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ABSTRACT

We tested the effect of three types of soil in Saudi
Arabia on SABIC carbon steel grade X60 (SCSX60)
specimens. The results showed that the environment
effect of different condition was very clear, indicating
that the studied soils were very corrosive SCSX60
specimens. The composition and morphology of cor-
rosion were different in the tested soil based on mois-
ture content and immersion period. In addition, the
results showed that bacteria play an important role in
the corrosion of SCSX60. The morphologies of corro-
sion products were analyzed using scanning electron
microscopy to further elucidate the complex systems
found in the studied soil.

Keywords: Effects of Strain; SEM; Steel; Crevice
Corrosion; Microbiological Corrosion; Polymer Coatings

1. INTRODUCTION

In oilfield operations, deteriorating effects such as the
corrosion of equipment and installations, plugging of
petroleum formation, and souring of the reservoir and
fluids are caused by the activity of microorganisms [1-3].
For example in the oil and gas industry, 34% of corro-
sion damage experienced by one oil company was be-
lieved to be related to microorganisms [4-5].

Corrosion is an electrochemical process consisting of
two partial reactions: an anodic reaction in which metal
becomes corroded and a cathodic reaction where certain
species are reduced. When pure metals or their alloys are
exposed to soil, corrosion occurs immediately. In some
cases, microorganisms from a biofilm on the metal sur-
face, thereby contributing to corrosion reactions [6-8].
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All materials can be inhabited by microorganisms, in-
cluding metals, minerals, organic materials, and plastics.
The dissolution of metals both directly and indirectly
related to the activities of microorganisms is known as
biocorrosion or microbiologically influenced corrosion
(MIC). This process is not a distinct mechanism of cor-
rosion; rather, it consists of the activity of microorgan-
isms during normal corrosion processes [9-11]. MIC can
result in increased costs in individual companies or sec-
tors of the industry [6], and there have been different
estimations for the cost associated with MIC. One of the
most useful methods for studying the behavior of steel in
soil with different concentrations of the masstour is the
activity of microorganisms in soil.

Soil is attractive environment for microorganisms,
which can live in soil at different concentrations of
moisture [12]. The aim of this study was to elucidate the
effect of the environment on SABIC carbon steel grade
X60 (SCSX60) specimens, which are a pipeline type of
steel that extend beneath the soil in several areas of
Saudi Arabia. In addition, this study investigated the
effect of the types of soil and exposure conditions
(moisture content and immersion period) on the compo-
sition and morphology of SCSX60 in different areas.
Lastly, the role of bacteria in the corrosion of SCSX60
was assessed in the studied soils.

2. MATERIALS AND METHODS
2.1. Specimens and Surface Pretreatment

Commercial carbon steel API-5SL grade (X60) manufac-
tured at Saudi Basic Industries Corporation (SABIC)
from Al-Jubail, Saudi Arabia was used in this study. The
steel type (X60) is manufactured according to chemical
composition for use in pipelines and gas transmission
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(Table 1).

Specimens were cut into small rods of 1.0 cm in length
and 1.0 cm in diameter. Prior to any experiment, the
specimens were mechanically abraded using a series of
emery papers, ranging from 100 to 1200 grits. The spe-
cimens were then washed with de-ionized water, de-
greased with acetone, and then air-dried. Finally, each
specimen was weighed accurately and immersed in the
specified test soil.

2.2. Soil Samples

2.2.1. Geographic Locations and Samples Collection
Soil samples were obtained from the various regions of
the Kingdom of Saudi Arabia. All soils under investi-
gation were collected from three different cities: Riyadh,
Rabigh, and Jeddah. The geographic locations of these
cities are shown in Figure 1.

At each of the selected sites, five samples were col-
lected at a depth of approximately 1.5 m, which is ap-
proximately the same level as a buried pipeline. The soil
samples were taken in polyethylene bags to the labora-
tory where they were air-dried at room temperature and
then sieved. Every soil sample was then homogenized by
putting the sample into a large polyethylene bag and
rolling it in the bag. The whole sample was then poured
into a clean polyethylene container.

2.2.2. Mechanical and Chemical Analysis

The classification of soils is based on different internal
properties, such as color, texture, and structure. The tex-
ture of the soil refers to the relative amount of clays, silt,
and various grades of sand and gravel which compose
the soil mass [2]. The texture of the soil samples was
determined in accordance with the Saudi Geological
Survey laboratories in Jeddah. The results are listed in
Table 2.

Table 1. Chemical composition of the studied specimens
(Wt%).

C Mn S P Si Al N Nb
0.0914 1.2700 0.0017 0.0082 0.2620 0.0351 0.0052 0.0429
\ Ti Cu Ni Cr B Ca Fe

0.0463 0.0149 0.0395 0.0205 0.0110 0.0005 0.0021 remainder

= =~

- »
_— N e N
\ 3 %.,,N

<

Fa i £

Figure 1. The geographic locations of these cities.
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Table 2. Mechanical analysis of soil samples.

Percentage finer

Soil

Gravel%
sample

Sand % Fines% Texture color

Coarse Fine Coarse Medium Fine Silt Clay

Poorly Licht

Riyadh 00 00 00 21.1 748 33 08 graded regd
sand
. Silty

Rabigh 0.0 0.0 0.0 51.6 32.6 65 9.3 Brawn
sand

Jeddah 0.0 0.0 0.0 284 51.013.6 7.0 Silty Brown
sand

Soil physico-chemical parameters such as pH, electri-
cal conductivity, electrical resistivity, redox potential,
and oxides and salts content were estimated by the Saudi
Geological Survey laboratories. The chemical analyses
were duplicated, and the mean values of the resultant
data are given in Tables 3 and 4.

2.2.3. Scanning Electron Microscopy (SEM)

The surface morphology of the steel specimens after
prolonged immersion (5 weeks) in the studied soils at
different moisture contents (2.5%, 10% and 20% wt) was
assessed using SEM (Scanning electron microscope
Quanta FEG 450).

2.3 Microbial Analysis

2.3.1. Under Aerobic Condition
Sabouraud dextrose agar was used as the medium with
an OXOID code of CM41 [13]. This medium has an acid
pH for the isolation of molds, other fungi, and yeasts.
Thiobacillus sp. was cultivated in thiosulfate medium
with the following composition (per L): 10.0 g of
NaQSQOj,'SHzO, 4.0 g of KH2P04, 4.0 g OszHPO4, 1.0 g
of NH,Cl, and 0.4 g of MgCl,-6H,0, with 0.5 mL of
trace element solution added. The pH was 6.7 [14].

2.3.2. Under Anaerobic Condition

The medium used for anaerobic condition was similar to
that used in the report by [15] and has the following
composition (per L): 4.0 mL of sodium lactate, 1.0 g of
yeast extract, 0.1 g of ascorbic acid, 0.2 g of heptahyate
magnesium sulfate, 0.01 g of potassium hydrogen phos-
ate (anhyd), 10.0 g of sodium chloride, 0.1 g of ferrous
ammonium sulfate hexahydrate, 15.0 g of agar.

The polished SCSX60 specimens were placed in
closed polyethylene conical flasks containing 100 g of
soil samples with different moisture contents (2.5%,
5.0%, 10.0%, 15.0%, and 20.0%) for different immersion
periods (1, 5 and 10 weeks) and incubated at 30°C + 1°C.
At the end of each immersion period, the specimens were
carefully removed from the soil; the soil samples sur-
rounding them were taken and placed into sterilized
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Table 3. Chemical analysis of soil extracted solutions (mg/L).

Electrical
Soil Sample  Ca*' Mg** Na' K cr HCO, NO, SO; CO; PO; pH  conductivity ™%
A (mV)

(uS-cm ™)

Riyadh 34.30 4.20 1.40 11.0 6.3 200.0 35.0 110.0 196.7 1.51 8.15 429.0 —86.9

Rabigh 1001.0 1735 1393.0 19.1 41240 135.8 177.0 935.0 133.6 0.37 7.15 10180.0 —34.4

Jeddah  1393.0 153.6 17100 354 4698.0  96.6 580.0 12000  95.0 0.32 6.91 10390.0  -17.6
Table 4. Percentage of oxides in soil samples.

Elements (%)  SiO; ALO; Fe0; TiO, CaO MgO Na,O KO MnO  SO;  P,Os L.O.1. (1000°C) Total (%)
Riyadh 88.21 1.23 0.50 0.10 4.75 027 0.08 0.24 <0.05 <0.05 <0.05 4.49 99.87
Rabigh 68.71 1136 446 086 426 1.73 240 0.87 0.06 <0.05 0.08 5.03 99.82
Jeddah 6142 13.08 650 1.07 508 279 286 127 0.10 <005 0.11 5.51 99.79

test tubes for microbial analysis. SCSX60 specimens Table 5. Microorganisms isolated in aerated conditions.

were washed with tap water and immersed for 5 minutes Moista

. .. . oisture

in 20% NaOH containing 200 g/L of zinc dust at room Soil  Content Presence of micro-organisms
temperature [16]. After removing from the pick- ling wt%

SOll.ltIO.n, the specimens were rinsed thoroughly .w1th st Week sth Week 10th Week
de-ionized water and acetone and finally dried with a

stream of air. Fungus Bacteria Fungus Bacteria Fungus Bacteria

Isolated bacteria, yeast and fungi were i.dentiﬁed E.l'[ 259, 1 0 5 5 5 5
laboratory [17-18], a sub cultures from each isolated mi-
croorganisms were made and identified at the Cairo % 3 0 3 2 3 3
MIRCEN, Ain Shams University, Cairo, Egypt to con- Ryiadh  10% 1 0 2 2 3 3
firm the identifications. SRB and IRB were counted by a

15% 3 0 1 2 2 3
colony counter.

20% 3 1 3 2 2 3
3. RESULTS

2.5% 1 0 1 2 0 1
To fully elucidate the effect of soil treatment on the cor- 59, ) 0 5 3 | 5
rosion rate of SCSX60, the presence of microorganisms
(fungus and bacteria) in the soil environment around the Rabigh  10% 0 0 2 2 1 3
metal surface was analyzed for each soil condition at 15% 1 ! 1 1 1 1
different treatments and immersion times. The resultant
data is given in Table 5. The density of microorganisms 20% 2 0 1 1 1 2
differed depending on the type of soil quality and time of 2.5% 1 0 1 1 0 2
metal incubation.

. . . 0,

The fungi Aspergillus sp. such as A. niger, A. flavus, A. % ! 0 2 2 22
fumegatus and Fusarium sp. Rhizopus sp. were isolated, Jeddah  10% 2 0 3 2 1 1
and the isolated bacteria were bacilli and cocci aerobic 15% ;3 0 | 3 ) 3

. " . . 0
and anaerobic. In addition, some of the soil specimens
20% 3 1 1 3 1 1

contained Saccharomyces cerevisiae yeast. Analysis of
the isolated microorganisms from the studied soil
showed the following species: Aspergillus niger, Asper-
gillus sydowii, Aspergillus flavus, Penicillium jensenii,
Cladosporium herbarum, Emericella rugulosa, Emeri-
cella nidulans, Fusarium dimerum, Rhizopus stolonifer,
Thiobacillus thiooxidans and T. ferrooxidans from most
of the soil studied. The most common bacteria was Ba-
cillus sp. which was identified as Bacillus megaterium,

Copyright © 2013 SciRes.

Bacillus licheniformis, Bacillus subtilis and Bacillus
thuringiensis.

Figures 2-4 show the effect of these bacteria on cor-
rosion by variety of polymers from the metabolism pro-
duced of results in a scaly, nodule, and porous corrosion
product.

Microscopic Observations of SCSX60 Specimens (SEM)
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Figure 2. (A) SEM micrographs for SCSX60 surface after
exposure in Riyadh soil at 2.5% moisture content for 5 weeks
(the circled panels indicate the zoom on area); (B) SEM micro-
graphs for SCSX60 surface after exposure in Riyadh soil at
10% moisture content for 5 weeks (the circled panels indicate
the zoom on area); (C) SEM micrographs for SCSX60 surface
after exposure in Riyadh soil at 20% moisture content for 5
weeks (the circled panels indicate the zoom on area).

SEM micrographs can macroscopically identify the
corrosion products observed on the SCSX60 surface. The
corrosion of iron and steel produces a wide variety of
chemical compounds, the precise identity of which can
provide critical information as to the corrosive conditions
responsible for the damage.

Table 6 presents the bacteria species that were iso-
lated in anaerobic conditions at different moisture con-
tents in Riyadh, Rabigh and Jeddah soils after immersion
for 1, 5, and 10 weeks. Iron-reducing bacteria (IRB) and
sulfate-reducing bacteria (SRB) were found in all the
studied soils at most moisture contents.

Figures 2-4 provide the different features of the
SCSX60 surface after immersion for 5 weeks in Riyadh,
Rabigh and Jeddah soils, respectively. The following
sections represent a summary of these features and the
possible types of corrosion products that appear on the
metal surface for each soil under study.
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Figure 3. (A) SEM micrographs for SCSX60 surface after
exposure in Rabigh soil at 2.5% moisture content for 5 weeks.
(the circled panels indicate the zoom on area); (B) SEM micro-
graphs for SCSX60 surface after exposure in Rabigh soil at
10% moisture content for 5 weeks (the circled panels indicate
the zoom on area); (C) SEM micrograph for SCSX60 surface
after exposure in Rabigh soil at 20% moisture content for 5
weeks (the circled panels indicate the zoom on area).

Table 6. Microorganism count (10°) isolated in different condi-
tions.

M.C.%  Control 5% 10% 15% 20%

Bacteria Iron Sulfur Iron Sulfur Iron Sulfur Iron Sulfur Iron Sulfur

Riyadh 3.6 3.7 7.8 41 81 3.7 35 0 34 79
Rabigh 0 41 0 32 42 32 0 46 0 35
Jeddah 0 45 0 35 38 35 44 35 45 37

Riyadh

Figure 2(A)-(C) show SEM micrographs for SCSX60
specimens after immersion for 5 weeks in Riyadh soil at
three different moisture contents: 2.5%, 10% and 20%.
As observed, the morphology and composition of the
corrosion products formed on SCSX60 specimens vary
according to the studied moisture contents. In 2.5%
moisture content, small cracks are visible in the layer of
corrosion products (Figures 2(Ab) and 2(Ac)). If the
film growth continues beyond this critical thickness,
cracking occurs. With a high power zoom (Figures 2(Ad)
and 2(Ae)), substances such as jelly glue can be observed
among “stone like” corrosion products. Figure 2(Ad),
shows a “cornflake-like” In addition, the cracks are also
observed in the film on SCSX60 specimens formed by
the corrosion products after immersion in Riyadh soil
with 10% moisture content (Figure 2(B)).

OPEN ACCESS



A. Al-Judaibi, A. Al-Moubaraki / Advances in Biological Chemistry 3 (2013) 264-273 269

Copyright © 2013 SciRes.

©

Figure 4. (A) SEM micrograph for SCSX60 surface after
exposure in Jeddah soil at 2.5% moisture content for 5 weeks
(the circled panels indicate the zoom on area); (B) SEM
micrograph for SCSX60 surface after exposure in Jeddah soil at
10% moisture content for 5 weeks (the circled panels indicate
the zoom on area); (C) SEM micrograph for SCSX60 surface
after exposure in Jeddah soil at 20% moisture content for 5
weeks (the circled panels indicate the zoom on area).

A thin plate of overlapping crystals that looks like a
“flowery” structure, can be seen in Figures 2(Bb)-2(Be).

In 20% moisture content, a low density of corrosion
products can be seen (Figure 2(Ca)). By comparing be-
tween the structural features of SCSX60 after immersion
for 5 weeks in Riyadh soil of 2.5%, 10%, and 20%
moisture contents (Figures 2(Aa)-2(Ca)), Riyadh soil of
20% moisture showed the lowest density of corrosion
products, which is in agreement with the corrosion rate
measured at various moisture contents.

Rabigh

Figures 3(A)-(C) show a representative SEM micro-
graph for SCSX60 specimens after immersion for 5
weeks in Rabigh soil at three different moisture contents:
2.5%, 10%, and 20%. In 2.5% moisture small pits with a
distinct shape were visible as shown on the electron mi-
crographs (Figure 3(Ab)). These pits were filled with
corrosion products. A closer view of one pit (Figures
3(Ac)-3(Ae)) reveals hexagonal plates with several
shapes.
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Interestingly, in the case of the 10% moisture content,
cracks observed in a layer of corrosion products that
have a “cotton ball-like” structure (Figure 3(Ba)). In a
high power zoom view (Figure 3(Bb)), the cotton ball
structures were found to consist of FeS crystals joined to
one another. A high magnification of the circle panels in
Figure 3(Bb) shows FeS as amorphous round shape
formations (Figure 3(Bc)) and as crystals (Figure
3(Bd)). Rod and spherical-shaped microbes (SRB) on the
corrosion products film can be clearly observed (Figure
3(Be)).

A micrograph of the SCSX60 specimen exposed to
20% moisture is presented in Figure 3(C). The corrosion
products are randomly distributed on the surface of the
specimen (Figure 3(Ca)), and “cotton ball-like” struc-
tures of FeS could be observed in a high power zoom
(Figures 3(Cb) and 3(Cc)).

Jeddah

Figures 4(A)-(c) present the SEM micrograph for the
SCSX60 specimens after immersion for 5 weeks in Jed-
dah soil at three different moisture contents: 2.5%, 10%,
and 20%. The film of corrosion products that formed on
the SCSX60 specimen in 2.5% moisture is inhomogene-
ous, and several pits can be observed (Figure 4(Ab)).
When a high power zoom was taken (Figure 4(Ac)), the
pits are deep, irregular and filled with corrosion products,
Such as with crystals of FeS (Figures 4(Ad) and 4(Ae)).
Several cracks can be observed in the corrosion film.

The environmental effect of these microorganisms is
very clear in the case of 10% moisture content (Figure
4(Ba)). When high power zoom was taken (Figure
4(Bb)), layers of corrosion products observed. Moreover,
the high power zoom (Figure 4(Bd)) showed rhombo-
hedral structures associated with hexagonal plates of
pyrrhotite and exopolymer substances. Jelly glue-like ex-
tracellular polymer substances are also observed among
the corrosion products in this study (Figure 4(Be)). In
another location on the specimen (Figure 4(Bf)), cracks
and irregular deep pits are observed. Figure 4(Bg) shows
a high magnification view of one pit filled with corrosion
products.

In the case of 20% moisture content, characteristics of
the substances observed in 2.5% and 10% moisture con-
tent disappeared. Small pits and cracks can be observed
in the corrosion film (Figure 4(Cb)). When a high power
zoom was taken (Figures 4(Cc) and (Ce)), the pits are
filled with corrosion products. Some hexagonal plates
with scales structures as corrosion products can also be
observed (Figure 4(Cd)).

4. DISCUSION

The effect of microorganisms in this study on the tested
metal depended on the moisture, temperature, and avail-

Copyright © 2013 SciRes.

ability of oxygen, condition which allow the microor-
ganisms to produce organic acids, amino acids, and other
chemical products. Microbial metabolism uses oxygen,
and the availability of organic compound stimulates the
emergence of other types of microorganisms that may
not be as abundant before incubation. All these metabolic
reactions and the production of organic acids react with
the iron, causing corrosion of the study metal, leading to
an increasing number of bacteria to oxidize or reduce
iron. This is clear by the initiation of growth of these
microorganisms that started mainly in the 3rd week of
incubation. This may be because bacterial spore forma-
tion cannot be completed if the level of nutrients is too
low for the energy-requiring sporulation process, mean-
ing that the interior of the endospore, the core, is very
dry and resistant to moisture [16]. In Figures 2-4 a
compared to figures a-d, a variety of polymers from the
metabolism produced of Thiobacillus sp. results in a
scaly, nodule, and porous corrosion product. This is con-
sistent with previous studies [4,19] showing that the most
important and most dangerous biocorrosion is caused by
sulfate reducing bacteria (SRB), especially under condi-
tions of temporary oxygen availability. The mechanism
of metal corrosion by SRB is likely analogous to the one
by Acidithiobacilus ferrooxidans, which causes metal
sulfide dissolution [20-21].

In natural environments [22-23] the corrosion prod-
ucts that form on iron and steel surfaces can be ex-
tremely complex mixtures of sulfides, oxides, carbonates,
and chlorides. According to Anderko and Shuler [24]
magnetite and siderite are precursors to iron sulfide spe-
cies and smythite is a less stable form of iron sulfide.
Mackinawite (tetragonal) is a particular form of iron sul-
fide that occurs frequently in immersion corrosion stud-
ies and is produced easily from iron and iron oxides by a
consortium of microorganisms, including SRB [25]. Al-
though mackinawite and pyrrhotite (hexagonal) are the
most common forms of iron sulfide corrosion products,
pyrrhotite is considered to be more thermodynamically
favored in anoxic environments [24,26].

Videla [27] proposed that the morphology of the cor-
rosion product is influenced by iron bacterial species.
Bacterial activity can usually be confirmed by the meas-
urement of carbon consumption, waste product genera-
tion, iron reduction, and/or growth.

IRB is a very important part of the soil microbial
community. As most of the IRBs are facultative anaer-
obes, oxygen availability is preferential for their growth,
but they maintain while the ability to grow under an-
aerobic conditions. IRBs act by reducing the generally
insoluble Fe*" compounds to the soluble Fe*', thereby
exposing the ferric oxide protective layer of metal be-
neath the soil to the corrosive environment [5,28,29].
IRBs are capable of making the environment suitable for
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SRB. In a mixed population of microorganisms in a bio-
film, the redox potential starts to decrease as oxygen is
consumed so that nitrate, ferric ion, and the sulfate are
reduced [8,30]. Beech and Gaylarde [6] have shown that
metal corrosion is more severe if SRBs are present in the

bacterial consortium than if there is a single SRB species.

In the presence of SRBs, the main corrosion products
that form on the iron surface are iron sulfides. Iron sul-
fide has the characteristics of a semiconductor, acting as
a medium for the transportation of electrons in a galvanic
couple with the steel substance, enhancing the anodic
and cathodic reaction [31]. Previous studies [26,32] have
comprehensively examined the galvanic couple between
pipes buried in soil and the sulfide-rich corrosion deposit
that sustains the high corrosion rates observed at field
sites. The main suggested mechanism of corrosion by
SRB in an anaerobic environment is the effect of sulfide
ion production by the reduction of sulfate by bacterial
metabolic activity and its oxidation and reduction pro-
ducts [33-35]. There are various mechanisms that sug-
gest a role for SRB in the corrosion process of iron.

According to Hausler et al. [36], the corrosion product
forms a film that grows until a critical thickness. The
products showed in Figure 2 are extracellular polymer
substances resulting from the metabolic activity of mi-
croorganisms. The formation can be observed clearly
through the extracellular polymer substances. In the mi-
croscopically studied [10], the interaction between cor-
rosion-causing bacterium and the corroding mild steel
coupon. The authors found that surface of mild steel cou-
pon changed from loss or deposition of corrosion pro-
ducts and from the attachment of the bacteria and its exo-
polysaccharide fibers to the coupon surface.

In Figure 2 Similar structures were previously ob-
served on X65 carbon steel samples during its corrosion
in H,S/CO, environments for various periods of time
[37]. The crystals that appear in Figure 2(B) are a form
of iron sulfide FeS. The formation of FeS may be gener-
ated by a microbial reduction of SO;” to S* [3,38,
39]. Zhao et al. [40] reported that in an environment
containing SRB, the original corrosion products are
mainly iron (oxyhydr)oxide. In the presence of SO ,
(oxyhydr)oxide transforms to sulfide with the reaction of
biogenic hydrogen sulfide, extracellular polymer sub-
stances, and organic acid. The authors of a previous
study studied the transformation by SRB of iron to iron
sulfide through iron oxyhydro (oxide) in a marine envi-
ronment [19,22,37,41].

A recent study of C-steel corrosion in natural sea wa-
ter over 1 and 2 years immersion periods evaluated the
appearance of hexagonal plates with attached rod-shaped
bacteria, which was identified as SRB [7], while other
study observed hexagonal plates of FeS on an API X70
steel surface after 24 h of immersion in a H,S -saturated

Copyright © 2013 SciRes.

solution at room temperature [42].

The rhombohedral showed in Figure 4 structures may
be smythite, a naturally occurring rhombohedral sulfide.
Smythite is formed by the sulfidation of siderite (ferrous
carbonate FeCO3). McNeil et al. [41] used mineralogical
data determined by X-ray crystallography, thermody-
namic stability diagrams (Pourbaix diagrams), and the
simplexity principle for precipitation reactions to evalu-
ate corrosion product mineralogy. The authors concluded
that many sulfides under near-surface natural environ-
mental conditions could only be produced by microbi-
ological action on metals.

5. CONCLUSION

The aim of this study was to elucidate the effect of the
environment on SABIC carbon steel grade X60 (SCSX60)
specimens, which are a pipeline type of steel that extend
beneath the soil in several areas of Saudi Arabia. The
study investigated the effect of the types of soil and ex-
posure conditions (moisture content and immersion pe-
riod) on the composition and morphology of SCSX60 in
different areas, and the role of bacteria in corrosion of
SCSX60 was assessed in the studied soils. The results
showed that the type of corrosion product that formed on
the SCSX60 specimens depends on the soil type and ex-
posure conditions. In addition, the bacteria play an im-
portant role in the corrosion of SCSX60 in the studied
soils. We recommend that these results can be used in
industry to better the properties of steel plates.
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