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ABSTRACT

This study focused at how the resistance of carbon iron to electrochemical corrosion was effected by the chemical
and physical characteristics of the Tigris River water at different locations of Wasit City. For each of these four
locations, models were obtained. Al-Ahrar, Al-Kut, Al-Zubaidiyah, and Al-Numaniyah. Models were obtained
for four of these locations Al-Zubaidiyah, Al-Numaniyah, Al-Ahrar, and Al-Kut and their chemical qualities were
estimated and determined. The results of the cathodic and anodic behavior are represented by two curves. Two
tangents have been drawn for these two curves, and their point of capture indicates the value of the current that
causes corrosion and the corrosion voltage. According to the findings the most corrosion occurred in the Al-Kut
area due to the combination of high percentage of chlorides than other locations and a highconcentration of
dissolved oxygen, which causes rust when iron and oxygen come together.
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INTRODUCTION

Transportation pipes and the majority of land transportation components are made of steel. Steel is also employed
in the production of parts for maritime transportation. Petroleum, construction projects, and bridges. Iraqi
civilians' health and safety are at risk due to pollution in the Tigris River. Skin conditions and colon cancer are
brought on by the chemicals and garbage from several government buildings and power stations that pollute the
Tigris River's water. The Tigris River, which flows past the capital Baghdad and into the Wasit Governorate, is
also filled with sewage water. Additionally, hospitals discharge chemicals and harmful liquids into the Tigris
River. Furthermore, people who live in communities around the river dump their trash into it. The air is polluted
and smells awful due to the extreme pollution and trash in the river. Numerous researchers have been interested
in examining steel's corrosion resistance and looking for potential solutions due to the material's significance in
engineering applications and its limited resistance to corrosion in most environments. When it comes to
electrochemical corrosion, it might happen because of a galvanic reaction or an electric current that the metal is
exposed to as a result of an external voltage. There are several kinds of corrosion based on its kinds include
uniform corrosion, stress corrosion, hydrogen embrittlement corrosion, and intergranular corrosion, depending on
the conditions of the medium corrosion with pitting and flaking. The movement of electrons from the cathodic to
the anodic regions of an electric current is what produces corrosion. Iron atoms lose electrons and become ions
when they come into touch with the water around a metal structure through soil

or water. The following is iron cation:[1-10]

Fe = Fe'? +2¢

These electrons react with oxygen in water to generate a hydroxide ion.
0 +2H,0+4e” =40H"

Iron hydroxide is formed when iron ions mix with hydroxide ions.

Fe+ 0,+2H,0 = 2Fe(OH),

Rust, or oxidized iron hydrates, is created as the process proceeds.
2Fe(OH),+ O, = 2H,0 +2Fe,03.H,04
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Several factors can effects the rate of corrosion of metal in liquid media, including the following:

1. Temperature: Corrosion processes speed up with rising temperatures.

2. The existence of substances that alter the electrical potential difference and therefore either raise or decrease
the metal's rate of corrosion; these substances are materials that either speed up or slow down the corrosion
process.

3. The medium's movement speed clearly affects the rate of corrosion since it increases the medium's movement
and causes erosion while reducing corrosion while the overall speed helps prevent electrons from collecting on
the non-electrodes.

4. The metal's place in the electrochemical chain. The metal's standard reduction voltage determines this location.
The greater the number, the fact that the metal's reduction potential is less than zero suggests that it canoxidize.
5. The pH of the solution, or the medium's degree of acidity. The combination of ions causes a rise in the medium's
acidity level when the metal is subjected to corrosion once more, the positive hydrogen ions interact with the
negative chlorine ions to generate an acid that aids in the disintegration of the rust coating the metal hasformed.
6. Elements that comprise the aquatic medium and their respective quantities, such as ions and O», are considered
components of the medium additional oxidants like Fe** or Ag* ions. This is seen as oxygen and can be decreased,
causing the metal to corrode. Since oxygen is the most potent oxidizing agent in the corrosion process and most
metals corrode when exposed to it, it is well known when oxygen is present, corrosion proceeds far more quickly
than when it isn't. Certain contaminants can occasionally increase.[11-15]

EXPERIMENTAL WORK
1. Select of metal

Low-carbon steel 37St was chosen, and its chemical composition was determined using a spectrometer as below
shown:

W% C Si Mn Cr Mo Cu Co \'% w Al Ni P S
element

Actual 0.18 0.008 | 0.60 | 0.01 | 0.003 | 0.038 | 0.003 | 0.0008 | 0.002 | 0.001 | 0.013 | 0.08 | 0.04
value %

Standard | 0.18- | 0.01 | 0.3- | -- -- -- -- - - -- -- 0.04 | 0.05
value % | 0.23 0.6

2. Producing Test Samples

In the present work metal that was utilized in accordance with the test standard71-31G,several number of corrosion
test samples were made. The dimension of specimens prepared were (1.5 cm x 1.5 cm x 0.5 cm) with accordance
to the ASTM.

3. Samples of river water

At four different locations at the Governorate of Wasit, Al-Zubaidiyah, Al-Numaniyah, Al-Ahrar, and Al-Kut
were selected. Amounts of 2.5 liters of Tigris River water were collected at a distance of 5 meters from the river's
edge in sterile containers. Some of the characteristics were estimated directly, chemical and assessing its purity,
using an acid measuring device, and a specific kind of measuring device. The level of bacterial groups in the river
was ascertained by measuring the kind and amount of dissolved oxygen using a device, electrical conductivity,
and a direct detection approach.

Test for electrochemical corrosion
Aqueous medium preparation
The water sources of the Tigris River (above) were used to prepare the test media.

Corrosion test by Potentiostat

The corrosion test was carried out utilizing the triple electrochemical cell seen in Figure (1) and by potentiostat
device with a speed rate of 3 Sec./mV.

Electrodes are made up of:[16-20]

1. The sample that will be evaluated is represented by the working electrode.

2. The electrode at which the platinum-based electrons emitted from the anode congregate in this cell is known
as the accelerator electrode.

3. Standard calomel Electrode (SCE).

4- The electrolytic medium's solution, which consists of Tigris River water gathered from four separate
locations.

5. An electrical current source.

Mechanism of the electrochemical cell
A voltage in an open circuit is set based on the kind of metal present and where it is located. An electric current
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flows through with a voltage increase to+ 100 millivolts in the electrochemical series, the reading was determined
to be -0.44 millivolts. The voltage-current relationship was then sketched, with the current being measured at
intervals of 10 millivolts (this range was used to understand the overall behavior). To determine the amount of
corrosion current that causes an effort to change by sloping the resultant line to cathodic and anodic

behavior and locating the junction of the two lines. The Tafel equation used to determine the corrosion rate as
demonstrated by the following:[21-25]

C.R(mpy) =0.13*Icorr*eq.wt/d

Where; C.R is corrosion rate in(mpy), Icorr is corrosion current density(uA.cm?), eq.wt is equivalent weight of
corroding species ,d is density of corroding species (g/cm?)

RE: Reference Electrode

WE: Working Electrode
CE: Counter Electrode

— Electrolyte

4
pr A g
o Biofilm
L

Figure 1 : Electrochemistry cell

RESULTS AND DISCUSSION

The areas are listed in Table 1 are Al-Zubaidiyah, Al-Numaniyah, Al-Ahrar and Al-Kut. The reason for the
increase in conductivity is the presence of chlorides salts in these areas and the reason for the slight increase in
acidity is due to a slight decrease in basicity in the water, and also that the total number of bacteria is decreasing
for these areas and a decrease in bacteria is due to the presence of salts. Increasing both corrosion current and
corrosion potential lead to an increase in rate of corrosion according to Table 2.[21-25]

Table 1: Represents the effect of conductivity, chlorine concentration, acid function, bacteria, and the amount of
dissolved oxygen on sites in the Tigris River.

position sample conductivity | Chloride Acidity Total no. of Amount oxygen
concentration PH Bacteria dissolved
milequiv./liter

Zubaidiya A 870 3.75 7.2 96 63

Numaniyah | B 882 3.82 7.5 85 67

Ahrar C 896 3.95 7.6 72 72

Kut D 995 4.08 7.8 68 82

Table 2: Represents the effect of Corrosion current density , Corrosion potential and Corrosion rate on sites in
the Tigris River.

position sample Corrosion current | Corrosion potential | Corrosion rate
density (uA/cm?) (mV) (mpy)

Zubaidiya A 5.24 -473.8 2471

Numaniyah B 542 -474.2 3.325

Abhrar C 6.12 -475.1 4.896

Kut D 6.36 -476.4 5.245

Tables (1-2) and Figures (2-6) represents the relationship among the corrosion rate with conductivity, chloride
https://ijmtim.org 3




International Journal of Medical Toxicology & Legal Medicine Volume 27, No. 2S, 2024
concentration, acidity, the total number of bacteria, and the amount of dissolved oxygen. As the corrosion rates
increase, the conductivity, chloride concentration, acidity and the amount of dissolved oxygen increase, and hence
the total number of bacteria decrease.[21-25]
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Figure 2: Relation between corrosion rate with conductivity
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Figure 3: Relation between corrosion rate with chloride concentration
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Figure 4: relation between corrosion rate with Acidity , PH
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Figure 5: Relation between corrosion rate with total no. of Bacteria
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Figure 6: Relation between corrosion rate with Amount oxygen dissolved

Figures (7-10) represents the relationship between potential and current density. However it is clearly noted that
there is a change in the anodic and cathodic curves for the areas of Al-Zubaidiyah, Al-Numaniyah, Al-Ahrar, and
Al-Kut, and there is a noticeable increase in the corrosion potentials and currents and the corrosion rates increases,
for the above areas respectively.[25-30]
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Figure 7: Potential vs. current density polarization in region A (Zubaidiya)
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Figure 8: Potential vs. current density polarization in region B (Numaniyah)
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Figure 9: Potential vs. current density polarization in region C (Ahrar)

10 -
9 .
8 7 o~
710§
61 3
51 £
44 2
34 &
(1]
21 %
1§
T T T T 0 ‘=-
(8]
-0.8 -0.6 -0.4 -0.2 0
Potential E, (mV,SCE)

Figure 10: Potential vs. current density polarization in region D (Kut)
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CONCLUSION

This study examined the chemical and physical characteristics of Tigris River water in several location of Wasit
Governorate regions and showed how resistant carbon steel stand toward electrochemical corrosion. Samples have
been gathered from four locations: Al-Zubaidiyah, Al-Numaniyah, Al-Ahrar, and Al-Kut. Their chemical
properties were examined. When salts for chlorides were present in the aforementioned locations, it was found
that the total number of bacteria reduced and the electrical conductivity, chloride concentration, acid function, and
amount of dissolved oxygen increased, correspondingly. This causes the corrosion potential and current to rise,
which in turn increases the corrosion rate.
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