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Abstract
The role of microbes in the corrosion of metals is due to the chemical activities (metabolism) associated with the microbial growth and reproduction. A
lot of researches have shown that enormous loss of resources and even lives
has been experienced in many countries of the world due to corrosion. There
is therefore need to device a means of combating this menace so as to save
different countries of the world including Nigeria the cost encured due to
corrosion. This research has helped to determine the role of bacteria in the
corrosion of high carbon steel under aerobic and anaerobic conditions was
investigated using sulphate reducing bacteria and other aerobes. A sample of
high carbon steel grade of chemical composition: 96% iron (Fe), 1.08% carbon (C), 0.349% silicon (Si), 0.841% manganese (Mn), 0.005% phosphorus
(P) and 0.005% sulphur (S), was obtained in the form of steel plate. Eighteen
(18) samples of the high carbon steel were prepared. Standard microbiological methods were used to isolate aerobic and anaerobic bacteria isolates. The
microbes isolated from the soil included; aerobes (Bacillus species, Pseudomonas species) and anaerobes (Desulfovibrio species, Thiobacillus species).
The role of bacteria in the corrosion of high carbon steel was estimated using
the weight loss technique and the electrochemical potential measurement
technique. Eighteen samples of a high carbon steel of known compositions
were exposed to sulphate reducing bacteria under different environments
(aerobic, anaerobic and control). The physical and chemical changes were
examined and monitored on weekly basis for six weeks. It was observed that
the coupons immersed in the media with sulphate reducing bacterium underwent fast activation and numerous corrosion sites were formed on the
surfaces. The average corrosion rate for six weeks (42 days) period of time
as determined by the weight loss method and electrochemical testing were
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found to be 0.0004595 mm/year, −0.712 mV in aerobic environment,
0.0005646 mm/year, −0728 mV in anaerobic environment and 0.0004458
mm/year, −0702 mV in the control or reference environment (distilled water
environment). High carbon steel was found to corrode more only in the
anaerobic environment. In view of this, high carbon steels were found to be
relatively more corrosion resistant than mild and medium carbon steels and
may be suitable for application in industries such as the petrochemical industry. Therefore, treating the environment with chlorine but with caution as
solutions of chlorine gas in water is corrosive to steels while the use of bactericides or biocides to arrest the action of microbes is important.

Keywords
Bacillus Species, Pseudomonas Species, Desulfovibrio Species, Thiobacillus
Species, Corrosion, Steel

1. Introduction
Corrosion may be defined as the deterioration of a material resulting from
chemical attack by its environment [1]. Metals actually corrode because they
succumb to environmental interaction. The environment in this regard may refer to the service conditions where the metal may find application. Steel, due to
their desirable mechanical properties, in practice find application in many service conditions including the aquatic environment where the activity of microbes such as bacteria is evident. The role of microbes in the corrosion of metals is
due to the chemical activities (metabolism) associated with the microbial growth
and reproduction [1]. In the metabolic and growth process, bacteria can reproduce up to 2.8 × 1014 organisms every 10 - 60 minutes, which is responsible for
the corrosion and biodeterioration of materials exposed to such environment
[2]. Microbial influenced corrosion (MIC) is due to the presence and activities of
microorganisms including bacteria and fungi, and affects a wide range of industries resulting in severe economic loss [3]. Carbon steel, although susceptible to
corrosion, is frequently employed in industries and infrastructure because of its
strength, availability, relatively low cost and fire resistance [4]. Infrastructure affected by MIC (buried pipelines) is often operated under anaerobic or micro
aerobic conditions [5]. Most studies on anaerobic—micro aerobic MIC use sulphate reducing bacteria (SRBs) because they are sulphide producers and promoters of the cathodic depolarization process in steel [6] [7]. According to von
Wolzogen and Van der Vlugt [8], under anaerobic conditions, electrons from
the metal surface (cathode) reduce protons to form hydrogen, which form film
that prevents further proton reduction, thus producing electrostatic isolation
(passivation). Different bacteria that colonized the metal surface can consume
the hydrogen film, resulting in Fe2+ release from the metal surface. Sulphide
produced by SRBs combines with and Fe2+ to form ferrous sulphide and generate
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an adhesion film. This mineral film acts as a cathode for hydrogen evolution,
thus increasing the corrosion rate [9], but can also have a protective passivation
effect depending on the crystalline mineral composition [9] [10]. The differences
in SRBs—related corrosive effect are also caused at least in part, by the SRB species themselves [10], in addition to other factors. A natural environment, the
reaction leading to steel corrosion intensify with temperature [11], and high-temperature environment is characterized by diverse bacteria communities [12],
many of which may have corrosive effect [13] [14].
Desulfovibrio spp. are members of sulphate reducers, which are found to exist
in all soil and water types, as well as lives symbiotically with facultative anaerobic
bacteria [15]. Sulphate-reducing bacteria (SRB) are a group of anaerobic diverse
organisms which have varied morphological and nutritional characteristics.
They utilize organic matter to produce sulphide by either reducing or oxidizing
sulphate compounds [16], as a source of energy. Therefore, sulphate ( SO 24 − ) can
be reduced to sulphide (S2−) by SRB leading to the generation of hydrogen sulphide as a metabolic by-product. Both physical and chemical processes transfer
hydrogen sulphide (H2S) across the air and water boundaries to environment
where chemoautotrophic bacteria oxidize the sulphide to sulphuric acid [17].
The corrosion process will hence occur by the reaction of the biogenic sulphuric
acid with the metallic surfaces [12].
In order to evaluate the significance of microbial corrosions, a look at the
economical perspective of such effects is essential. In 2001, the cost of microbial-influenced corrosion on oil and gas industries accounted for about two billion
dollars annually in the United States of America [4]. This study is therefore
aimed at determining the corrosion of high carbon steel by bacteria under aerobic and anaerobic environments.

2. Methodology
2.1. Sample Collection
A sample of high carbon steel grade of chemical composition: 96% iron (Fe),
1.08% carbon (C), 0.349% silicon (Si), 0.841% manganese (Mn), 0.005% phosphorus (P) and 0.005% sulphur (S), was obtained in the form of steel plate. The
chemical analysis of the sample was done using the spectroscopy method at
Testing Research and Certification Engineering Services, Port Harcourt, Nigeria
in accordance with American Society for Testing Materials [18].

2.2. Sample Preparation
The high carbon steel plate was cut to a dimension of 28 × 28 × 2 mm using hack
saw blade according to the standard of American Society for Testing Materials
[18]. The size and shape (flat surface) were chosen for ease of measurement and
convenience. Eighteen (18) samples of the high carbon steel were prepared.

2.3. Treatment of the Environment
Twenty samples of soil were collected from different locations in Ebeocha in
DOI: 10.4236/msa.2019.103019
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Rivers State and Orji mechanic village in Owerri, Imo State for the isolation of
the microorganisms. The soil samples were collected at a depth of 2 cm as described under National Association of Corrosion Engineers [19] standard. Small
portion of the soil was polluted with 20 g of sulphur powder and allowed for the
period of two weeks. The soil sample was collected and 1 g of the polluted soil
was suspended in 9 ml of sterile distilled water. This constituted the 10−1 dilution. The test tube was shaken and a sterile 10 ml pipette was used to transfer
1ml of the 10−1 dilution into a test tube containing 9 ml sterile distilled water to
achieve the 10−2 dilution. The content of 10−2 dilution was shaken and the dilution continued (always using a fresh sterile pipette for each transfer) until the
10−6 dilution was obtained according to American Public Health Association
[20] standard. After the serial dilution was completed, an aliquot (0.1 ml) of the
10−2 dilution was inoculated onto a mineral salt agar plates using spread plate
technique and allowed for 24 hours at 32˚C. The mineral salts agar composed of
10 g of NaCl, 0.42 g of MgSO4. 7H2O, 0.29 g of KCl, 0.83 g of K2H2PO4, 0.42 g of
NaNO3 and 12.5 g of agar per litre. Some of the organisms isolated from the soil
samples after the inoculation on a mineral salt agar were aerobes which include

Bacillus spp., Pseudomonas spp. An aliquot 0.1 ml of the 10−2 dilution was inoculated unto a nutrient-rich Baar’s medium using spread plate technique and
allowed for 24 hours at 32˚C. The medium consisted of sodium lactate (6.0 g/l),
sodium sulphate (4.5 g/l), ammonium chloride (1.0 g/l), yeast extract (1.0 g/l),
potassium phosphate (0.5 g/l), sodium citrate (0.3 g/l), calcium chloride (0.06
g/l), magnesium sulphate (0.06 g/l) and iron sulphate (0.004 g/l). The bacterial
strains obtained from the above exercise were then tested using an SRB kit and
an iron reducing bacteria kit. The anaerobes isolated include Desulfovibrio spp.
And Thiobacillus spp. The isolates were purified and sulphate reducing bacteria
were inoculated onto the Baar’s medium in the anaerobic container. Bacillus
species was inoculated onto the mineral salt medium in the aerobic container.
SRB growth was observed as strong black precipitate formation on the medium
due to intensive FeS production. The pH and concentration of the growth medium in each environment was measured and recorded.

2.4. Corrosion Measurement
The steel coupons (samples) were cleaned and dried before exposure to their respective environment. The initial weight and dimensions of the specimens were
measured and recorded. The samples were then suspended with the aid of a
rubber thread which passed through the drilled hole in each sample into the environment (aerobic and anaerobic), with respect to the control environment
(distilled water) as described by Oparaodu and Okpokwasili [21].

2.5. Visual Inspection
Visual examination carried out revealed the presence of corrosion products and
oxide scales somewhat brownish in colour on the surface of the sample. The
DOI: 10.4236/msa.2019.103019
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corrosion products such as the oxide films were scraped out, ground and mixed
with few drops of sodium hydroxide solution (NaOHaq) in a test tube.

2.6. The Weight Loss Technique
The bacterial corrosion of the high carbon steel in aerobic and anaerobic environments with respect to a distilled water-control environment was studied and
evaluated by the weight loss of the samples at periodic intervals of one week. A
weighing balance Mettle Toledo (New classic ML 204 Switzerland) was used to
determine the weight loss of the steel coupon. The initial weight of the samples
before introducing them into the different environments were determined and
recorded. The weight of the samples, that is the final weight after corrosion must
have taken place were also determined and recorded. The loss in weight after
each exposure time was calculated from the equation below:

W1 = Wo – Wi

(1)

where W1 = weight loss (g), Wo = initial weight(g) before each exposure time (T
days) and Wi = final weight in grams after each exposure time (T days).

=
Percentage weight
loss

Wo – Wi
× 100
Wo

(2)

2.7. Electrical Potential Measurement Method
This method as described by ASTM, [18] standard indicates if the metal specimen is passive (non-corroding) or active (corroding). The method is simple,
only needing an appropriate electrode (copper electrode with copper sulphate
electrolyte) and voltage measuring instrument [22]. An electrical potential measurement was conducted using a copper electrode as a reference electrode and
high carbon steel as the working electrode in a standard electrochemical glass
cell with copper sulphate as the electrolyte. The test were operated using the
PARSTAT 2273 electrochemical measurement system manufactured by EG&G.
The instrument was used to read the electrochemical potential values of the steel
coupons before and after the exposure time.

3. Results
The results of the weight loss and corrosion rate of the steel coupons in aerobic,
anaerobic and distilled water (control) environments are shown in Tables 1-3.
Figures 1-3 show the plots of weight loss versus exposure time in the different
environment. The lowest weight loss of 0.0201 g in aerobic, 0.0247 g in anaerobic and 0.0195 g in distilled water environment were observed in day 7. The highest weight loss 0.0714 g in aerobic, 0.0939 g in anaerobic and 0.0669 g in distilled
water environments were observed in day 28.
Figures 4-6 show the plots of the corrosion rate versus exposure time in the
different environment. The lowest corrosion rate of 0.0002667 mm/yr in aerobic,
0.0003067 mm/yr in anaerobic and 0.0002290 mm/yr in distilled water environment were observed on day 42. The highest corrosion rate of 0.0004595 mm/yr
DOI: 10.4236/msa.2019.103019
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Table 1. Weight losses and corrosion rates of steel coupons in aerobic environment.
Exposure
Time (T) day

Initial weight
(Wo) g

Final weight
(Wi) g

Weight loss
(W1) g

Corrosion rate
(CR) mm/yr.

% Weight
loss

0

-

-

-

-

-

7

9.9378

9.9177

0.0201

0.0004595

0.2022

14

11.7102

11.6745

0.0357

0.0004080

0.3048

21

14.8781

14.8258

0.0523

0.0003985

0.3515

28

9.9467

9.8753

0.0714

0.0004080

0.7178

35

15.3923

15.3221

0.0702

0.0003209

0.4560

42

13.0048

12.9348

0.0700

0.0002667

0.5382

Table 2. Weight losses and corrosion rates of steel coupons in anaerobic environment.
Exposure
Time (T) day

Initial weight
(Wo) g

Final weight
(Wi) g

Weight loss
(W1) g

Corrosion rate
(C.R) mm/yr.

% Weight
loss

0

-

-

-

-

-

7

11.0777

11.0530

0.0247

0.0005646

0.2229

14

11.9859

11.9448

0.0411

0.0004698

0.3429

21

9.2557

9.1932

0.0625

0.0004762

0.6752

28

11.0338

10.9399

0.0939

0.0005366

0.8510

35

9.0682

8.9853

0.0830

0.0003795

0.9152

42

11.8944

11.8139

0.0805

0.0003067

0.6767

Table 3. Weight losses and corrosion rates of steel coupons in control environment (distilled water).
Exposure
Time (T) day

Initial weight
(Wo) g

Final weight
(Wi) g

Weight loss
(W1) g

Corrosion rate
(CR) mm/yr.

% Weight
loss

0

-

-

-

-

-

7

16.4389

16.4194

0.0195

0.0004458

0.1186

14

11.5512

11.5295

0.0217

0.0002480

0.1878

21

12.5035

12.4633

0.0402

0.0003063

0.3215

28

14.9969

14.9300

0.0669

0.0003823

0.4460

35

10.7760

10.7135

0.0625

0.0002857

0.5799

42

9.0040

8.9439

0.0601

0.0002290

0.6674

in aerobic, 0.0005646 mm/yr in anaerobic and 0.0004458 mm/yr in distilled water environments were observed in day 7.
Tables 4-6 show the results of the electrode potentials of the samples and
concentrations of the medium in different environments.
Figures 7-9 show the plots of electrode potentials versus exposure time in the
different environments. The lowest electrode potentials of −0.712 mV in aerobic
and −0.717 mV in anaerobic were observed on day 35 and −0.072 mV in distilled water was observed on day 28. The highest electrode potential of −0.550 mV
DOI: 10.4236/msa.2019.103019
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Figure 1. Weight loss (grams) against the exposure time (days) in the aerobic environment.

Figure 2. Weight loss (grams) against the exposure time (days) in the anaerobic environment.

Figure 3. Weight loss (grams) against the exposure time (days) in the control environment.

in aerobic, −0.554 mV in anaerobic and −0.550 mV in distilled water environment were observed on day zero.
DOI: 10.4236/msa.2019.103019

233

Materials Sciences and Applications

R. C. Nwokorie et al.

Figure 4. Corrosion rate (mm/yr) against the exposure time (days) in the aerobic
environment.

Figure 5. Corrosion rate (mm/yr) against the exposure time (days) in the
anaerobic environment.

Figure 6. Corrosion rate (mm/yr) against the exposure time (days) in the control
environment.
DOI: 10.4236/msa.2019.103019
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Figure 7. Electrode potential (millivolt) against exposure time (days) in aerobic environment.

Figure 8. Electrode potential (millivolts) against exposure time (days) in anaerobic environment.

Figure 9. Electrode potential (millivolts) against exposure time (days) in control environment.
DOI: 10.4236/msa.2019.103019
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Table 4. Electrode potential and concentration in aerobic environment.
Exposure Time
(days)

Electrode Potential
(mV)

pH of
Environment

Concentration of mineral
salt medium in mil/litre

0

−0.550

7.0

500

7

−0.661

6.8

510

14

−0.672

5.0

520

21

−0.710

5.0

525

28

−0.710

5.0

530

35

−0.712

4.0

530

42

−0.710

6.0

535

Table 5. Electrode potential and concentration in anaerobic environment.
Exposure Time
(days)

Electrode Potential
(mV)

pH of
Environment

Concentration of the Baar’s
medium in mil/litre

0

−0.554

7.0

500

7

−0.670

6.8

512

14

−0.676

6.0

524

21

−0.726

5.0

536

28

−0.728

5.0

548

35

−0.717

4.0

548

42

−0.712

6.0

560

Table 6. Electrode potential and concentration in control environment.
Exposure Time
(days)

Electrode Potential
(mV)

pH of
Environment

Concentration of the
distilled water in mil/litre

0

−0.550

7.0

500

7

−0.563

6.8

505

14

−0.631

6.8

510

21

−0.647

6.8

515

28

−0.702

6.8

520

35

−0.700

6.8

520

42

−0.701

7.0

525

Figures 10-12 show the plots of the concentration of the media versus the
exposure time in different environments. The lowest concentrations of 500 ml/l
was observed on day zero for all the environments. The highest concentrations
of 535 ml/l in aerobic, 560 ml/l in anaerobic and 525 ml/l in distilled water environment were observed on day 42.
Average initial electrode potential value of the specimen = −0.553 mV.
Initial pH reading of the aerobic, anaerobic and control environments are 7.0,
7.0 and 7.0 respectively.
Initial concentration of the aerobic, anaerobic and control environment are
DOI: 10.4236/msa.2019.103019
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Figure 10. Concentration (ml/l) against exposure time (days) in aerobic environment.

Figure 11. Concentration (ml/l) against exposure time (days) in anaerobic environment.

Figure 12. Concentration (ml/l) against exposure time (days) in control environment.
DOI: 10.4236/msa.2019.103019
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500 m/litre, 500 m/litre and 500 m/litre respectively.

4. Discussion
In this study, the high carbon steel appeared to corrode faster in anaerobic environment than in aerobic environment. The corrosion rate was observed to be
highest in the first 7 days (0.0005646 mm/yr) and then decreased with exposure
time in each environment. The formation of a passive oxide film on the surface
of the specimen is believed to be responsible for the observation. Moreover, by
observing the pattern of corrosion rate in the entire three environments, it is
apparent that the highest corrosion rate was measured in the first seven days before the rate started to decrease. These reflect the power law pattern of corrosion
growth. This is in agreement with Yuzwa et al. [23] work on sulphate reducing
bacteria corrosion. The formation of rust and the depletion of food supply in a
medium has restricted the progress of corrosion, hence the decrease in metal loss
volume. The corrosion rate tends to be higher in anaerobic environment. This is
in agreement with Carpen et al. [24] who demonstrated that corrosion rate
might be as high as 10 - 63 micrometer per annum in anaerobic environment.
Such high corrosion rate in anoxic ground water cannot occur without the acceleration of the corrosion process by microbial activities [24].
Owate [25] reported that the corrosion rates obtained for mild steel supported
the fact that carbon content in itself has little effect if any on the general corrosion resistance of the steel. Ovri [26] found that mild steel corroded more than
medium carbon steel in the aerobic as well as in the anaerobic environment.
The corrosion inducing agents predominant in the environment were OH −
and SO 24 − radicals according to Ovri [26].

4Fe ( s ) + SO 24 − ( aq ) + 4H 2 O → FeS ( s ) + 3Fe ( OH )2 + 2OH −

(3)

The electrode potential decreased as resistance increases due to corrosion
products formed on the steel surface. The corrosion product formed with the
exposure time raises the resistance of the sample thereby decreasing the electrode potential values. The result obtained on weekly basis showed that the electrode potential value of the exposed samples decreases with exposure time to a
certain extent corresponding to 28 days. This is believed to be due to formation
of corrosion products which leads to resistance polarization of the samples [22].
This implies that the electrode potential values decrease with exposure time.
This result is in agreement with the findings of Jin et al. [15] and also confirmed
the result of weight loss measurement. Weight loss was found to increase with
time and concentration. Ovri, et al. [26] in their work on microbial corrosion of
mild and medium carbon steel observed that the bacteria concentration of the
environment increases with the time of exposure in days. The result of the
weight of the respective specimen after each exposure time was taken and recorded. In addition, weight loss increased as pH is decreased, making the environment more acidic and consequently more corrosive. This study agrees with
the findings of Oparaodu et al. [21] who reported that generally the weight loss
DOI: 10.4236/msa.2019.103019
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of the steel increased with the exposure time whereas the corrosion rate decreased with the exposure time. This also agrees with the report of Wan et al.
[27] on corrosion rate. The result equally showed a general pattern of increase in
percentage weight loss and a corresponding decrease in corrosion rate with respect to time.
Initially corrosion in the anaerobic environment was severe, this can be explained from the fact that when oxygen is not available for the removal of electrons from the metal surface, an alternative cathode reaction is necessary for
corrosion to occur. This suggested that sulphate-reducing bacteria contribute
directly to the corrosion of iron by the removal and utilization of hydrogen
available at the cathode areas of the metal for the reduction of sulphate to sulphide. This is in agreement with the report Ma et al. [28] that corrosion of
99.99% pure iron immersed in solution was inhibited by a protective layer of
ferrous sulphide (FeS) under such conditions as less than 0.04 mmol/dm3 of hydrogen sulphide (H2S) concentration, pH value of 3 - 5 and an immersion time
longer than two hours.
Similarly, the corrosion in the aerobic environment was also severe. Aerobic
bacteria grow by assimilating CO2 using energy derived from the oxidation of
sulphur to sulphite for their growth. A localized pitting corrosion results from
the direct anaerobic bacteria reduction of the sulphate at the metal surface. This
is possible because the biofilm formed by the bacteria creates an anaerobic condition. This is in agreement with the findings of Jin et al. [15] that pitting holes
were observered on the surface of the steel in the soil extract solution with sulphate reducing bacteria, but not in the absence of sulphate reducing bacteria
(SRB). They showed that the susceptibility of the steel to corrosion was more in
the soil extract solution with SRB than that without SRB and the pitting corrosion readily occurred on the surface of the steel in the presence of SRB. This
study also agrees with the findings of Faisal et al. [29] that the coupons immersed in the sulphate reducing consortium exhibited aggressive and deeper pitting. SRB inoculation inhibited the corrosion rate under aerobic condition at
days 14 and 28 which are both 0.0004080 mm/yr. The whole surfaces of the corroded steel coupons were covered with homogeneous ferrous sulphide (FeS).
When the entire coupon surface was covered with homogeneous ferrous sulphide, corrosion of carbon steel was inhibited due to passivation. This is in
agreement with a study by Herrera et al. [30] which reported that when the entire coupon surface was covered with homogenous ferrous sulphide, corrosion of
carbon steel was inhibited. The formation of a dirty green precipitate which is
insoluble in excess sodium hydroxide confirms the presence of iron (II) oxide. It
was observed that a general or uniform type of corrosion occurred on the specimen as the colour of the specimen gradually changed from grey eventually
emerging dark in appearance with pale green patches in anaerobic environment
while the specimen transformed from grey to reddish brown colour and eventually dark in aerobic environment. It was observed that the colour of the enviDOI: 10.4236/msa.2019.103019
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ronments changed from colourless to brown, dark pale green and reddish brown
in aerobic, anaerobic and the control environment respectively.
The observation under anaerobic condition indicated that hydrogen sulphide
didn’t accelerate corrosion of carbon steel. Corrosion acceleration by SRB activity such as the cathode depolarization was stopped at day 7. This is in agreement
with the findings of Mataqi et al. [31] using soil model where they discovered
that upon the inoculation of SRB under aerobic conditions, little corrosion on
the steel coupon were observed during the 14th - 28th day of incubation period.
They reported that sulphate concentration for the SRB inoculated in both anaerobic and aerobic conditions stopped decreasing at day 7 suggesting that the
sulphate reducing activity of SRB was high until this day as it began to decrease
afterwards. They equally indicated that the heterogeneous structure of the soil
led to the formation of a heterogeneous biofilm with corrosion products on the
carbon steel coupons. This is in agreement with this study that the heterogeneous biofilm that resulted in the uneven distribution of dissolved oxygen on the
metal surface accelerated microbial corrosion. Dubiel et al. [32] reported that the
corrosion of carbon steel in the culture inoculated with both sulphate oxidizing
bacteria (SOB) and sulphate reducing bacteria (SRB) was accelerated compared
to that in the culture inoculated with either SOB or SRB.

5. Conclusion
As steel undergoes corrosion in different environment, there tends to be an inverse relationship in the weight loss and the corrosion rate trends in the exposed
steel. While weight loss tends to increase over time, corrosion rate tends to decrease simultaneously. The high carbon steel experienced a general corrosion in
each environment. The corrosion rate of the high carbon steel was observed to
be 0.0004595 mm/yr in aerobic environment, 0.0005646 mm/yr in anaerobic environment and 0.0004458 mm/yr in distilled water (control) environment. These
results were compared to those reported by Ovri et al. [22] in microbial corrosion of mild and medium carbon steel and Owate [26] in corrosion behaviour of
mild and high carbon steels in various acidic media. In view of this, high carbon
steels were found to be relatively more corrosion resistant than the mild and
medium carbon steels and may be more suitable for application in the industries
such as the petrochemical industry.

Recommendations
The effect of bacteria in the corrosion of high carbon steel has been evaluated
and found to be partly responsible for failures of the material exposed in such
environments which favours microbial growth.
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