impedance modulus can be attributed to the process of
biodegradation of the fuel, which makes the medium
increasingly corrosive.

It is believed that, with the biodegradation process, the
oil loses this protective barrier character, facilitating the
permeation of the electrolyte. The contact of saline water
and the presence of aggressive compounds from the oil
biodegradation process can lead to corrosion'®: .

Polarization analyses were performed to monitor the
corrosion processes in function of fuel biodegradation.
Fig. 8, shows the polarization curves (anodic and cathodic)
obtained for ASTM A 131 grade A36 carbon steel exposed
to diesel oil S10 contaminated with saline water for a period
of 30 days. It was observed that there was a reduction in the
corrosion potential (E_ ) in function of the storage time of
the fuel for carbon steel and consequently, the increase in
the corrosion current density (i, ).

The behavior of these parameters is related to the
biodegradation of the fuel, which happened gradually with

Figure 8. Potentiodynamic polarization curves for ASTM A 131
grade A36 carbon steel immersed in diesel oil S10 over 30 days.

Figure 7. Study S2: (a) Nyquist diagrams and (b) Bode Phase and Bode Modulus diagrams plotted for carbon steel exposed in diesel oil

S10 contaminated with saline water for 30 days.
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the immersion time. Possibly, reactions on the metallic surface
in contact with the fuel occurred, leading to the formation
of a protective film, which lost its efficiency over time*.

Fazal et al.?!, when studying the influence of biodiesel
instability and corrosivity and its mixture with diesel,
observed that biodiesel, because of its self-oxidative nature,
is comparatively more corrosive than petroleum diesel and
may alter the properties of the fuel. The results showed that
the corrosion rate of the metal surface immersed in biodiesel
intensified as the immersion time increased.

Deyab and Keera?? had similar results when they
studied corrosion and biocorrosion processes in carbon
steel in contact with biodiesel contaminated with water for
6 months. They observed that the immersion time played a
role in the biodegradation of the biofuel. The results in the
polarization curves showed a reduction in corrosion potentials
and an increase in corrosion current density. Based on these
responses, it was possible to observe that the corrosion rates
of'the carbon steel increased, indicating a corrosive process
more pronounced over time.

Pullen and Saeed® and Wang et al.** noticed that the
electrochemical corrosion of carbon steel occurred when the
fuel was exposed to sea water. They observed that there is
no way to control the corrosion and biocorrosion processes
during the handling, storage, transport and distribution of
fuels due to the microbiota in the fluids.

Matos 7 studying the corrosion and biocorrosion in ferrous
alloys in diesel and biodiesel, observed with the naked eye there
was a change of coloration in the fuels during the 10 days of
carbon steel immersion. This indicates that changes occurred
in the fuel properties due to reactions occurring between
the fuel and the metal or due to self-oxidation processes. In
addition, the anodic potentiodynamic polarization analysis
showed that there was a shift to more negative values in
the corrosion potential observed for the samples immersed
in biodiesel, suggesting that the immersion decreased the
resistance to the polarization on the metal surface.

4. Conclusion

The electrochemical impedance spectroscopy analysis
of the ASTM A 131 grade A36 carbon steel immersed in a
biphasic system, diesel oil S10 / saline water in NaCl 3.5
wt.%, with the samples immersed in aqueous solution, showed
that there was a reduction of the capacitive arcs, due to the
occurrence of corrosion and biofilm adherence on the metal
surface, in function of the exposure time.

The electrochemical measurements indicated that the
corrosion products films display protective characteristics,
acting as a barrier to the diffusion of the ionic species. The
two layers of formed deposits showed distinct compactness
and porosity in the period of 30 days.

The analysis in the Nyquist and Bode Diagrams in the
high frequency region showed very low and close impedance
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values, indicating that there was little change in the resistance
value of the solution in function of the immersion time. In
the low frequency region, the behavior of the material was
evaluated, in which the impedance modulus decreased with
the increased electrolyte exposure time. This behavior may
be associated with the morphological nature of the film
deposited on the metal surface.

SEM images showed the presence of microorganisms in
the form of rods, besides the corrosion products formed on
the metal surface, also being observed localized corrosion,
for the samples immersed in aqueous solution.

The electrochemical analyzes of study S2 showed that
it was possible to observe responses from indirect studies
to obtain satisfactory results regarding the electrochemical
tests. From the OCP analysis, it was observed that diesel
oil S10 without saline has a higher corrosion potential
compared to saline contaminated oil for 30 days, suggesting
a biodegradation process of the fuel.

Electrochemical impedance spectroscopy analyzes
showed that there was a decrease in semicircle diameter
in the Nyquist diagram, which is associated with increased
oil storage time. This behavior can be attributed to the
performance of microorganisms in the fuel biodegradation
process, with the formation and release of compounds that
can make the environment more corrosive. The analyzes
in the high frequency regions showed variations in the
impedance values, indicating that there was a change in
the solution resistance value as a function of the immersion
time. This behavior confirmed that there is influence on the
composition of fluids (oil / water) in contact by changing
the conductivity of the system.

The polarization curves showed that reactions occurred
on the metal surface in contact with the fuel. Initially, a
protective film formed, which lost its efficiency over time,
leading to higher values in current density and potential
reduction. Thus, it was observed that there was biodegradation
of diesel oil S10 as the storage time of the fuel in contact
with saline water increased.
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