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Abstract

Corrosion is a major issue affecting the durability and performance
of various metallic materials, leading to substantial economic losses
and safety hazards. The corrosion of reinforced steel in sodium
chloride environment poses a significant concern for various
industrial applications. This study aims to investigate the corrosion
inhibition properties of expired pentoxifylline drug on reinforced
steel in a 3.5% NaCl solution. The mass loss method was utilized to
quantify the corrosion rate and assess the efficiency of the expired
pentoxifylline drug as a potential corrosion inhibitor. The results
indicate that the corrosion rate of steel in the 3.5% NaCl solution
decreased significantly in the presence of expired drug. Higher
concentrations of expired drugs have shown a greater impact on
corrosion inhibition. Investigation of the effects of temperature on
corrosion inhibition efficacy. The inhibition efficiency increased
with increasing concentrations of the inhibitor and decreased with
increasing immersion time. The experimental data were tested
according to the Langmuir adsorption isotherm, through which the
equilibrium adsorption constant (Kags) was calculated and found to
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be 4.38 litres mol™ as the maximum value when immersed for one
day. The standard free energy of adsorption (AG2,,) ranged from 45
to 30.5 kJ mol ™,

Keywords: Reinforced steel, sodium chloride medium, inhibition,
expired drugs, pentoxifylline

% 3.5 duwly as gual) J:\JJAS‘"A Ssiall caluall ST Jausis
ALY (lalh duald 1daadual) giia GablawSsiy Jlie alaiiub

ldal.h (e cILJAJ (53&5 ‘zeum\ yi ‘,\:\3) s*lgulgﬂ‘ PRAITS
Tt g Zdla <lgafpsbal S celial pu

oailal)

&) a5 Lee cdilidall Andeal) dgall olaly Ailie o 55 Ay A0 JSEI 2ay
g 8 (gsrall Weal) JSE IS AL e haliag 38 Aol ilaa
Lahal oda Caags Ldpeliall Glipkil) e aell 50 BB jaas aggeall 2)6lS
Wall o Tl dugine Gl ofsad JSE Jasis (ailad )y )
Jara (el ALK ()3 dayyla aladiud &3 .%3.5 agpigeall 0yslS Jolaa 8 (5504l
e KU Jaine i€ Aadlall giie GulitaSsinll slgs 8oUS aniy JST
IS il %3.5 asgeall )5S Jolae & Nl IS Jara o ) et
Oo oY) S el L Amdlall dugiie GulibeSs) elgs dgns 8 Lagale
5Ly ae a5l ol LJSEN i e ST Bl dadlal) dgiie dusdYl
oebial g dayaal) il HLssl o5 jarll (e) 8315 ge il Jafial) S
4l 3ag5 (Kags) Clsaall Slae¥) culh Gl o5 aDIS (g (535 ¢ pandy el
Galaaty) Al Cingli L anlg ags Baad arll die (spual daiiS dge 5l 4.38
cJse/dsaskS 30.5 N 45 e danlidl) 55al)

2 Copyright © ISTJ b gine okl (3 gia
Al 5 o glall 4 sall dlsall



International Science and Volume 34 ) Ryl p glll A0 g

Imtrwaational beimrs mad Taviasiags demraal

kﬁgtﬁﬁlﬁ:m\ Part 2 Alsal) I S T -J %

July 2024 s

£2024/7 /31 :fulh fdsall o W pdi iy a2024/6 /30 sguoth A8l adiud A

Lgie LstV) i) cagaseall sl Jasy caliall Wedl) :dalidall clal)
CpbiaSanll cdadlall

1. Introduction

Corrosion is a complex electrochemical process that promotes the
deterioration of metallic structures through electrochemical
reactions with the environment (Arya & Joseph, 2021; Siddaiah et
al., 2021). Steel is produced from iron by adding a small percentage
of other elements, such as carbon, chromium, copper, phosphorous,
silicon, and sulfur (Javaherdashti et al., 2016). Steel has many
industrial applications and thus making it vulnerable to multiple
corrosion attacks. The steel is dissolved by the chemicals
surrounding it through a chemical, electrochemical or biochemical
reaction on the surface of the metal (Javaherdashti et al., 2016). This
causes a severe damage to the structures, resulting in a massive
corrosion; thus, we need to protect the steel against corrosion attack
(Al-Moubaraki & Obot, 2021). Numerous studies have been
conducted to develop the corrosion resistance of steels in various
chemical environments, especially in acidic and saline media (Al-
abbasi, 2021; Al-Abbasi, 2023; Al-abbasi et al., 2020; AL-abbasi,
2018; Bahrami et al., 2010; Goulart et al., 2012; Khaled &
Hackerman, 2003; M. Suliman, A Al-abbasi, A., 2007; M. S.
Suliman, Al-abbasi A., 2007; Yadav et al., 2015). The use of
corrosion inhibitors is a widely recognized method to mitigate
corrosion by altering the electrochemical corrosion process.
However, many conventional inhibitors pose environmental
concerns or are costly to produce (Al-abbasi & Kassim, 2011; Al-
abbasi et al., 2022; Al-abbasi et al., 2010; Al-abbasi et al., 2012).
Expired drugs, which are otherwise discarded, could potentially
serve as alternative corrosion inhibitors due to their chemical
composition and accessibility (Gece, 2011; Raja, 2016). Most drug
inhibitors are organic compounds that contain sulfur, oxygen and
nitrogen. Drugs have been presented as corrosion inhibitors for toxic
organic inhibitors (Baari & Sabandar, 2021; Khalifa, 2018; N. A.
Belkher, 2019 ). Medicines have nontoxic, inexpensive, and safe
effects on the environment, and they can be manufactured from
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natural products, so it was suggested to replace traditional toxic
corrosion inhibitors with medicines (Njoku et al., 2023). Many
researchers agree that these drugs are inhibitors that can compete
favourably with corrosion inhibitors(Gece, 2011; Karthikeyan,
2016).
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Figure 1: Chemical structure of pentoxifylline

This research aims to investigate the potential of expired
pentoxifylline as a corrosion inhibitor for reinforced steel in a 3.5%
NaCl solution by the mass loss method, which simulates corrosive
conditions in marine environments (L.P. Xuan, 2019). The mass
loss method was utilized to quantify the corrosion rate and assess
the efficacy of the expired drugs as potential corrosion inhibitors.
Pentoxifylline (Fig. 1) has a chemical formula of C13H17N4O3 and a
molecular weight of 277.164 gm/mol. A comprehensive
experimental setup was conducted to evaluate the inhibitory effects
of expired pentoxifylline on corrosion through corrosion testing.
Additionally, the effects of temperature on corrosion inhibition
efficacy were investigated.

2. Experimental Section

1.2 Chemicals and Instrumentation

The chemicals used were all of a high degree of purity and were
produced by the well-known companies sodium chloride (BDH
Chemicals Ltd.), tin chloride (BDH Chemicals Ltd.), and antimony
trioxide (BDH Chemicals Ltd.). The pentoxifylline expired drug
400 ppm (Snofi/Turkey) was obtained from a local pharmacy.
digital balance (Kern), water bath (Grant Instruments
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Ltd/Cambridge), and VU-Visible Spectrophotometer (Thermo-
Electron Corporation).

2.2 Samples

The samples were brought from the Misurata Iron and Steel
Factory/in Libya, and they are steel bars consisting of iron with the
addition of some elements (C, Si, Mn, P, S) in different proportions
according to Table (1). The samples were prepared by cutting
reinforcing bars with a diameter of 10 mm into small pieces of
approximately 4 cm in length, and they were previously cleaned
before immersion in the aforementioned solutions. The surface of
the sample was treated with sandpaper (300-1200), washed with
distilled water and placed in a desiccator at room temperature until
use. The amount of loss was calculated by weight (mg) for each
sample by recording the weights after immersion time, as they were
cleaned after being removed from the solution by Clark's solution as
recommended by ASTM-G1.

Table 1: The chemical composition of alloy steel

Element Fe S P Mn Si C
the 98,606 0.0004 0.011 0.57 0.23 0.30
weight%

2.3 Standard solution preparation

A stock solution of sodium chloride with a concentration of 17.5%

(g/L) was prepared. A 3.5% NaCl solution was prepared by

dissolving the needed amount of NaCl in deionized water. One litre

of a drug solution with a concentration of 400 ppm was prepared by

dissolving one tablet (400 mg) in distilled water. A concentration

range of 50-200 ppm of pentoxifylline was prepared and used in this

study.

2.4 Weight loss method for measuring corrosion rate
Sample preparation and immersion corrosion testing were based
on ASTM (American Society for Testing and Materials)
procedures (ASTM, G1-90 and G31-72). The steel samples were
initially cleaned in an acetone solution. This method is
summarized by weighing the samples to calculate their corrosion
before exposure to the corrosion environment and then exposure
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to the corrosion environment for a period of time (Figure 2). Then,
some products are taken and removed from the corrosion by some
chemical methods and then weighed again, and the difference in
weight reflects the weight lost due to corrosion.

Figure 2: The weight loss method used where (a) the samples were first
immersed, (b) before removing the samples from the medium, and (d)
after the end of the experiment

A series of experiments are performed using the mass loss method.
Steel samples are immersed in a 3.5% NaCl solution containing
various concentrations of expired drugs, which serve as corrosion
inhibitors. The corrosion rate can be calculated using the following
equation:

8.76 x10*W

R= DWW (1)

AtD

where R = corrosion rate, W = weight lost (g), A = surface area
cm?, and t = time (h). The corrosion rates of steel samples in the
presence of expired drugs at different concentrations were
compared to assess their corrosion inhibition efficacy. The
inhibition efficiency was calculated using the following
relationship:

6 Copyright © ISTJ A gina auball (5 i
Ayl g o shell 40 sal) dlaall



International Science and Volume 34 ) Ryl p glll A0 g

Imtrwaational beimrs mad Taviasiags demraal

kﬁgtﬁﬁlﬁ:m\ Part 2 Alsal) I S T -J %

July 2024 s

£2024/7 /31 :fulh fdsall o W pdi iy a2024/6 /30 sguoth A8l adiud A

mh% = (1 —22) x 100 @)

Ro
where Ry, Is the rate of corrosion in the presence of the inhibitor
drug and R,is the rate of corrosion in the absence of the drug.

3. Results and discussion

To understand the inhibitory effect of pentoxifylline, the chemical
weight loss method at room temperature was applied. The obtained
data were collected in Table (2) to evaluate the corrosion inhibition
properties of steel in 3.5% NaCl salt media. Moreover, corrosion
was measured at different temperatures.

1.3 Inhibitory properties of pentoxifylline in 3.5% NaCl

Iron dissolution rates were determined chemically by weight loss at
room temperature (30°C). The data obtained for the corrosion rate
of steel in 3.5% NaCl solution in the absence and presence of
pentoxifylline (PXF) are listed in Table (2). In addition, Figure (3)
shows the change in the weight loss of steel as a function of the
concentration of the inhibitory drug, as corrosion was recorded in a
saline medium of 3.5% NaCl in the absence and presence of
different concentrations of pentoxifylline. We notice from Figure
(3) that the weight loss increases with increasing time, and in
general, the weight loss decreases with increasing inhibitor
concentration, and there is a significant decrease in weight when the
concentration is increased from 40 to 80 ppm. After that, weight loss
is almost consistent when the concentration is raised from 80 to 200
ppm. This could be explained by the adsorbed molecules retching
equilibrium, where the quantity of molecules adsorbed and desorbed
is equal. The inhibition efficiency values for steel iron in 3.5%
sodium chloride media with different concentrations are listed in
Table (2).
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Table 2: Results obtained from studying the effect of pentoxifylline
on corrosion of steel

Inhibitor
conc. AW (g) | A(cm?) | t(day) Temp. CR Inh%
(ppm)
0 0.007 8.158976 2 30°C 0.398
40 0.0031 | 8.031021 1 30°C 0.179 55.009
80 0.0023 | 7.327033 1 30°C 0.146 63.412
120 0.0016 | 7.539768 1 30°C 0.098 75.266
160 0.0015 | 7.885796 1 30°C 0.088 77.829
200 0.0015 7.7401 1 30°C 0.09 77.412
0 0.0107 | 7.975443 2 30°C 0.311 /
40 0.0052 | 7.940432 2 30°C 0.152 51.188
80 0.0036 7.12152 2 30°C 0.117 62.321
120 0.0033 | 7.365027 2 30°C 0.104 66.603
160 0.0033 | 7.722987 2 30°C 0.099 68.151
200 0.0035 | 8.413944 2 30°C 0.096 68.994
0 0.0126 | 7.576192 3 30°C 0.257 /
40 0.0072 | 8.512697 3 30°C 0.131 49.144
80 0.005 7.866171 3 30°C 0.098 61.780
120 0.0046 | 7.940432 3 30°C 0.09 65.167
160 0.005 8.37752 3 30°C 0.092 64.113
200 0.0047 | 7.567871 3 30°C 0.096 62.657
0 0.0155 | 7.794579 4 30°C 0.231 /
40 0.0079 | 7.586397 4 30°C 0.121 47.634
80 0.0065 | 8.188335 4 30°C 0.092 60.081
120 0.0062 | 8.341096 4 30°C 0.086 62.621
160 0.0056 | 7.904008 4 30°C 0.082 64.371
200 0.0061 | 8.359308 4 30°C 0.085 63.304
0 0.0192 | 7.904008 5 30°C 0.225 /
40 0.0097 7.92222 5 30°C 0.114 49.595
80 0.0083 | 8.158976 5 30°C 0.094 58.122
120 0.0078 | 7.867584 5 30°C 0.092 59.187
160 0.0073 | 7.776681 5 30°C 0.087 61.357
200 0.0075 | 7.758312 5 30°C 0.09 60.204
0 0.0216 | 7.864287 6 30°C 0.212 /
40 0.0125 | 7.901339 6 30°C 0.122 42.401
80 0.009 7.394072 6 30°C 0.094 55.684
120 0.0083 7.12152 6 30°C 0.090 57.566
160 0.0086 | 7.311333 6 30°C 0.091 57.174
200 0.0098 | 8.213612 6 30°C 0.092 56.54
0 0.0236 | 7.666624 7 30°C 0.204 /
40 0.018 8.586801 7 30°C 0.139 31.902
80 0.0162 8.37752 7 30°C 0.128 37.181
120 0.015 8.12004 7 30°C 0.122 39.99
160 0.0122 | 6.774393 7 30°C 0.119 41.497
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200 0.0128 7.7401 7 30°C 0.11 46.278
160 0.002 7.886 1 40°C 0.088 58.102
160 0.003 7.938 1 50 °C 0.146 47.557
160 0.003 7.864 1 70 °C 0.183 12.157
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Figure 3: Corrosion rate in the absence and presence of pentoxifylline
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Figure 4: Variation in the Inhibition Efficiency (Inh%) of Pentoxifylline
for Steel Corrosion in 3.5% NaCl
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It is clear that the inhibition efficiency increases with increasing
concentrations of inhibitors. From Figure (4) above, we notice that
the inhibition efficiency is high when the sample is immersed for
one day, but the efficiency decreases with increasing time. We also
note that the inhibition efficiency at a concentration of 40 ppm is
low, but it increases as the concentration increases, i.e., from 80 to
200 ppm.

2.3 Adsorption isotherms

Adsorption is an important step in corrosion inhibition. Four types
of adsorption processes can occur: I) electrostatic attraction between
a charged metal and charged molecules, 1) interaction between the
metal surface and unshared electrons in inhibitor molecules, 1)
electron transport through n-bond electrons or aromatic rings, and
IV) a combination of the above mechanisms.

Experimental data of the coverage surface (0) were fitted to the
Langmuir adsorption isotherm to calculate the adsorption constant
(K) and the free energy of adsorption. The Langmuir relation for
adsorption is given by the following equation:

The adsorption isotherm can be used to calculate the adsorption
constant, where

I 1
LY 3

kads

The equation proposed by Villamil (Villamil et al., 1999) was used,
taking into account the attraction between the molecules of the
inhibitor as follows:

C_™ e 4)
— n
9 kads

where Kags is the adsorption constant, 0 is the surface fraction
covered by pure iron, and C is the inhibitor concentration. The graph
representing the change in the covered part 6 in terms of C at
different temperatures (303.15, 323.15 & 343.15 K) can be plotted.
Where the slope represents the Kadgs equilibrium constant, and n is a
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constant associated with the attraction between molecules, as shown
in Figure (5).
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Figure 5: Curve fitted to the Langmuir isotherm

From the intersections of straight lines on the Y axis, Kads
values were calculated and are presented in Table (3). We note
that the values of R? (R? is straight line fit) were higher than 0.99,
which indicates the applicability of the results obtained from the
Langmuir equation. Positive n values indicate a weak attraction
force between the molecules in the solution, while the Kags values
are less than the correct one, which indicates that the process of
escaping molecules after their adsorption on the surface is the
most common, and for this reason, it gave this drug a low
efficiency with increasing time. It was noted that the free energy
of gypsum for the adsorption process has negative values, which
indicates that the adsorption process on the iron surface is
spontaneous.

To calculate the number of inhibitor molecules adsorbed from each
active site on the surface of pure iron, the thermodynamic adsorption
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isotherm was used, which is represented by the following
relationship:

log =logK™~ +ylogC (5)

1-6

Where K™ is the equilibrium constant, 0 is the covered area of the
iron surface, C is the concentration of the inhibitor, and y represents
the number of inhibitor molecules adsorbed from one active site on
the surface of the pure iron.

The free energy of adsorption (AGJ,,) was also calculated from the
equation

AGS,. = —R In(55.5 K45) (6)

The constant K™ can be expressed in terms of Kags Using the equation
Kags = (K)W. All these coefficients have been calculated and
placed in Table (4). Plotting the relationship between log (6/(1-6))
against log C will give a slope of a straight line equal to y and an
intercept equal to logk™ at 303 K, as shown in Figure (6). The
straight lines had acceptable correlation coefficients R as shown in
Table (4), indicating the validity of this model for the inhibitor. 1/y
is the number of surface active sites occupied by one inhibitor
molecule. If the values are greater than unity, this indicates that each
inhibitor molecule will occupy more than one active site. We note
that the values calculated in this study are greater than one and range
from 1 to 4, which indicates that each inhibitor molecule occupies
from 1 to 4 active sites, as it is in a ratio of 1:1 when immersed for
one day and increases until it reaches 4 molecules when immersed
for four days. Then, it begins to decrease again to be three active
sites for each inhibitor molecule when immersed for seven days.

12 Copyright © ISTJ Ak gina aoball (3 i
Ayl g o shell 40 sal) dlaall



International Scienceand ~ VOlumMe 34 aad) g g ol iyt i

Imtrwaational beimrs mad Taviasiags demraal

N el - g P

July 2024 55

£2024/7 /31 :fulh fdsall o W pdi iy a2024/6 /30 sguoth A8l adiud A

08
leiD W20 A3D X4D X5D @6D +7D

0.6 -

0.4 -

log(6/1-6))
o

log C

Figure 6: Curve fitted to the Al-Awady adsorption isotherm

Table 3: Calculated values of (n, Kads, AG4s) from the Langmuir

equation

Time AGags

(day) n Kaas KJmol* R?
1 1.127 0.039 -6.312 0.995
2 1.325 0.057 -9.545 0.9996
3 1.489 0.106 -14.725 0.994
4 1.448 0.069 -11.211 0.997
5 1.566 0.105 -14.638 0.999
6 1.637 0.084 -12.757 0.995
7 1.96 0.035 -5.448 0.989

Larger values of Kags mean favourable adsorption and thus better
inhibitory activity, i.e., strong interaction between the bilayer
present at the super-phase boundary, including the removal of
adsorbed molecules from the surface with difficulty, which is
consistent with immersion for 1 day since the recorded values were
4; for this, it was found that, a better n efficiency was recorded when
immersed for one day.
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Negative AG,q4, Values greater than 40 kJ/mol indicate that the
adsorption process is spontaneous and is characterized as a chemical
adsorption process. When comparing the free energy calculated
from both the Langmuir equation and the Awadhi equation, it can
be said that the adsorption process is physical with weak chemical
adsorption.

Table 4: Calculated values from the Alawadi equation for (y, Kads,

AGygs)
(T(;gg K y 1/y Kads Ié%gls_l R?
1 0342 | 0718 | 1.28 | 4381 | -45673 | 0.938
2 049 | 0475 | 2.107 | 1.032 -33.65 0.956
3 0.483 | 0.359 | 2.783 | 1.345 | -35.854 | 0.727
4 0421 | 0411 | 2431 | 1023 -33.58 0.866
5 0.421 | 0.278 | 3595 | 1513 | -36.834 | 0.865
6 0.473 | 0.354 | 2.825 | 1.354 | -35.909 | 0.749
7 0381 | 0348 | 2.870 | 1094 | -34.141 | 0.964

3.3 Effect of temperature on the inhibition of iron corrosion in
sulfuric acid

The effect of temperature on the corrosion rate of pure iron was
studied in a medium of 3.5% NaCl in the presence and absence of
the inhibitor (160 ppm) at different temperatures (30, 40, 50 and
70°C). All the experimental results were taken after 24 hours of
immersion in the prepared solutions, and the results are collected in
the corresponding Figure (7). It is clear from the figure that the
corrosion is high in the absence of the inhibitor at temperatures 30
and 40, and the corrosion decreases when the temperature is raised
to 70 degrees Celsius. The main reason beyond corrosion decreasing
when the temperature is raised to 70 degrees is that at higher
temperatures, the dissolved oxygen in the water (which is an
oxidizing agent) is released from water which causes the corrosion
to decrease. However, the corrosion in the presence of the inhibitor
is low at a certain temperature, after which the corrosion increases
with increasing temperature, i.e., from 40 to 70 degrees Celsius.
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Figure 7: Corrosion rate at different temperatures in the absence and
presence of 160 ppm of inhibitor in 3.5% NaCl

The activation energy was determined for the corrosion of iron amid
3.5% sodium chloride using the corrosion rate at different
temperatures, namely, 30°C, 40°C, and 70°C, and substituting it into
the Arrhenius equation as in Figure (8):

K= A .o lERT (7)

Slope _TAE (R =8.314J /mol K )

where R

Additionally, the activation entropy AS* and activation enthalpy
AH* were calculated from the transition state equation.

K = (RN_I]je AS”IR .e—AH*/RT ®)

Where N represents Avogadro's number, and h represents the Plank
constant.
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Figure 8: Arrhenius plot for the activation energy calculation in the
absence and presence of the inhibitor
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Figure 8: Transition state equation for enthalpy and entropy
calculation in the absence and presence of the inhibitor

The thermodynamic activation functions were calculated at
different concentrations of the inhibitory drug, as shown in Table

(5).
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Table 5: Values of thermodynamic functions for corrosion of steel in
3.5% sodium chloride in the absence and presence of the drug

Inhibitors AE;(KImol) | AH; (Kmol?) | AS; (Jmol?t K?)
3.5% NaCl -10.42 -13.107 -295,469
3.5% NaCl +160 ppm +24,188 +21,504 -193,495

From Table 5, we notice that the values of both the enthalpy and the
activation energy are negative in the absence of the inhibitor, which
indicates that the corrosion process is exothermic. In the presence
of the inhibitor, we notice that both the enthalpy and the activation
energy are positive, which indicates that the inhibition process is
endothermic. While the entropy values are negative in the presence
and absence of the inhibitor, they are more negative in the absence
of the inhibitor, which indicates that the molecules are more random
in the presence of the inhibitor compared to the absence of it, and
therefore, the inhibitor molecules are more regular on the surface of
iron than the sodium chloride molecules.

4. Conclusion
This research demonstrates that expired drugs have the potential to
act as corrosion inhibitors for steel in 3.5% NaCl solutions. The
corrosion rates of steel decrease with increasing concentrations of
expired drugs. These findings highlight the possibility of utilizing
expired drugs as eco-friendly corrosion inhibitors, contributing to
the conservation of resources and cost reduction in industrial
applications. Measurements of weight loss showed the following
results:

i.  Inthe presence of the inhibitor, the rate of weight loss decreased
with increasing inhibitor concentration, while this rate
increased with increasing number of immersion days for the
tested samples.

ii.  The inhibition efficiency increased with increasing
concentrations of the inhibitor, reaching an average value of
77% at 160 ppm pentoxifylline. The efficiency decreased with
increasing immersion time to the lowest value recorded when
the sample was immersed for 7 days.
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The rate of weight loss in the absence of the inhibitor was found
to decrease with increasing temperature due to the formation of
a layer of ferrous oxide. In the presence of the inhibitor, it was
found that the rate increases with increasing temperature.

iv.  The experimental data of the covered part of the sample were

tested according to the Langmuir adsorption isotherm, through
which the equilibrium adsorption constant (Kads) was calculated
and found to be 4.38 litres mol™ as the maximum value when
immersed for one day.

v.  The standard free energy of adsorption (AGJ,;,) was obtained

and ranged from 45 -30.5 kJ mol ™.

5. Further research focus: 1. Proposed potential mechanisms of
corrosion inhibition by expired drugs based on electrochemical
analysis. 2. Characterization of the surface morphology and
composition of the inhibited steel samples.
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