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Article Info ABSTRACT
Corrosion is one of the most important problems that face the petroleum industry, both
Received production and refining, and cause damage to petroleum equipment, tanks, and transmission
11/03/2023 lines, and increasing maintenance costs. in this study, was adding six concentrations of the
drug expired Cefoperzone (Exp CEF) (50, 100, 200, 300, 400, and 500 ppm) to a Simulated
Oil Well Water (SOWW), the inhibitive role of (Exp CEF) drugwas investigatedto Reduce
Revised the corrosion risk of carbon steel. Four different temperatures were used to conduct
06/04/2023 electrochemical tests (303, 313,323 and 333 K) to achieve the study. The study was then
supported by an examination of the inhibited surface using field emission scanning electron
Accepted microscopy with energy dispersive (FESEM) and (AFM). The resultsindicated occurring the
212 inhibition by an anodic inhibitor that controls the dissolution of iron from steel gave the
27/04/2023 highest inhibition efficiency (IE%) by adding 500 ppm, while the calculation of polarization
resistance (Rp) gave the highest resistance by 400 ppm through adsorptionthe added drug to
Published show flakes shaped structures with decreasing surface roughness (R,) from 307.1to 83.15
30/09/2023 nm after inhibition. The calculation of adsorption isotherm confirmed the obeying of
Langmuir adsorption isotherm by giving the coefficient of linear regression was aboutone in
the range 0f 0.999 > R? > 0.995, with the spontaneous adsorption that estimated from the
negative values of AGY,;. and variation in the type of adsorption to be physically or
chemlcallyaccordlngto the added concentration because of the differential sign of AHY,,.
The sign of AS?,, was positive thatreflecting the increase in randomness at the metal/solution

interface.

KEYWORDS: Carbon steel; Drug; Simulated oil well water; Green inhibitor.
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INTRODUCTION construction of various oil equipment, but it is

Low-carbon steel is the kind of alloy that is  subject to corrosion, just as other metals and

employed the most (approximately 85%) in the  alloys [1][2]. Metals and alloys make an effort
31
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to revert to disorder, but an external factor,
such as inhibitors, can significantly slow down
this process. Because of their anti-corrosive
qualities, inhibitors have been the most widely
used strategy in the industry for protecting
numerous metal surfaces against corrosion in
recent years [3]. The technique of introducing
compounds that greatly slow down and stop the
corrosion process in small doses is known as
inhibition. Numerous investigations have been
conducted to ascertain the effectiveness of
inhibition for organic material, particularly
heterocyclic derivativesto lessen the corrosion
of metals, Recently, many authors have
selected triazole derivatives as anti-corrosive
materials in different environments due to
several reasons such as the possibility of their
preparation with good yields from commercial
materials also they contain three nitrogen atoms
and m-system. These properties are a reason
make the triazoles an excellent class of
corrosion inhibitors, which were investigated
by many authors, for example, Belghiti et al.
[4] studied the corrosion inhibition
performance of a 4-amino-3,5-bis
(disubstituted)-1,2,4-triazole derivatives for
mild steel in phosphoric acid solution, the
results exhibited that these compounds have
good inhibition properties.

In the present work, the Cefoperazone drug
which has a chemical formula shown in Figure
1 will be used to inhibit carbon steel in a
simulated fuel medium with generation H2S
gas at four temperatures by Potentiostat device.
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Figure 1: Chemical structure of cefoperazone drug.

MATERIALS AND METHODS
Specimens

Steel samples were brought from the projects
department responsible for the design of crude
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oil and its derivatives tanks in the Maysan
Refinery and the processing complex in the
Maysan Oil Company. The obtained results (in
wt %) were: C (0.24), Si (0.51), Mn (0.9), P
(0.035), S (0.04), Cr (0.0132), Cu (0.2), and Fe
(remainder). To achieve the final specimen
shape, samples of 2 * 2 cm were prepared in
the workshop of the University of Technology.
The samples' thickness was decreased by
grinding equipment from 6-8 mm to 3-3.2 mm.
To create a smooth surface, the samples with a
surface area of 2*2 cm? and a thickness of 3
mm were ground and polished with SiC emery
sheets (grit 400, 600, 800, 1000, 1200, and
2500). In the final phase, the specimens were
cleaned with acetone to remove any remaining
grease before being dried and placed in plastic
containers for electrochemical analysis.

Corrosive Medium

To simulate the real water of the oil well, 500
ml of water was prepared in the standard
measuring flask (SMF) by adding three
components (0.305g of anhydrous calcium
chloride (CaCl;), 3.5g of sodium chloride
(NaCl) and 0.186g of magnesium chloride
(MgCl,)) to double distilled water (ddH20).
before conducting the experiment, the smell of
hydrogen sulfide (H2S) gas should be tested by
mixing0.03g of sodium sulfide with
concentrated hydrochloric acid (HCL) solution
[16].

Characterization Measurements

The polished, inhibited and uninhibited
surfaces were imaged using the scanning
electron microscopy (SEM) technique, and
were measured the elemental components by
the energy dispersive X-ray spectroscopy
(EDS) test, (TESCAN MIRA3 FRENCH).

In addition, the changes in the surfaces (before
and after the inhibition process). Were
examined by an atomic-force microscope
(AFM; AA3000/220V, Angstrom Advanced,
Inc. USA).

Corrosion Test

The electrochemical technique used in this
study was carried out using a traditional three-
electrode system made up of a 1 cm? surface
area of a mild steel specimen as a working
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electrode and a potentiostat/galvanostat
representing the reference electrode. High-
purity platinum served as the auxiliary
electrode (WINKINK M Lab 200). The overall
emulsion solution from simulated oil well
water and all the electrochemical experiments
(at 303, 313, 323, and 333 K) were performed
using a digitally controlled water bath. The
working electrode was immersed in the
corrosive solution until a steady state was
attained between the sample and the electrolyte
(with and without the inhibitor). The Curves of
Tafel plots were recorded the electrode's
current was automatically varied from -15 to +-
15mA to record the density of corrosion current
(icorr), the corrosion potential (Ecor), and the
Tafel slopes at a scan rate of 1 mA/s (bc and
ba).

RESULTS AND DISCUSSION
Electrochemical Properties

Cefoperazone has been added to a simulated
fuel medium (SFM) with six concentrations
(50, 100, 200, 300, 400, and 500 ppm) to study
its role as an inhibitor for carbon steel at four
temperatures (303, 313, 323, and 333 K).
Figure 2 illustrates the curves of polarization
for carbon steel in both the presence and
absence of Cefoperazone that shows the
cathodic regions where Equ. (1) represents how
hydrogen is reduced:

2H* +2e > H, 1 (1)

Even in anodic regions, iron atoms dissolve or
ionize by the Equ. (2):

Fe — Fe?* + 2e (2)

The addition of Cefoperazone to the corrosive
medium leads to shifting corrosion potential

(Ecorr) toward noble wvalues confirming
Equ.(3):
C_R (mm/y) =3.27%i_corr (e/p) 3)

using the value of equivalent weight (e) and
density (p) of the substrate. The important
parameter uses to estimate the role of inhibition
is inhibition that this drug behaves as an anodic
inhibitor (i.e., reduces the dissolution of iron

atoms through blocking the anodic sites and
then reduces the consumption of the electrons
at cathodic sites). After adding Cefoperazone,
the density of corrosion current (icor) reduced,
demonstrating the inhibitory effect of this
medication, which has a direct relationship to
the corrosion rate (C_R), which was computed
using the Equ. (4) and is shown in Table 1
[17][18]. In this Table, efficiency (IE%)
calculated using the current density values in
the absence (icorr,uninhibited medium) and
presence (icorr,inhibited medium) of the drUg as
follow [19][20]:

Lcorr,inhibited medium

IE% = |1 - x 100 (4)

Leorruninhibited medium
The data in Table 1 indicate that the best
concentration is 500 ppm which gave the
highest IE% values.
To identify the resistance of the metallic
material against corrosion, Polarization
resistance (Rp) can be utilized by using the
Equ. (5):

AE
Rp = (37)a5-0 ()

Where, AE is the distinction between the
applied potential and the (Ecor) and Ai is the
polarization current that results.

The Polarization resistance (Rp) can be
calculated by the expression [21][22] by
Equ.(6):

_ b. X b, 6
"~ 2.303 Xigorr(be + by) ©)

The data of polarization resistance (Rp) for the
drug are shown in Figure 3, which indicates
that 400 ppm of Cefoperzone gives the highest
resistance for steel surfaces. As shown in
Figure 7, the Langmuir and Freundlich
isotherms are the most widely employed to
describe sorption data from solution Figure 7,
Langmuir and Freundlich equations were used
to calculate cadmium adsorption onto barley
ash. Then, as reported in, isotherm studies were
performed.

Rp
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Figure 2: Polarization curves of corrosion inhibition by Cefoperzone at fourtemperatures.

Table 1: Corrosion data of Cefoperzone inhibitor in simulated fuel medium at four temperatures.

Conc. Temp -Ecorr i X102 -be +b, Cr Rp IE
ppm K Vv A.cm? mV.dec! mm/y Q.cm? %
303 0.585 0.17187 250.54 16341 20.162 24.98
Blank 313 0.597 0.3611 317.3 22791 42.361 15.94
323 0.596 0.8995 54156 351.36 105.52 10.28
333 0.589 1.9523 967.69 51268 229.02 7.45
303 0.546 0.0267 21594 11065 3.137 11898 84.47
50 313 0.559 0.0559 198.23  133.12 6.5532 61.86 84.52
323 0.562 0.1646 277.89 17867 19.309 28.68 81.70
333 0.565 0.34136 346.07 23942 40.046 18.00 82.51
303 0.534 0.01775 180.64 98.486 2.0824 155.91 89.67
100 313 0.554 0.0298 16453 114.88 3.4959 98.56 91.75
323 0.550 0.0850 200.7 14275 9.9749 4261 90.55
333 0.551 0.2002 26345 183.33 23.485 23.44 89.75
303 0.526 0.0135 198.78 93,578 15825 204.64 92.15
200 313 0.540 0.0212 148.7 10165 2.4858 123.66 94.13
323 0.539 0.0605 178.72 12253 7.1001 52.17 93.27
333 0.545 0.1410 210.71 1496  16.546 26.94 92.78
303 0.494 0.0160 14893 97.096 1.8724 159.51 93.25
300 313 0.514 0.0392 163.22 13458 4.6019 81.70 95.82
323 0.533 0.0748 203.96 163.22  8.773 52.63 96.28
333 0.536 0.1906 278.05 226.78 22.357 28.45 95.11
303 0.522 0.0116 22141 10146 1.3629 260.44 90.69
400 313 0.527 0.0151 173.2 10287 1.7662 185.58 89.14
323 0.538 0.0335 171.6  123.19 3.9333 92.94 91.68
333 0.541 0.0955 226.04  159.67 11.2 42.54 90.24
303 0.512 0.0103 20352 73.627 1.21 227.93 94.01
500 313 0.524 0.0137 125.99 76.85 1.6022 151.29 96.21
323 0.531 0.0257 118.76  83.214 3.0154  82.66 97.14
333 0.530 0.0673 13321 93.695 7.8954 35.48 96.55
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Table 2: Activation energies for corrosion and inhibition.

(1) 303, 2) 313, (3) 323and (4) 333

Figure 3: Polarization resistance behavior after inhibition
by Cefoperazone.

Kinetic Properties and Mechanism

The rate of corrosion (Cg) in an experimental
environment is directly proportional with values
of corrosion current density (i) according to
the Arrhenius Equ.(7), as follows:

icory = A.e Fa/RT ()

Where: A is a pre—exponential factor and E is
activation energy which is estimated from the

slope of plotting logi o - Versus % while T and

R are temperature in Kelvin and gas constant
(see Figure 4). Activation energies in presence
of Cefoperazone varied with concentration (see
Table 2) which due to variation in active centers
that have electron affinity to the positively
charged metallic surface to be adsorbed on it
such as nitrogen atoms (—N—) within rings,
amine groups (—NH—), carbonyl groups

(>C=0), carboxylic group, sulfur atoms (—S—
) and phenol group that work by act a barrier
between the surface of the metallic and
corrosive species as illustrated in suggested
mechanism in Figure 5.

Cefoperzone

600

+ at303 K
mat313 K
at3zz K

at33z K

0 100 200 300 400 500 600
Cions PP

Figure 4: Arrhenius plots for inhibition.
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Figure 5: Langmuir adsorption isotherm plots.

Adsorption Isotherm

Adsorption is primarily influenced by a variety
of aspects of the metallic surface and the types
of hindered molecules with activity centers.
Physical adsorption and chemical adsorption are
the two interactions that lead to the attachment
of the inhibitor with the surface of the metal
during adsorption. The degree of surface
covering (0) for different inhibitor
concentrations has been estimated using Equ.
(8) to derive the adsorption isotherm.:

0 = IE% + 100 (8)

Langmuir adsorption isotherm is given by the
Equ. (9):

Cinn 1
= + G 9
e I(ads inh ( )

@ @ @ Copyright © 2023 Al-Mustansiriyah Journal of Science. This work licensed under a Creative Commons Attribution \\is
Noncommercial 4.0 International License. A....,.. .



Kadhim et al.

Study the Corrosion Inhibition on the IragiFuel Tanksusing Cefoperazone Drug

2023

where Cinn represents the concentration of the
inhibitor inside the bulk medium and Kags
represent the equilibrium constant of the
adsorption-desorption process., the plotting of

Cinh/e versus Cipp, at experimental temperatures

gives straight lines (see Figure 6) that confirm
the obeying to Langmuir adsorption isotherm,
where the linear regression coefficient close to
one with R? values in the range of 0.999 > R? >

0.995 as listed in Table 3. The Langmuir
isotherm is based on the hypothesis that each
spot of the metal surface has one molecule
adsorbed there (Drug). Consequently, one of the
drug molecules replaces one of the adsorbed
H>O molecules. [23]. To determine the apparent
free energy of adsorption (AGCads), the
following relation was used [24].

0 ]
-0.002 03 _%_4____\____‘
-1
-0.004 ) + 50 ppm
-1.5 =100 ppm
% -0.006 wsooom| |2 2 200 ppm
E = 100 ppn| E. ¥ izz pp:
%m -0.008 | 322 zz: ?i 25 500 SZm
Dg -0.01 + 400 ppr| 2 3
500 ppn)| 35
-0.012
-0.014 E \:\j as
_ .
-0.016 -5
0.00295 0.003 0.00305 0.0031 0.00315 0.0032 0.00325 0.0033 0.00335 300 305 310 315 320 325 330 335
1/T, K1 TK
Figure 6: The relation between free energy and temperature for adsorption.
Table 3: R? values foradsorption. interactions between the charged molecules and
Temp. (K) R? value the charged metal surface.
303 0.999 The enthalpy of adsorption (AHZ;) can be
313 0.995
calculated from the Gibbs—Helmholtz equation
323 0.997 251
333 0.997 [25]:
AGS4s AHY4
Angs .F == Ta =+ Kads (11)
= —2.303RT log55.5 K45, where K44
0
= (10) Plottmg ads versus — > leads to get AH24, from
Cinh(1 - 9)

The values of K,qs and AG4, are shown in
Table 4.

The negative values of AGJ4, demonstrated the
drug's spontaneous adsorption and the very
minimal interaction between the surface of the
metal and the inhibitor. Revealing the physical
adsorption interaction between the drug
molecules on the steel surface and the adsorbed
drug molecules, the values of Kads are
comparatively low, which is supported by low
negative values. (AGoads), where the (AG34)
values reach -20 kJ/mol imply physical
adsorptionand are compatible with electrostatic

S
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slopes of stralght I|nes as in Figure 6) and the
data are showed in Table (5). The negative sign
of AHZ4 was shown for 50 and 100 ppm
indicating the exothermic process which
suggest either physic- or chemisorption, while
the positive sign was obtained for 200, 300, 400
and 500 ppm which indicating the endothermic
process for adsorption that suggest a
chemisorption of Cefoperzone. To calculate he
entropy of adsorption AS2,., the following
equation can be used shown in Figure 6 to
calculate Equ. (12):

[a(AGadS)

aT (12)

l ASads
P
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The value of AS?,. is positive that reflecting the

increase

ads

randomness at the metal/solution

interface as shown in Table 5.

Table 4: Parameters of adsorption isotherm for inhibition

by Cefoperzone at four temperatures.

Table 5: The change in enthalpy and entropy for
adsorption.

- :
C;;r;:]., AHadsii’Klﬁj'mOI AS2,. , kJ.mol*
50 -5.329 -0.0024
100 -0.818 0.0101
200 +1.202 0.0135
300 +10.136 0.0402
200 +1.142 0.0059
500 +17.450 0.0612

Temp., Conc., K —AG2,.,
K ppm ads kJ.mol*
50 0.108783 | 4.53019
100 0.086805 | 3.961553
303 200 0.058694 | 2.975567
300 0.046049 | 2.364243
400 0.024353 | 0.759095
500 0.031389 | 1.398589
50 0.109199 | 4.689635
100 0.111212 | 4.737181
313 200 0.080179 | 3.885615
300 0.076411 | 3.760352
400 0.02052 | 0.338463
500 0.05077 2.6963
50 0.08929 | 4.298827
100 0.09582 | 4.488418
393 200 0.069294 | 3.617886
300 0.086272 | 4.206498
400 0.027548 | 1.140329
500 0.06793 | 3.564483
50 0.094351 | 4.584596
100 0.087561 | 4.377783
333 200 0.064252 | 3.5207
300 0.064833 | 3.545623
400 0.023115 | 0.68977
500 0.055971 | 3.138624

SEMHV:200 kv |

View fieid: 127

WD: 7.57 mm
pm Det: SE

SEM MAG: 1.00 kx | Date(m/dly): 09/26/22 |

FESEM Examination

Figure 7 shows the morphology of the polished
steel surface indicating a clean surface with
some scratches during the grinding and
polishing process, at two magnifications for all
images. Figure 8 indicates the morphology of
the corroded steel surface in a simulated fuel
medium illustrating the damage at anodic and
cathodic sites. While Figure 9 shows the
morphology of inhibited surfaces
by Cefoperazone with less risk through the
adsorption of drug molecules on the surfaces
that appear as flakes shaped structuresto isolate
the surface from a corrosive environment. The
EDS analysis (see Figure 10) for polished
surfaces shows the peak of iron (Fe) as a main
element, as shown in Figure 10a, in steel
composition, while after corrosion as illustrated
in Figure 10b, it is known that the surface may
form a passive layer to show the peaks for iron
and oxygen O. Figure 10c highlights the EDS
analysis for inhibited surface indicates the
presence of carbon (C), oxygen (O) and sulfur
(S) due to adsorption of drug molecules that
contain these elements in their chemical
formula.

SEM Hv: 200 kv | WD: 7.57 mm

'
View field: 1.27 pm Det: SE | 200 nm
SEM MAG: 100 kx Date(m/dly): 09/26/22

Figure 7: FESEM of corroded base specimen.
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Figure 10: EDX analysis of polished, corroded and inhibited specimen.
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AFM Examination

Figure 11 shows the topographical exam of the
polished surface in two (2D) and three (3D)
dimensions with the columns -shaped
topography due to the grinding and polishing
process followed by the presence of some
valleys and peaks in the corroded surface due to
pits as anodic sites (see Figure 12) with increase
in values of the root-mean-square height (Rg),
the arithmetic mean height (R_a), maximum
height (Rz), and developed interfacial arearatio
(Rdr) as listed in Table 6. The increasing in
surface roughness (R,) from 12.97nm to

Z-Axis - Scan forward _Line fit

Line it 36.9nm

oum - 4.53um

307.1nm is due to corrosion damage. Figure 13
shows the topography for inhibited surfaces by
the drug’s molecules indicating clear adsorption
of molecules on the surfaces with decreasing in
the data of AFM analysis, where the maximum
height (Rz) is reduced and the surface
roughness (R,) also reduced to 83.15 nm.
Figure 14 shows the profile for surfaces that
have been polished, rusted, and inhibited, with
variation in mean depth as 10.56 nm for
polished, 235.9 nm for corroded, and 99.71 nm
for inhibited surfaces.

Figure 11: 2D and 3D images for polished steel surface.

Z-Axis - Scan forward Line fit
i - 3

Line fit 1.07um

- Agis range

4.45m
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Figure 12: 2D and 3D images for corroded steel surface.
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Z-Axis - Scan forward Line fit
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Figure 13: 2D and 3D images for inhibited steel surface.
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Figure 14: Profile of topography of: (a) polished, (b) corroded, and (c) inhibited.

Table 6: AFM data of samples.

Data Polished surface Corroded surface Inhibited surface
Root-mean-square height (Rq) 15.51 um 383.3 nm 101.8 nm
Maximum height (Rz) 98.47 pm 4357 nm 727.9 nm
Arithmetic mean height (Ra) 12.97 pm 307.1 nm 83.15 nm
Deyeloped interfacial area 0.6077 % 76.55 % 13.79 %
ratio (Rar)

CONCLUSIONS

On mild steel surfaces, the anti-corrosion
potency of six concentrations of Cefoperazone
derivatives (50, 100, 200, 300, 400, and 500

ppm) was evaluated in simulated oil well water
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(SOWW). 303-333 Kelvin can be measured
via polarization and a potentiostat.
efficiency of the inhibitor has been verified

The
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using a variety of methods, including a study of
thermodynamics, theoretical calculations, and
an analysis of the morphology of the metallic
exterior. These researches led to the following
findings, which are simplified into the
following:

e The measurement of polarization reveals that
Cefoperazone inhibitor achieved the greatest
level of 97.14% inhibition efficiency, the
concentrationat 323 K (500 ppm).

e Based on the Tafel extrapolation curve
inhibitor, the medicine Cefoperazone works
as a mixed-type inhibitor.

e The physical contact of this chemical on the
corroded metal causes the inhibitory
efficiency of the Cefoperazone inhibitor to
increase as the temperature rises from 303 K
to 333 K. and a steel surface free of
corrosion.

e The inhibitory  mechanism's
complies with model of Langmuir.

e The interaction between an inhibitor and a
steel surface is suggested by the low free
energy and equilibrium constant values.

e The adsorption of molecules falls under the
area of physical adsorption.

e The SEM/EDS data supported the adsorption
process, by employing AFM while applying
Cefoperazone inhibitor to the steel surface to
decrease the number of cracks and pits. The
findings revealed that the average surface
roughness increased as a result of the steel's
protective coating.

isotherm
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