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Abstract: Corrosion is a process that involves the action of different agents on material
surfaces. Corrosive agents in corrosion field can be ambient, saline and microbiological
mediums. These agents can influence the mechanical properties of metallic material like
steel. The aim of this research is to present the mechanic properties of sheet steel submitted
at the action of corrosive agents. The metallic samples were analyzed in order to
determinate the resistance at corrosion by stress-strain curves, deformation limit curves and
(Atomic Force microscopy) AFM images. Relative results are obtained in the case of saline
medium corrosion, meaning that the saline medium corrosion influences the metallic
sample, in proportion to the degree of salinity. Also, the AFM images and topographies of
metallic surface confirm this conclusion.
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1. INTRODUCTION

Corrosion is a damaging attack on metals surfaces that results in negative effects. Metallic materials can be
exposed to different environments, when they can be corroded by several agents. Various environmental factors
affect the chemical composition of metallic materials. The environmental factors can be: water, air and
microorganisms, electrochemistry process, etc. [1-4].

Electrochemical processes are the base processes of metallic materials corrosion. The metallic atoms tend to pass
in corrosion solution like ions. Thus, in the corrosion process are three essential components resulted: the anode
parte, based on the location of the metal under corrosion; the electrolyte part described by the corrosive medium
and the cathode part based on the electrical conductor that remains unconsumed during corrosion process [5-9].

When microorganisms act on metallic surfaces it is formed a biofilm. The biofilm is produced by bacteria, if the
medium is favorable to develop them [5, 6]. In biofilm bacteria occur distinct physiological characteristics like
resistance to antibiotics, increased production of exopolysaccharide, changes in unicellular morphology and
different responses to environmental stimuli [9-11].

The attack over metallic materials by fungus is explained by the fact that from fungus metabolism a lot of
organic acids, like tartric, citric and oxalic acid, solubilize the metals [12-19]. The corrosive action of fungus
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over metal material is accentuated in warm and humid areas where damages are very important [20-24]. The
species of fungus which attack metallic materials and plastic materials are: Trichoderma, Neurospora, Fusarium
sp., Aspergillus sp., Penicillium sp., Chaetomium and Sterigmatocystis [21-24].

Biodegradation is a naturally occurring process in a polluted environment where microorganisms are present [22,
23]. Biocorrosion is a significant factor in the increases in the process and repairs cost in industries [25-27].

There is organic compound that exists in the structure of vegetable extracts which can be divided into
hydrophobic and hydrophilic compounds [18-22]. Hydrophobic compounds provide protection from the metallic
surface while the hydrophilic compounds prevent corrosion by being adsorbed on the surface and constructing a
biofilm [28, 29]. Studies reached 68% and 45% protection degrees for steel in a saline electrolyte in the presence
of the aqueous extract of vegetables [30-32]. Therefore, as can be perceived, these inhibitors have low inhibition
performance in saline solutions. One way to promote the efficiency of these inhibitors is the application of heavy
metallic species such as zinc cations [33].

In present experimental study, metallic material, like steel, is use in contact with corrosive agents such as:
ambient (chemical laboratory conditions), saline (7% and 11%) and microbiologic (bacteria and fungus)
mediums. The contact with agents influences the mechanical properties of metallic material and the resistance of
the metallic material at mechanic processing. All these properties were tested by stress-strain curves,
deformation limit curves and AFM images and topographies.

2. EXPERIMENTAL CONDITIONS

2.1. Metallic materials description
General characteristics of chemical composition and dimensions of metallic material sample use, steel, are
presented in Table 1 and Table 2.

Table 1. Chemical composition of steel as metallic material (%).
Si Fe Cu | Mn | Cr Ni Al C P S N» Mo As
0.02 ] 99.614 | 0.02 | 0.23 | 0.02 | 0.01 | 0.035 | 0.03 | 0.009 | 0.006 | 0.004 | 0.001 | 0.001

Steel

Table 2. Size of the metallic material.
Metallic material Length, cm Width, cm
Steel 20 1.8

2.2. Corrosives agents

Steel samples were used and submitted to different corrosive medium for 30 days at room temperature.
Corrosives agents were ambient conditions that exist in a chemistry laboratory at room temperature, saline and
microbiological medium.

As a blank sample it has been used distilled water as a corrosive agent. For the action of the saline medium,
different concentrations of sodium chloride (NaCl) were used: 7 and 11% respectively.

As microbiological corrosive agent it has been used microbiological medium, where different types of
microorganisms are developed. Malt yeast extract agar (MYEA) medium was prepared as follows: 2.0% malt
extract, 0.2% yeast extract and 1.5% agar in distilled water.

All compounds were diluted in distilled water, sterilized at 120°C for 120 minutes. After sterilization,
microbiological medium is preserved at room temperature for an optimum distribution of temperature. Metallic
samples are introduced in a noted tube with microbiological medium, and inoculated with different types of
microorganisms that can be presented in an industrial hall. The types of microorganisms presented belong to the
fungus and mould type.

2.3. Experiments equipment

Determination of mechanical properties was realized by a trenching test carried on a universal tensile testing
machine, EZ50 (tensile force 50kN), at deforming speed 10 mm/min. The measurement of the specific
deformations needed for the stress-train diagram was accomplished with two EPSILON mono-axial
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extensometers. The interesting mechanic parameters were: yield strength (MPa), total elongation (%), anisotropy
factor and hardening factor.

Images of the metallic material surface were tested with Atomic Force microscopy (AFM), A.P.E. Research
model A100 which permits a resolution of 0.02 nm.
3. RESULTS AND DISCUSSIONS

The samples were corroded for 30 days by the corrosive agents and at the final time the metallic samples were
taken out from corrosive medium and submitted to the determination of mechanical properties.

In Table 3 are presented the mechanical properties of the steel samples determined by experimental tests for the
action of each corrosive medium.

Table 3. Mechanic properties of steel samples.

. Limit strength The to.tal Anisotropy | Hardening
Sample Corrosive Agents elongation,

[MPa] %] factor,r | factor,n

Environment 260.71 43.1 2.5842 0.1944

Blank 267.82 42.1 1.9871 0.1708

Saline 7% 272.47 28.5 2.26127 0.1392

Steel 11% 268.18 22 2.10709 0.1575
Blank 254.29 18 1.81665 0.1669

Microbiological| Fungus 279.57 20 1.89406 0.1636

Mould 268.67 21 2.11241 0.1681

In Figure 1 is presented the stress-strain diagram for the steel sample obtained after saline medium action (water,
7% NaCl and 11% NaCl concentration) compared with the action of the ambient medium.
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Fig. 1. Stress-strain curves for steel sample in the saline medium compared with the ambient medium.

According to the diagram, it can be observed differences in curve levels for the action of corrosive agents. At 7%
and 11% NaCl concentrations can be distinguished that the corrosive effects of the mechanical properties are
influenced by increased concentration of the saline medium. At 11% saline concentration, the metallic sample
suffer a faster breakage compared to the 7% saline and ambient medium. This less resistance at real stress is due
to significant NaCl crystals present at the material surface.
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Fig. 2. Stress-strain curves for steel sample in microbiological medium compared with ambient medium.

The action of microbiological agents, presented in Figure 2, is due to the low level of the stress-strain curve
comparatively with the level of the curve in the case of the ambient medium action. Microorganisms synthesized
compounds that produce a low resistance to corrosion.

Figure 3 and Figure 4 present the AFM images and topographies of the metallic sample after the action of
ambient and saline medium (7% NaCl concentration). The topography presents the texture, waviness and
roughness of the analyzed sample at AFM microscope. After topography analyzes, it can be remarked pitting
corrosion in the case of the action of 7% NaCl solution.
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Fig. 3. AFM images and topography of steel sample after ambient medium action.
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Fig. 4. AFM images and topography of steel sample after 7% NaCl solution action.
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As a result of the action of 11% NaCl solution, in AFM images and topographies of metallic material (Figure
5), can be observed higher levels of unevenness comparatively with the action of 7% NaCl solution. The result
is explained to the formation of carbonated compounds in contact with a metallic material.

The micro-pitting encouraged by microorganism strains looks different in comparison with the ambient control

system, as revealed by the standard AFM software on the pitted areas. Figures 6, 7 and 8 present AFM images
and topography of steel samples after microbiological medium action.
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Fig. 5. AFM images and topography of steel sample after 11% NaCl solution action.

It analyzed the action of fungus and mould type of microorganisms, which are present in an industrial hall. From
the presented topographies can be observed that the actions of mould and fungus types on the metallic material
are manifested by the formation of rare but deep asperities. This significant result is due to the microorganism
spore’s presence that can attack metallic surfaces.
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Fig. 6. AFM images and topography of steel sample after microbiological blank action.
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Fig. 7. AFM images and topography of steel sample after microbiological fungus agent action.
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Fig. 8. AFM images and topography of steel sample after microbiological mould agent action.

Microbiologically influenced corrosion processes start with biofilm formation on the metal substrate. Texture,
waviness and roughness parameters are important to explain the action of corrosive agents on metallic materials.

4. CONCLUSIONS

Saline corrosive medium from 0.85% NaCl in distillated water to 11% NaCl in saline medium tested provide that
a higher saline concentration corrodes metallic materials. The inhibitor effect can occur due to limestone and
carbonate deposit on study sample.

The corrosion resistance at the action of corrosive agents on metallic material, like steel, is based on the
formation of a passive biofilm on the surface of the material. This biofilm is provided by the presence of metal-
hydrate oxide formatted, which can influence the corrosion resistance. Biofilm formation assisted pit formation
on the carbon steel surface and it was evidenced by the AFM analysis. Corrosion current was increased in the
presence of corrosion agents, this observation confirmed that microorganisms and salinity play key role in the
corrosion of carbon steel.

In conclusion, this experimental study presents the electrochemical process that results after the action of
different corrosion agents on steel as metallic material.
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