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1. Introduction

Four different concentrations of a plant inhibitor (dry red
pepper) were created to investigate its effectiveness in
preventing corrosion of a N80 carbon steel alloy used in
petroleum pipe manufacturing. This was done in a 1M HCI
acidic solution at various temperatures using electrochemical
techniques and surface analysis. The inhibitor was discovered
to be effective and efficient. As inhibitor concentrations rise,
inhibition also increases because the protective layer
becomes thicker. At a concentration of 200 ppm at a
temperature of 298 K, the inhibition efficiency reached
92.69%. Corrosion rate decreases in the presence of the plant
inhibitor. Despite the presence of the plant inhibitor, the
corrosion rate in the acidic media (HCI 1M) was 15.58 mpy
lower than when the inhibitor was absent. It reached 1.138
when it was. This is because of the reduction in the current
density of Icorr. The polarisation results showed that the
addition of the inhibitor reduced the corrosion current density
of the steel. The Carbon N80 corrosion rate ranges from 34.22
HA/cm2 for the sample without inhibitor to 2.5 pA/cm2 for
the sample including 200 ppm of inhibitor (C). The
polarisation curves and electrochemical investigations
suggest that the corrosion inhibitor exhibits both anodic and
cathodic inhibition processes, indicating a mixed kind of
inhibition. FT-IR technology analysed the inhibitor's
chemical composition and revealed the presence of functional
groups and heteroatoms. SEM was utilised to locate the
inhibitor layer on the carbon steel alloy surface, which serves
to prevent corrosion.

Corrosion is a natural and spontaneous phenomenon that leads to the transformation of pure
metals and their alloys into several stable forms, such as sulphides, oxides, hydroxides, etc., as a
result of chemical or electrochemical interactions with the surrounding environment [1].Corrosion is
also known as a chemical or electrochemical reaction between any specific material, usually metal,
and its surrounding environment, which ultimately leads to the deterioration of the material and its
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properties [2]. The corrosion of metal compounds and alloys, as well as the deterioration of their
properties, is a major industrial problem that is considered a worrying source of environmental
pollution, especially in the carbon steel industry [3]. Most crude oil wells contain both hydrogen and
oil, making corrosion control easier than with gas systems that only contain carbon dioxide. Corrosion
becomes a problem when water exceeds 30% by volume. However, damping of downhole equipment
must provide sufficient damping of the flow lines. A low oil speed can cause water to seep into the
flow lines [4]. Corrosion The deterioration of a metal or its properties attacks every component at
every stage of every oil and gas field's life. Corrosion, an adversary worthy of all our technology and
research, affects everything from casing chains to production platforms. Because oxygen plays a
significant role in corrosion, we classify the economic costs of corrosion into two categories: 1. The
cost of direct losses is quantifiable. This includes costs associated with replacement, protection and
corrosion prevention, and research and development. We cannot quantitatively evaluate the cost of
indirect losses. Examples include loss of products due to spillage and fire, loss of revenue due to
downtime, loss of equipment efficiency, product contamination, and environmental pollution [5] [1].
With the development of industrial technologies, new problems regarding corrosion constantly
appear that require finding effective methods of protection. Given the different nature and types of
corrosion that can occur and also the different conditions that help these different types to occur, this
necessitates the use of several methods to protect against corrosion. There are four fundamental
methods to combat and safeguard against corrosion, which involve implementing specific measures.
These measures may pertain to the choice and application of metals and alloys, or to the medium or
environment these materials encounter, as they may interfere with corrosion-causing environmental
factors. These procedures include external intervention techniques that use specific electrochemical
methods to protect materials. Combining two or more of these methods results in effective corrosion
control [6]. Corrosion-resistant materials 2: Protection by paint 3. Cathodic protection and anodic
protection 4: Protection by design 5: Protection by inhibitors [7] The ideal inhibitor has certain
characteristics. The indicated inhibitors must be able to perform the following actions to avoid or
reduce the corrosion of metal materials [7]. First, it must provide protection for the entire exposed
area from corrosion attack. Second, it must maintain its suitability in working conditions (and at high
temperatures). Application should not significantly delay the speed of wear. Third, the rust must be
eliminated. | People often use inhibitors due to their ease of application and the benefit of on-site
application. When choosing an inhibitor, there are many factors that determine it, including cost, ease
of availability, and most importantly, environmental safety and its types [8]. Green inhibitors are
classified as environmentally friendly inhibitors that are produced from renewable, low-cost, non-
toxic sources and provide a high rate of inhibition efficiency [9]. They are represented by plants such
as "extracts and oils," pharmaceutical liquids, ionic, etc. [10], These products are compatible with
both humans and the environment due to the ease with which they can extract their components [11].
Natural product extracts contain many organic molecules that contain aromatic rings or functional
groups such as hydroxyl, carbonyl, and carboxyl, as well as 2 NH, CO, and CHO, which are
responsible for corrosion prevention properties. The metal surface absorbs these compounds, forming
a protective layer. We use this type of inhibitor in acidic environments [12] [13]. The electrons of the
aromatic ring's bonds and the free (unpaired) electronic pairs N, S, and O adsorb on the metal's
surface, explaining the inhibition mechanism [14]. The inhibitor solution provides an unbonded
electron pair to the N and S atoms while the metal is present. The metal's vacant orbitals form strong
and stable bonds with the inhibitor on the metal surface. There are several methods for determining
the rate of corrosion speed of metals or alloys, including the electrochemical method (Tafel plots),
which is one of the most commonly used methods. We use the experimental cell and the Potentiostate
device, a sensitive electronic device that modifies the metal's potential difference. To measure the
intensity of the current, the cell consists of three electrodes: the working electrode (which is the
electrode carrying the carbon steel model), the reference electrode, such as the calomel electrode or
the silver electrode, and the auxiliary electrode. This method involves plotting the voltage as a
function of the current (the logarithm of the current density). The plant used in this study: dry red
pepper (C), the scientific name of which is Capsicuum annum, contains various biologically active
compounds with potential health-promoting properties, such as carotenoids, capsaicinoids, phenols
(flavonoids), vitamin C, vitamin E, and fatty acids. The color of ripe red pepper fruits is determined
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by the accumulation of various carotenoids [15]. Peppers are an excellent source of essential vitamins,
minerals and nutrients and hence have great importance for human health. Peppers are also rich in a
number of phytochemicals such as carotenoids, capsaicins, flavonoids, ascorbic acid and tocopherols.
These compounds are known to prevent inflammatory diseases associated with oxidative damage to
maintain optimal health [16]. In Ethiopia, red pepper is grown in many parts of the country, and is an
important source of income for smallholder producers. Results showed that red pepper seeds were
(onadry weight basis): ash 3.05%, water 6.63%, oil 18.39%, protein 28.33 %, and total carbohydrates
43.60%. In addition, the results showed that the predominant fatty acids were linoleic, palmitic, and
oleic acids. The highest and lowest linoleic acid content (76.54%) were found in pepper seed oils
extracted with the help of microwave (76.54%) and Soxhlet (73.65%), respectively [17].

The aim of this study is to control corrosion caused by acidic solutions in industrial environments
through:

1. Extraction and development of new natural inhibitors, readily available, non-toxic, inexpensive
and environmentally friendly

2. Study of corrosion rates of low-carbon steel in a solution of (1M) hydrochloric acid HCI and
different temperatures ranging from (298-318K).

3. The study focuses on the surface morphology of low-carbon steel using a scanning electron
microscope (SEM).

4. Study or measure the rate of corrosion speed (CR) using the extrapolation Tafel plot method.

5. Calculate the inhibition efficiency (IE) and study the effect of concentration and temperature

Calculate the activation energy Ea and thermodynamic functions.
2. Experimental

2.1. Equipment and materials used

Deionized water and special high-purity chemicals were used for the analysis. We purchased the
chemicals and solvents from BDH. The filter paper used is NEWSTAR type (15cm) of Chinese
origin. We purchased SiC2 silicon carbide paper and Harmal seeds from a local store nearby. SOC
provides an N-80 carbon steel alloy. The instrument used to measure the infrared spectra was an FT-
IR-8400S Fourier transform infrared instrument. In the laboratories of the University of Tehran in the
Islamic Republic of Iran. Use the MS:5973 gas chromatography-mass spectrometer-type selective
grid mass detector to identify and analyze the chemical components present in plants. In the
laboratories of the University of Tehran in the Islamic Republic of Iran. Use DMSO-d6 as a solvent.
Using the instrument Bank Eieiktronkik Intelligent Controls is a Type M laboratory located in
Germany and was established in 2007. This research aims to determine the corrosion rate of the N80
carbon steel alloy. The University of Tehran in Iran used a scanning electron microscope (SEM) to
examine the morphological changes that occur on the surface of carbon steel alloys. Table 1 shows
the proportions of carbon steel alloy components.

2.2. Alloys Use

This study utilised a carbon steel alloy known as Carbon Steel N-80, which was Prepare it by
the South Oil Company. Table 2 displays the proportions of the components of this alloy [18].

Table 2. Components of carbon steel alloy

Element Fe S P C Mn

Percentage 98.39 0.06 0.05 0.3 12
(%)
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2.3. Preparation of Corrosion Solution

The corrosion solution was prepared from concentrated hydrochloric acid (HCI) at a
concentration of 1 M by the dilution method.

2.4. Prepare Red pepper extract

This fruit is readily accessible in Iragi markets and is inexpensive. The Red pepper powder is
finely ground, and then 10 g of it is weighed and placed in a 500-ml glass beaker. Subsequently, 300
ml of non-ionic water is added to the powder for the extraction procedure. The mixture is then heated
to 70 degrees Celsius for 30 minutes with a mechanical stirrer. After cooling for two hours, the
solution was filtered with filter paper. The filtrate was dried at 50°C for 48 hours. Therefore, a dry
powder weighing 1.5 mg was acquired. The extract was then produced. The conventional method
involved dissolving 1 gramme of the extract in 1000 millilitres of distilled water in a one-litre
volumetric flask. A standard solution with a concentration of 1000 parts per million (ppm) was
prepared, followed by the creation of various concentrations through dilution [19].

2.5. Determining corrosion rate using electrochemical Tafel Plot Extrapolation
technique.

This method is utilised for measuring the corrosion rate efficiently and economically. It involves
connecting the metal sample to an electrochemical cell, which is linked to a device providing detailed
corrosion-related information displayed through curves on a computer screen. The logarithm of the
current (1) change is shown by an icon on the screen. The device comprises a measuring cell with
three electrodes: the working electrode in contact with the sample, the platinum auxiliary electrode,
and the calomel reference electrode. This method involves monitoring the corrosion current and
corrosion voltage and creating a diagram known as a Tafel curve. Once the model (a piece of clean
carbon steel alloy) is cleaned and prepared, it is attached to the working electrode and placed inside
the test cell. Both the auxiliary electrode and the reference electrode are positioned in the same cell
after filling it with the correct volume of a (1M) hydrochloric acid solution. The cell is connected to
the device, which inputs necessary data such as the start and finish of the effort, process time, and
presents the findings in a Tafel chart graph. Subsequently, the device is halted, the cell's contents are
emptied and purified, and the procedure is reiterated with a fresh carbon steel alloy. The cell is
replenished with the corrosive solution containing varying quantities of the inhibiting chemical, and
The measurement process is repeated again[20].

3. Results and discussion

3.1. Fourier transform infrared (FTIR) spectra

The primary process in corrosion inhibition involves the adsorption of inhibitors onto the metal
surface to provide protection. FT-IR research is conducted to investigate the interaction between the
adsorbed inhibitor and the carbon steel surface in an acidic environment of 1M HCI with the plant
extract. The strength of inhibition is influenced by the molecular structure of the inhibitor. Red pepper
extract (C) is analysed to determine the primary functional groups present. Table 2 and Figure 1
display the findings of the infrared spectra. The extracts display several bands, with the most
significant ones being:
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Table (2). Infrared spectra frequency values in units (cm™) of plant extract C

No v(0-H) 0(C-H) ai o(N-H) v(C=0) v(CH2)
1 3415 2927 1650 1614 1402
No thC-O) o(C-N) o(C-Br) W(C=N) (C=C) v
2 1246 1076 634 1614 1580

2 =
Illl\\‘llllllll
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8

Fig 1. Infrared spectrum of the inhibitor (C)
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3.2. Mass- Spectrum Extracted Plant (GC - mass)
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GC-MASS spectroscopy was conducted on plant extract (C) to identify the chemical compounds
present in it and explain the mechanism of inhibition of the extract. The table (3) represents the key
components that appeared in the plant inhibitor (C). Figure (2) represents a spectrum GC-mass

spectrum

101



Red pepper extract...

J. Basrah Res. (Sci.) 50(1), 97 (2024).

Abundance TIC: 3321 _Dvdata.ms
az
3800000 C 45678
3600000 il
|
3400000 a1 46 45114
|
3200000 |
|
3000000 \ 44 423
asif |
2800000 . ,1333|
1 =] 1
2600000 s |\| |
aofdns r
2400000 q il u |
2200000 40.4s8 1 | |
a0dp2 1
2000000 \
4a0.g3s ¥
1800000 r
1600000 I
39 ?’91
1400000
1200000 sa.sho
1 | 47.204
|
1000000 28 456 a7 ghs
3a g50 4 > |
A
800000 :
3%7?::0 I r
600000 i ¢ f';
352 /
400000 /
351
200000
25195‘ zo.198

o

Time—

T T T T T T T T T T T T T T T T T T T T T T T
600 800 1000 12.00 1400 16.00 18.00 2000 22 .00 24 00 26 .00 28 00 30 00 32 00 34 00 3600 38 .00 40.00 42 00 44 00 45600 4800

Fig 2. represents the mass spectrum of the aqueous extract of the plant (C).

Table 3. represents the most important components that appeared in the plant inhibitor (C).

c
RT 0 . CAS
No (min) Area% Name Quality Number
1 26.061 0.35 Pentadecanoic acid, 14-methyl-, methyl 08 005129-
ester 60-2
2 292 023 Octadecanoic acid, methyl ester 98 006011-%32_
Dipyrazino[2,3-b:2",3'- 120757-
3 %62l 057 i][1,4,8,11]tetraaza 50 23-5
4 37.73 0.47 1 2'-anilino-5'-bromo-2-carbometho 72 103896_%4'
1 METHYL ESTER OF 4-CHLORO- 066385-
5 38249 0.98 3.(2-CH.. 30 e
2'-anilino-5'-bromo-2- 108694-
6 3853 213 carbomethoxybenzophenone 86 39-9
7 40.693 20.64 Oleic acid, eicosyl ester 64 000009(())0-
8 45668 61.14 Stearin, 1,3-dipalmito-2- 90 103896_%4‘
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3.3. Study of the efficiency of aqueous extract (C) as a corrosion inhibitor using the
Tafel curve method

The study examined the effectiveness of the aqueous extract (C) as a corrosion inhibitor for
carbon steel ina 1 M acidic solution of HCI at temperatures of 298 K, 308 K, and 318 K. The research
was conducted with and without the plant inhibitor at various concentrations using the
complementary polarisation method. The study's findings are as follows:

a) Polarisation curves, or what are called Tafel lines

We aim to investigate the mechanism by which the aqueous solution (C) prevents corrosion in
carbon steel by analysing the anodic and cathodic reactions through the electrochemical technique
known as the polarisation curve method, both with and without varying concentrations of the plant
extract (C). The corrosion current (I corr), corrosion voltage (E corr), cathodic (Bc), and anodic (Ba)
Tafel constants were determined using the data presented in Figures (3)-(5), and Table 4. It was
observed that when adding plant inhibitors (C) in different concentrations, the shape of the Tafel
curve does not change much as it tends to reduce the reaction occurring at the anode and cathode
equally, meaning that the inhibitors affect the anodic and cathodic reactions, which indicates that they
are of the mixed type [21]. This means that adding the inhibitor to the acidic solution hinders the
anodic reaction and delays the process of hydrogen gas release during the cathode reaction. Through
its adsorption on the metal surface, inhibitor C reduces the number of active reaction sites that
participate in the corrosion reaction [22]. It was also observed that when adding the inhibitor C in
different concentrations, the shape of the Tafel curve does not change much, as it tends to reduce the
reaction occurring at the anode and cathode electrode in an approximately equal manner, meaning
that the inhibitors affect the anodic-cathode reaction with approximately the same effect, which
indicates that the inhibitors are of the mixed type [21]. The percentage of inhibition efficiency (IE%)
can be calculated using equation (1) [23]:

I°corr—Icorr
I°corr

%IE = ( ) x 100) (1)

The area of the part covered by the damper (O) was calculated according to equation (2):

o = (I°corr—Icorr ) (2)

Icorr

Where Icorr and Icorr represent the corrosion current densities in the absence and presence of the
inhibitor, respectively, it is noted that the values of the corrosion current densities for the blank
solution of plant extracts used as inhibitors are more than the values of the corrosion current densities
in the presence of inhibitors with the temperature constant. The value of the corrosion current density
decreases with increasing inhibitor concentrations at each temperature, which indicates that adding
the inhibitor hinders the corrosion attack. This suggests that the addition of an inhibitor hinders the
corrosion attack. Although there are anodic and cathodic curves when adding an inhibitor, the slope
of the anodic curve is slightly greater compared to the cathodic curve. This means that the kinetics of
both the dissolution reaction of carbon steel and the release of hydrogen change when inhibitors are
added. The most affected factor is the dissolution of steel. Changes in the values of fa and Bc are also
caused by other kinds of negative ions in the solution that take part in the adsorption process [1].
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b) Corrosion Rate (CR)

The rate of corrosion speed (CR) was calculated in units (mpy) in acidic media in the absence and
presence of different concentrations of plant extracts as inhibitors and within the temperature ranges
(308,318298,) K. The relationship (3) yielded the value of the corrosion speed rate (CR) [24].

CR =K X 'C"T" XEW ©))

It represents:

CR/corrosion rate in units (mpy)

| corr /corrosion current density in the presence of the inhibitor in units (LA/Cm2)

EW / equivalent weight of metal or alloy (E. WFe =27.8 gm / mol)

p /density of the metal or alloy (pFe = 7.86 g/cm3)

K / constant value equal to (0.1288 mpy g / 4A cm).

Equation (3) shows the dependence of the corrosion speed CR on the corrosion current density (Icorr)

Table (4) shows that the rate of corrosion speed (CR) is relatively high in the absence of inhibitors,
and that this increase is due to the disintegration of the metal in the anodic reaction. The presence of
the inhibitor reduces the rate of corrosion speed of the carbon steel alloy due to the decrease in the
corrosion current on the surface of the alloy [25]. In addition, we find that the rate of corrosion speed
(CR) decreases with an increase in the concentration of the plant inhibitor C used with constant
temperature, while the rate of corrosion speed (CR) increases with increasing temperature and
constant concentration, due to the collapse of weak physical adsorption towards increasing
temperature [26].

c) Effect of Temperature

The inhibitory efficiency and corrosion speed rate (CR) data from Table (4) and Figure (6) can be
summarised as follows:

«» The increase in the values of the corrosion rate (CR) with increasing temperature and its
decrease with increasing inhibitor concentration, as mentioned at the end of the previous
paragraph.

« The values of inhibition efficiency %IE decrease with increasing temperature for the same
concentration. It increases as the inhibitor concentration increases with constant temperature.
This may be due to the process of physical adsorption of the inhibitor on the surface of carbon
steel, which prefers a lower temperature, so the inhibition efficiency decreases as the temperature
increases. While the inhibition efficiency increases with increasing temperature in chemisorption.
[27]
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Table 4. presents the polarisation curve data for the corrosion of carbon steel alloy N80 in hydrochloric
acid solution (1 M) at temperatures ranging from 298 to 318 K, with varying doses of inhibitor (C).

Temp Inhibitor Ecorr CR Icorr pa Be % IE 0
(K) Conc(ppm) (mV) (mpy) (LA/ICm2) (mv/Dec) (mv/Dec)
298 -439.1 15.58 34.22 105.7 -128.6 0 0
308 blank -449.0 18.92 41.54 113.2 -159.1 0 0
318 -449.3 22.39 49.15 80.5 -59.4 0 0
298 -439.2 5.08 11.17 82.5 -154.9 67.35 0.67
308 50 ppm -438.5 7.05 15.48 97.1 -141.4 62.73 0.62
318 -449.2 10.96 24.07 85.9 -116.9 51.02 0.51
298 -428.4 3.58 7.86 67.0 -131.7 77.03 0.77
308 100 ppm -439.3 5.48 12.03 79.1 -135.9 71.03 0.71
318 -437.4 9.17 20.15 78.2 -161.1 59.00 0.59
298 -438.9 2.39 5.26 55.1 -126.1 84.62 0.84
308 1oppm - sgs 421 9.25 59.5 1261 7773 077
318 -448.9 7.51 16.49 68.1 -137.2 66.44 0.66
298 -439.1 1.138 25 48.6 -97.7 92.69 0.92
308 -449.3 2.90 6.38 53.8 -115.3 84.64 0.84

200 ppm

318 -449.1 4.92 10.81 46.6 -80.2 78.00 0.78
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Fig 3. Polarization curves for corrosion of carbon steel with different concentrations of inhibitor (C)
at 298 K
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Fig 4. Polarization curves for corrosion of carbon steel with different concentrations of inhibitor (C)
at 308 K
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d) The study focuses on the kinetic variables of the corrosion process.

We traced the kinetics of the corrosion reaction and studied the effect of temperature on a carbon
steel alloy in a corrosive medium of hydrochloric acid at a concentration of 1 M, both in the absence
and presence of inhibitors, and at specific concentrations. We also calculated a number of
thermodynamic functions for the adsorption process to understand the behavior and strength of the
specific inhibitor's adsorption on the alloy's surface. We studied the effect of temperature on corrosion
speed within the experimental temperature range using the Arrhenius equation (4) [28].

Log Icorr=Log A- Ea/ (2.303 RT) (4)

The equation (lcorr) represents the corrosion current, (A) the Arrhenius constant, (Ea) the activation
energy, and (T) the temperature. (R) gas constant. 8.3143 (J. K-1. Mol-1) Using Equation (3) to find
the activation energy (Ea), we can draw a straight line between the values of Log Icorr versus the
values of 1/T as shown in Figure (7). We used the transition state equation (5) to figure out the kinetic
functions of the activated complex. These included the enthalpy of activation (AHj and the entropy
of activation (ASj. These functions show how the activated complex is formed for the corrosion
process in acidic media [29].

Icorr R AS AH
Log =—=Log gy + ( 2.303 ) N ( 2.303 RT) (5)
Figure 8. shows a linear relationship with a slope of ((-AH)/ (2.303 R)), allowing for the

AS
7303 R)] Through

determination of the value of (AH*). The intercept is also indicated. [Log% +(
which the value of (AS*) is found

After finding the values of (AS *) and (AH *), AG*can be calculated according to equations (6) [30].
AG'= AH- T ASf (6)

Table (5) shows the values of (Ea.), (AS*), (AH*), and (AG*) for the corrosion of carbon steel in
hydrochloric acid (1M) in the presence and absence of the inhibitor, as an increase in activation
energy (Ea.) is observed. For the corrosion process in the presence of the inhibitor compared to its
absence, which explains the formation of a thin layer of inhibitor that is adsorbed on the surface of
the alloy used, it is of a physical nature (electrostatic) [31]. This corresponds to the decrease in the
efficiency of inhibition with increasing temperature, which means that a physical adsorption process
occurs in the first stage, followed by the desorption process. Chemist [32]. Positive values of the
enthalpy of activation (AH) also indicate that the nature of the reaction is endothermic, that is,
chemical adsorption, and that it increases with an increase in the concentration of the inhibitor
compared to its absence. This means that the dissolution reaction of cardboard steel in hydrochloric
acid (1M) is an absorbent reaction, and the dissolution process is difficult [33]. The negative values
of the activation entropy (AS) may be higher in the presence of the inhibitor, which increases with
increasing concentration, which indicates less random adsorption of the reactants, which are
transformed into active complexes adsorbed on the surface of the carbon steel alloy. High and positive
values of the hard free energy of adsorption (AG*) indicate that the corrosion reaction on the alloy is
not spontaneous [34].
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Table 5. shows the values of some kinetic functions, such as AG*, AH*, AS*, and Ea, in acidic
media and at temperatures between 298 and 318 K, with and without different concentrations of the

inhibitor (C).
Ea. AS* A H* A G* (KJ.mol™)
Comp. Conc.
(KImolY)  (KJ.mol*. K1) (Kimol?) 929k 308 K 318 K
HCL 1M 14.27 -0.18 11.71 64.20 66 67.80
50 30.19 -0.13 27.63 67.07 68.39 69.72
ppm
100
37.04 -0.11 34.48 67.93 69.06 70.18
ppm
C
150
45.00 -0.08 42.44 68.90 69.78 70.68
ppm
200
57.85 -0.05 55.28 70.58 71.09 71.61
ppm
e y = -745.36x + 4.0365 X+ 7
i y = -1576.7x + 6.3292 y = -2350.1x + 8.6038
1.8
1.6
e A
S ]
© 42
= i
e 1.0-_
—=— HCI blank
Ly —e—50 PPM
0.6 - 100 PPm
! —v— 150 PPm
0.4 - 200 PPm
0.00315 0.00320 0.00325 0.00330 0.00335 0.00340

1/T

Fig 7. Arrhenius relationship in the presence and absence of inhibitor (C) within the temperature

range of 298-318 K
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Fig 8. The relationship between the transition state and the calculation of enthalpy and entropy in the
absence and presence of the inhibitor (C) and within the temperature range (298-318 K)

3.4. Study of the surface morphology of a carbon steel alloy using scanning electron
microscopy (SEM) technology

SEM technique was utilised to examine the morphological alterations on the surface of the carbon
steel alloy. The SEM images of the carbon steel surface reveal the absence of corrosive acidic
conditions. Image No. 1 demonstrates that the alloy's surface remains smooth and undamaged in the
absence of the corrosive medium, even with the presence of the optimal inhibitor concentration (200
PPM) at 25°C during a 1-hour immersion period. Microscopic image No. (2) shows severe damage
and deformation due to corrosion by HCI acid in the absence of inhibitors. In contrast, microscopic
image No. (3) in Figure (9) displays the presence of an inhibitor (C) on the surface, which prevents
such damage. The surface is evidently smooth with minimal damage or deformation. The high level
of protection on the surface of carbon steel is achieved through the creation of a thin layer resulting
from the chemical or physical adsorption of inhibitors.

(1) @ @

Fig 9. Technical images (SEM) of carbon steel in the three cases

3.4. Explanation of inhibition mechanisms

Specific aqueous plant extracts impede the process of metals separating when they are immersed
in corrosive substances. The substance's ability to suppress corrosion is due to its organic
components, which can adsorb onto the metal surface and create an insulating layer. The effectiveness
of these materials is attributed to the presence of atoms or groups with strong electronegativity. The
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compounds under investigation may include atoms (N, O, S) or groups (C=N, N=N, C=C), coupled
with the presence of a n system, which refers to an electron provided by the aromatic rings. Therefore,
one possible route that might clarify the mechanism of the compounds being studied for inhibition is
as follows [35]:

1. One possibility is that the aromatic ring of the inhibitor could interact with the atoms on the metal
surface. This could cause the n electrons of the aromatic ring to interfere with the d orbitals of
the metal surface. The interaction creates a protective barrier on the metal surface, which hinders
the penetration of corrosive chemicals and reduces the rate of chemical corrosion [36]. This is
illustrated in Figure 10.

N

Q) /b\

Fig 10. The overlap of the m electrons of the aromatic ring present in the compound Dipyrazino
[2,3-b:2',3-i] [1,4,8,11] Tetraaza represents one of the inhibitor compounds (C) with orbitals d
present in iron atoms.

2. The plant inhibitor can chemically adsorb onto the metal surface by interacting with the unpaired
electron pairs on the nitrogen (N) and oxygen (O) atoms. This interaction can take place through
coordination, ionic, or covalent interactions with the unoccupied or partially occupied d-orbitals
in the metal. Consequently, the inhibitor molecules stick to the surface. The alloy efficiently
prevents the corrosive medium from reaching it, leading to a reduction in chemical corrosion
[37], as seen in figure 11.
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7N\

Fig 11. Interference between the free electronic pairs on the nitrogen atoms (N) present in the
compound Dipyrazino [2,3-b:2',3-i] [1,4,8,11] tetraaza with the d-orbitals in the iron atoms. Carbon
steel surface in damper (C)

4. Conclusions

The inhibitor (C) hinders the corrosion of N80 carbon steel in a 1M acidic solution of HCL.
Electrochemical experiments indicated that C is effective as a corrosion inhibitor for N80 carbon
steel. The most significant level of inhibition occurred at a temperature of 298 K with a concentration
of 200 PPm. Electrochemical experiments indicated that inhibition efficiency reduces as temperature
rises and increases with higher inhibitor concentration (C).

5. References

[1] C. Verma, E. E. Ebenso, 1. Bahadur, and M. A. Quraishi, “An overview on plant extracts as
environmental sustainable and green corrosion inhibitors for metals and alloys in aggressive
corrosive  media,”  J. Mol. Lig.,,  vol. 266, pp. 577-590, 2018.
Doi:https://doi.org/10.1016/j.mollig.2018.06.110

[2] A. H. Al-moubaraki and 1. B. Obot, “Top of the line corrosion : causes , mechanisms , and
mitigation using corrosion inhibitors,” Arab. J. Chem., vol. 14, no. 5, p. 103116, 2021,
.Doi:https://doi.org/10.1016/j.arabjc.2021.103116

[3] H. T. Obaid, M. Y. Kadhum, and A. S. Abdulnabi, “Quantum Chemical Calculations and
Experimental Studies of using Azo Dye as Corrosion Inhibitors for on Carbon Steel in Acidic
Medium”. Doi:https://doi.org/10.1016/j.matpr.2021.10.380

[4] Y.T.Al-Janabi, “An overview of corrosion in oil and gas industry: upstream, midstream, and
downstream  sectors,”  Corros. Inhib. oil gas Ind, pp. 1-39, 2020.
Doi:https://doi.org/10.1002/9783527822140.ch1

[5]1 H. M. Abd El-Lateef, S. Shaaban, M. M. Khalaf, A. Toghan, and K. Shalabi, “Synthesis,
experimental, and computational studies of water soluble anthranilic organoselenium
compounds as safe corrosion inhibitors for J55 pipeline steel in acidic oilfield formation water,”

112


https://doi.org/10.1016/j.molliq.2018.06.110

A.K. Aksh, A.S. Abdul Nabi

(6]

[7]

(8]
[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Colloids  Surfaces A  Physicochem. Eng. Asp., wvol. 625, p. 126894,
2021.Doi:https://doi.org/10.1016/j.colsurfa.2021.126894
A. M. Farhan, R. A. Jassim, N. J. Kadhim, W. A. Mehdi, and A. A. Mehde, “Synthesis of Silver

Nanoparticles from Malva parviflora extract and effect on Ecto-5’-Nucleotidase (5°-NT), ADA
and AMPDA enzymes in sera of patients with arthrosclerosis,” Baghdad Sci. J., vol. 14, no. 4,
p. 742, 2017. Doi:http://dx.doi.org/10.21123/bsj.2017.14.4.0742

S. Tanwer and S. K. Shukla, “Recent advances in the applicability of drugs as corrosion
inhibitor on metal surface: A review,” Curr. Res. Green Sustain. Chem., vol. 5, p. 100227, 2022.
Doi:https://doi.org/10.1016/j.crgsc.2021.100227
R. W. Revie, Corrosion and corrosion control: an introduction to corrosion science and
engineering. John Wiley & Sons, 2008.Doi:https://dx.doi.org/10.1036/0071482431
H. Yan, S. Dai, P. Liu, and Y. Zhu, “Synergistic mechanism of ternary green corrosion

inhibitors for N80 steel in 20 wt% HCI solution: Encapsulation and transportation of vanillin
through micelles formed by ionic liquids,” Corros. Sci.,, vol. 227, p. 111750,
2024,Doi:https://doi.org/10.1016/j.corsci.2023.111750
M. A. Quraishi, D. S. Chauhan, and F. A. Ansari, “Development of environmentally benign
corrosion inhibitors for organic acid environments for oil-gas industry,” J. Mol. Liq., vol. 329,
p. 115514, 2021. Doi:https://doi.org/10.1016/j.molliq.2021.115514
A. Sedik et al., “Dardagan Fruit extract as eco-friendly corrosion inhibitor for mild steel in 1 M
HCI: Electrochemical and surface morphological studies,” J. Taiwan Inst. Chem. Eng., vol. 107,
pp. 189-200, 2020. Doi:https://doi.org/10.1016/j.jtice.2019.12.006
A. Saxena, D. Prasad, and R. Haldhar, “Investigation of corrosion inhibition effect and
adsorption activities of Cuscuta reflexa extract for mild steel in 0.5 M H2SO04,”
Bioelectrochemistry, vol. 124, pp. 156-164, 2018.
Doi:https://doi.org/10.1016/j.bioelechem.2018.07.006
M. Toorani, M. Aliofkhazraei, M. Mahdavian, and R. Naderi, “Superior corrosion protection
and adhesion strength of epoxy coating applied on AZ31 magnesium alloy pre-treated by
PEO/Silane with inorganic and organic corrosion inhibitors,” Corros. Sci., vol. 178, p. 109065,
2021. Doi:https://doi.org/10.1016/j.corsci.2020.109065

M. Damej et al., “Performance and interaction mechanism of a new highly efficient
benzimidazole-based epoxy resin for corrosion inhibition of carbon steel in HCI: A study based
on experimental and first-principles DFTB simulations,” J. Mol. Struct., vol. 1273, p. 134232,
2023, Doi:https://doi.org/10.1016/j.molstruc.2022.134232
X. Feng, Q. Yu, B. Li, and J. Kan, “Comparative analysis of carotenoids and metabolite
characteristics in discolored red pepper and normal red pepper based on non-targeted
metabolomics,” LWT, vol. 153, p. 112398, 2022.Doi:https://doi.org/10.1016/j.Iwt.2021.112398
E.-H. Kimetal., “A comparison of the nutrient composition and statistical profile in red pepper

fruits (Capsicums annuum L.) based on genetic and environmental factors,” Appl. Biol. Chem.,
vol. 62, pp. 1-13, 2019. Doi:https://doi.org/10.1186/s13765-019-0456-y

M. Chouaibi, L. Rezig, S. Hamdi, and G. Ferrari, “Chemical characteristics and compositions
of red pepper seed oils extracted by different methods,” Ind. Crops Prod., vol. 128, pp. 363—
370, 2019. Doi:https://doi.org/10.1016/j.indcrop.2018.11.030

M. H. Yusoff et al., “An Electrochemical evaluation of synthesized coumarin-Azo dyes as
potential corrosion inhibitors for mild steel in 1 M Hcl medium,” Int. J. Electrochem. Sci., vol.
15, no. 12, pp. 11742-11756, 2020. Doi:https://doi.org/10.20964/2020.12.43

N. Agyepong, C. Agyare, M. Adarkwa-Yiadom, and S. Y. Gbedema, “Phytochemical
investigation and anti-microbial activity of Clausena anisata (Willd), Hook.,” African J. Tradit.
Complement. Altern. Med., vol. 11, no. 3, pp. 200-2009,
2014.Doi:https://doi.org/10.4314/ajtcam.v11i3.38

B. M. Praveen, B. M. Prasanna, N. M. Mallikarjuna, M. R. Jagadeesh, N. Hebbar, and D.
Rashmi, “Investigation of anticorrosive behaviour of novel tert-butyl 4-[(4-methyl phenyl)
carbonyl] piperazine-1-carboxylate for carbon steel in 1M HCI,” Heliyon, vol. 7, no. 2,
2021.Doi:https://doi.org/10.1016/j.heliyon.2021.e06090

113


https://doi.org/10.1016/j.colsurfa.2021.126894
https://doi.org/10.1016/j.crgsc.2021.100227
https://doi.org/10.1016/j.corsci.2023.111750
https://doi.org/10.1016/j.molliq.2021.115514
https://doi.org/10.1016/j.jtice.2019.12.006
https://doi.org/10.1016/j.bioelechem.2018.07.006
https://doi.org/10.1016/j.corsci.2020.109065
https://doi.org/10.1016/j.molstruc.2022.134232
https://doi.org/10.1016/j.lwt.2021.112398
https://doi.org/10.1016/j.indcrop.2018.11.030
https://doi.org/10.20964/2020.12.43
https://doi.org/10.4314/ajtcam.v11i3.38

Red pepper extract... J. Basrah Res. (Sci.) 50(1), 97 (2024).

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

S. Deng, X. Li, and H. Fu, “Alizarin violet 3B as a novel corrosion inhibitor for steel in HCI,
H2S0O4  solutions,”  Corros. Sci.,, vol. 53, no. 11, pp. 3596-3602,
2011.Doi:https://doi.org/10.1016/].corsci.2011.07.003

R. Lopes-Sesenes, G. F. Dominguez-Patifio, J. G. Gonzalez-Rodriguez, and J. Uruchurtu-
Chavarin, “Effect of flowing conditions on the corrosion inhibition of carbon steel by extract of
buddleia perfoliata,” Int. J. Electrochem. Sci., vol. 8, no. 1, pp. 477-489,
2013.Doi:https://doi.org/10.1016/S1452-3981(23)14035-1
R. H. Tammam, A. M. Fekry, and M. M. Saleh, “Understanding different inhibition actions of
surfactants for mild steel corrosion in acid solution,” Int. J. Electrochem. Sci, vol. 11, pp. 1310-
1326, 2016.Doi:https://doi.org/10.1016/S1452-3981(23)15923-2
Zheng, L., Landon, J., Matin, N. S., Thomas, G. A., & Liu, K. Corrosion mitigation via a pH
stabilization method in monoethanolamine-based solutions for post-combustion CO2
capture. Corrosion Science, 106, 281-292,
(2016).Doi:https://doi.org/10.1016/j.corsci.2016.02.013

M. Negache, K. Taibi, N. Souami, H. Bouchemel and R. Belkada: Intermetallics ,36,P.
73-80, (2013). Doi:https://doi.org/10.1016/j.intermet.2013.01.001

Singh, A., Kumar Singh, A., & A Quraishi, M. Dapsone: a novel corrosion inhibitor for mild
steel in acid media. The Open Electrochemistry Journal, 2(1),
(2010).Doi:https://doi.org/10.2174/1876505X01002010043
A. M. Al-Sabagh, N. G. Kandil, O. Ramadan, N. M. Amer, R. Mansour, and E. A. Khamis,
“Novel cationic surfactants from fatty acids and their corrosion inhibition efficiency for carbon
steel pipelines in 1 M HCL” Egypt. J. Pet, vol. 20, no. 2, pp. 47-57, 2011.
Doi:https://doi.org/10.1016/j.ejpe.2011.06.007
A. Al Bahir, “Estimation of the performances of creatine and creatinine as eco-friendly
corrosion inhibitors for copper in sodium hydroxide solution,” Int. J. Electrochem. Sci., vol. 18,
no. 4, p. 100040, 2023.Doi:https://doi.org/10.1016/j.ijoes.2023.100040
M. A. Quraishi, A. Singh, V. K. Singh, D. K. Yadav, and A. K. Singh, “Green approach to
corrosion inhibition of mild steel in hydrochloric acid and sulphuric acid solutions by the extract
of Murraya koenigii leaves,” Mater. Chem. Phys., vol. 122, no. 1, pp. 114-122,
2010.Doi:https://doi.org/10.1016/j.matchemphys.2010.02.066
A. Toghan et al., “Computational foretelling and experimental implementation of the
performance of polyacrylic acid and polyacrylamide polymers as eco-friendly corrosion
inhibitors for copper in nitric acid,” Polymers (Basel)., vol. 14, no. 22, p. 4802, 2022.
Doi:https://doi.org/10.1016/j.matchemphys.2010.02.066
T. Szauer and A. Brandt, “Adsorption of oleates of various amines on iron in acidic solution,”
Electrochim. Acta, vol. 26, no. 9, pp. 1253-1256, 1981.
Doi:https://doi.org/10.1016/00134686(81)85107-9
T. Douadi, H. Hamani, D. Daoud, M. Al-Noaimi, and S. Chafaa, “Effect of temperature and
hydrodynamic conditions on corrosion inhibition of an azomethine compounds for mild steel in
1 M HCIl solution,” J. Taiwan Inst. Chem. Eng., vol. 71, pp. 388-404, 2017.
Doi:https://doi.org/10.1016/j.jtice.2016.11.026
V. R. Saliyan and A. V. Adhikari, “Quinolin-5-ylmethylene-3-{[8-(trifluoromethyl) quinolin-
4-yl] thio} propanohydrazide as an effective inhibitor of mild steel corrosion in HCI solution,”
Corros. Sci., vol. 50, no. 1, pp. 55-61, 2008. https://doi.org/10.1016/j.corsci.2006.06.035
A. K. Singh and M. A. Quraishi, “Effect of 2, 2’ benzothiazolyl disulfide on the corrosion of
mild steel in acid media,” Corros. Sci., vol. 51, no. 11, pp. 2752-2760,
2009.Doi:https://doi.org/10.1016/j.corsci.2009.07.011
H. M. Abd El-Lateef, M. Ismael, and I. M. A. Mohamed, “Novel Schiff base amino acid as
corrosion inhibitors for carbon steel in CO2-saturated 3.5% NaCl solution: experimental and
computational study,” Corros. Rev.,, wvol. 33, no. 1-2, pp. 77-97, 2015.
Doi:https://doi.org/10.1515/corrrev20140059
D. S. Chauhan, M. A. J. Mazumder, M. A. Quraishi, and K. R. Ansari, “Chitosan-
cinnamaldehyde Schiff base: A bioinspired macromolecule as corrosion inhibitor for oil and

114


https://doi.org/10.1016/j.corsci.2011.07.003
https://doi.org/10.1016/S1452-3981(23)14035-1
https://doi.org/10.1016/S1452-3981(23)15923-2
https://doi.org/10.1016/j.corsci.2016.02.013
https://doi.org/10.1016/j.intermet.2013.01.001
http://dx.doi.org/10.2174/1876505X01002010043
https://doi.org/10.1016/j.ejpe.2011.06.007
https://doi.org/10.1016/j.ijoes.2023.100040
https://doi.org/10.1016/j.matchemphys.2010.02.066
https://doi.org/10.1016/j.matchemphys.2010.02.066
https://doi.org/10.1016/00134686(81)85107-9
https://doi.org/10.1016/j.jtice.2016.11.026
https://doi.org/10.1016/j.corsci.2006.06.035
https://doi.org/10.1016/j.corsci.2009.07.011
https://doi.org/10.1515/corrrev20140059

A.K. Aksh, A.S. Abdul Nabi

gas industry,” Int. J. Biol. Macromol., wvol. 158, pp. 127-138, 2020.
Doi:https://doi.org/10.1016/j.ijbiomac.2020.04.200

[37] A.Toghan, M. Khairy, M. Huang, and A. A. Farag, “Electrochemical, chemical and theoretical
exploration of the corrosion inhibition of carbon steel with new imidazole-carboxamide
derivatives in an acidic environment,” Int. J. Electrochem. Sci., vol. 18, no. 3, p. 100072, 2023,
Doi:https://doi.org/10.1016/j.ijoes.2023.100072

115


https://doi.org/10.1016/j.ijbiomac.2020.04.200
https://doi.org/10.1016/j.ijoes.2023.100072

U Journal of Basrah Researches (Sciences) 50(1), 97 (2024)
DOI: https://doi.org/10.56714/bjrs.50.1.9

s N3 1 A N80 (s sl IV il Al Gaaa JSU Laflal jaal) JAMAY (aliiies
dandace A 5199 ) ga g AnilaasS g S Silal ja sl ) 518 g augd) (aan (e

el ae olale lide (ige LA e

a6yl 3 pead dadla ¢ juall o hall A 1) S colasll auid

oadld) Gaanl) Gla slaa

Alad Al ol (Gl a1 Jaldll) ) Jadiall (e 380 53 )l yaaant o
Y delin 8 Alerisal) s N8O (5 52 SU 3V 8l (o A ons JST ayil 2024 )22 AwY
il Ailine s 5l ja a3 (HCT IM) (e oomnels Jslae 3 4ail) 2024 )4 07 Jsal
8oS (5 Jlad (IS Lafiall o) 2y coband) a5 e Sl A 202400230 A
& AN Akl dlaw 305 s Ladiall 355 8al 5y Ao Lyl i
Axous (200 ppm) S v 92.69 L s:US ot ) Jgea sl 4alital) cilalsl
il (C) Skl bafiall 258 50 J& (CR) ISt Ay ()5 298 K 3, )~ i

) bl Ssms s (HCI IM) oumelall gl 3 JSHED e e ¢l Bl (Jsul)
Gl Lidl 3 (1138 mpy) el g b (1558mpy o el Bl el
C.di; Caais L.'A:J} lcorr il 43S lass SUY Cuun dgayg ediimd\ @.?.’}Usn

Waall JCE S AU aids Lafidl dila) Ja 3 Uiy

A/ICM?) ) Ladie 50 Al 3422 (MLA/CM?) e N8O 52 S o
fim J:Z:‘:i(C) LAl e (200 ppn(1l)1 e szhs 3 45 25 Chatlom: A Ak, &5

_ ' _ = < ul Nabi, J. Basrah Res.
i gl Gle ganall 39a g FT-IR 48 cadl | (A8 4 93Y) Janiill  DOI:https://doi.org/10.56714/
alasiial i Lyl 5 4l Al GaS il A jo g Jadial) 83 padall il Al s bjrs.50.1.9
Akl e oyl dal e (SEM) sl (5 5SS (5 el Gandll
O Leilaad g K1 Y 8l A mrdans e Jadlall (e i S5 311 A8 )

LJsul)
“Corresponding author email : adnan.abdulnabi@uobasrah.edu.iq
@ ©2022 College of Education for Pure Science, University ISSN: 1817-2695 (Print); 2411-524X (Online)
. of Basrah. This is an Open Access Article Under the CC Online at: https://jou.jobrs.edu.ig

by License the CC BY 4.0 license.



https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.56714/bjrs.50.1.9
https://creativecommons.org/licenses/by/4.0/
https://jou.jobrs.edu.iq/
https://doi.org/10.56714/bjrs.50.1.9
https://doi.org/10.56714/bjrs.50.1.9

