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Abstract: Corrosion in carbon steel and oil pipelines has adverse economic and environmental effects. Therefore,
there is interest in utilizing inexpensive and environmentally friendly materials to prevent and inhibit corrosion.
In this study, two expired drugs, Lactulose (La.) and Triazepine Carboxylate (TC), were investigated as potential
inhibitors of steel corrosion in 1M HCI. The weight loss method and the potentiometric method were employed to
calculate the inhibition efficiency (IEw%) of these compounds. The study examined the effect of inhibitor
concentration and temperature on IEw%, and also involved calculating the activation energy and enthalpy change
using the Arrhenius equation and transition state theory, according to the weight loss method, La. exhibits higher
inhibition efficiency than TC. However, both inhibitors show nearly equal efficiency according to the
potentiometric method. La. demonstrates greater stability and efficiency at elevated temperatures, as evidenced by
Arrhenius plots and transition state analysis, which also involved calculating activation energy, enthalpy change,
and entropy change. The corrosion process and inhibition were monitored by changes in voltage using a voltage
and current meter, with Ag/AgCl used as a reference electrode. It was observed that La. exhibits shorter adsorption
stability on the surface of carbon steel compared to TC, which contributes to its higher efficiency in inhibiting
corrosion.
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Introduction:

Metal surfaces react with gases and fluids, leading to
their destruction through environmental interactions.
As a result, chemical medicines or drugs are being
explored as environmentally friendly corrosion
inhibitors (Cls) in various industrial and biological
applications. The economic repercussions of repairing
equipment damaged by corrosion are significant. Using
expired drugs as Cls offers a cost-effective and eco-
friendly alternative to expensive degradation processes,
crucially protecting metals and alloys with implications
for technology, economics, and the environment.

Expired antiplatelet drugs have been used as Cls for
316L stainless steel (SS) in simulated body fluid [1],
while expired Rhodanine Azosulpha drugs were
employed as Cls for 304 SS in 1M HCI solution [2].
Additionally, expired Vitamin B1 (VB1), containing a
thiazole ring, was initially used as an eco-friendly
inhibitor for AA5083 aluminum alloy in an acidic
medium [3]. Expired antibacterial drugs like
Ampicillin (AMP) and Ceftriaxone (CRO) served as
anticorrosive agents for Sabic Fe corrosion in 1M HCI
solutions [4]. Diclofenac Sodium (DSD), an expired
drug, acted as a CI for Al alloy (Al6061) in acidic
(0.1M HCI) and saline (3.5% NacCl) solutions [5]. An
expired Salbutamol molecule was employed as a CI for
mild steel (MS) corrosion in acidizing oilfield fluid [6].
Imidazole derivatives were utilized as corrosion
inhibitors for steel in acidic media [7]. Levofloxacin,
Moxifloxacin, Metolazone, and Nifedipine were
applied as Cls for carbon steel (CS) in 2M HCI solution
[8]. Telmisartan was used as a Cl for Zn in 0.1M HCI

medium [9]. Poly (trimethylene carbonate) (PTMC)
with different molecular weights (e.g., PTMC5 and
PTMC35) was applied as drug-eluting coatings on Mg
alloys [10]. Ciprofloxacin (CIP) and
Polymethyltrimethoxysilane (PMTMS), with an inner
micro-arc oxidation (MAO) coating, were designed to
enhance the corrosion resistance and antibacterial
properties of Mg alloy AZ31 [11].

Ibandronate sodium (IBN) was employed as a
corrosion inhibitor (Cl) for a nano-coated surgical
biocompatible 316L stainless steel (SS) implant in
simulated body fluid (PBS) with a concentration of
10—3M at pH 7.4 and 37°C [12]. Cefadroxil (C) and
Dicloxacillin (D) were utilized as Cls for aluminum
(Al) in a 0.5M HNO3 solution [13]. Cefpirome and
cefixime acted as Cls, self-organizing on copper (Cu)
surfaces to form a bio-functional protective film. This
film effectively prevents Cu corrosion during pickling
and exhibits excellent resistance against Escherichia
coli (E. coli) and Staphylococcus aureus (S. aureus)
[14]. Urispas was employed as a Cl for commercial
mild steel (MS) in a 1M H,SO4 solution [15], while
Piroxicam was used as a CI for carbon steel (CS) ina
1M HCI solution [16]. Expired Esomeprazole (20mg)
served as a corrosion inhibitor for CS in desalination
water (drinking water) at room temperature [17], and
expired Ranitidine was employed as a CI for a-brass
alloy in aqueous solution [18] and for MS ina 1M HCI
solution [19]. Additionally, expired Ranitidine acted as
a CI for aluminum in a 1M HCI solution [20], and
expired nystatin was utilized as a Cl for MS in a 0.5M
HCI medium [21]. Triazepine derivatives, including 2-
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amino-9- (1H-indol-3-yl) - 4- (4-methoxyphenyl)-7-
oxo -1,7-dihydropyrido [1,2-b] [1,2,4] triazepine -
3,8,10- tricarbonitrile (AITT) and ethyl 2-amino-8,10-
dicyano-9- (2-hydroxy-3-methoxyphenyl) — 4 - (4-
methoxyphenyl) -7 — oxo - 1,7-dihydropyrido [1,2-b]
[1,2,4]triazepine-3-carboxylate (EHTO), were
synthesized and used as Cls for MS in a 15% HCI
medium [22]. Finally, expired Cefadroxil (C) and
Dicloxacillin (D) were employed as Cls for aluminum
in a 0.5M HNOj solution [23], carbohydrates have been
utilized in various physical and chemical applications,
including corrosion inhibition (CI), catalysts, drug
delivery, coatings, etc. [24]. Natural ligands, such as
carbohydrates, proteins, flavonoids, polyphenols, fatty
acids, purines, pyrimidines, oleochemicals, drugs, and
phytochemicals, have been investigated for their
efficacy in corrosion protection and other potential
applications [25]. Additionally, three new triazepine
carboxylate compounds were tested as Cls for mild
steel (MS) in a 1.0M HCI medium [26], while an
expired drug, theophylline (TD), was used as a CI for
MS in a 0.5M HCI solution [27]. Carbazodithoate was
employed as a ClI for carbon steel (CS) in an acidic
medium [28], and expired carbimazole (CD) served as
a Cl for MS in a 0.5M HCI solution [29].
In the current work, the corrosion inhibition properties
of expired Lactulose (Laand TC) drugs for CSina 1M
HCI solution were studied using weight loss
measurements and potentiometric methods.
Experimental
The carbon steel sheets had the following chemical
composition (wt%): C (0.200g), Si (0.003g), Mn
(0.35¢), P (0.029), and Fe (remainder). The surface area
of the sample was 1.23 x 10 m?. The sample was
embedded in a glass tube with a diameter just larger
than the sample itself. Epoxy resin (supplied by Ciba
Co.) was used to adhere the sample to the glass tube.
The surface of the carbon steel electrode was
mechanically abraded using sandpaper, with different
grades such as 1200, prior to use.
The tests were conducted using 1M HCI (supplied by
Sigma-Aldrich), with the addition of various
concentrations of natural product compounds. All test
solutions were prepared from analytical-grade
chemical reagents dissolved in distilled water and used
without further purification. Freshly prepared solutions
were used for each experiment. The temperature of the
solutions was thermostatically controlled at the desired
value, and all chemical materials had a high purity of
about 99%. [30]

Apparatus

All potentiometric measurements were conducted at
25+1°C using an Orion (Model 720) pH/mV meter
(Fisher Scientific). A double-junction Ag/AgCI
reference electrode was employed along with a digital
multimeter (TMT480012). All chemicals were of
analytical reagent grade unless otherwise specified, and
distilled water was used exclusively.

Testing was carried out utilizing a dielectric
electrochemical cell with a volume of 250 ml. The
working electrode was constructed of carbon steel
(CS), with an exposed surface area to the solution of
0.00123 m?, while the reference electrode was an
Ag/AgCl electrode. Inhibitors were introduced into the
test solution. The current was recorded in mA, the
potential in mV, and the time in minutes.
For inhibitor measurements, the potential-versus-time
dependencies of CS in the 1M HCI solution were
recorded both with and without the addition of expired
drugs as corrosion inhibitors (CI).

Tools and working method
A voltage and current multimeter device was utilized
alongside a glass beaker with a capacity of 250 ml
containing 1M HCI, titrated with Na,COs of precise
concentration. An Ag/AgCI electrode served as the
reference electrode, prepared by immersing two silver
electrodes in 1M HCI and passing a direct current
between them using a 1.5-volt battery. The working
electrode was constructed of carbon steel (CS).

Cell preparation

The cell comprises two electrodes, with one being an
Ag/AgCI electrode serving as the reference electrode,
and the other being the (CS) electrode, with an
immersed area in 1M HCI acid measuring 1.23 x 107
mZ. Voltage (mV) and current (mA) are recorded every
ten minutes over a period of 2 hours, during which
corrosion of (CS) occurs in the presence of 1M HCI
acid.
Measurements of voltage, current, and time are
conducted in the presence of varying concentrations of
expired drugs (La. & TC) used as corrosion inhibitors
(CI) at concentrations of 100, 200, 300, and 400 ppm,
with each concentration tested for a duration of 2 hours.

Weight loss measurements
Experiments were performed with  different
concentrations of (CI). The immersion time for the
weight loss is 1 h at 25 °C. The results of the weight
loss experiments are the mean of three runs, each with
a fresh specimen and 100 ml of fresh acid solution. The
IEw% and IE. % were calculated.
Weight loss calculations are comprehensive corrosion
tests for laboratory and field. Also, they help us to make
a quantitative estimate of amount of corrosion. The
corrosion behaviour of the metal in an aqueous
environment is describe by the extent to which it
dissolves in the water solution.
To calculate the weight loss due to corrosion using the
weight loss method, you typically use the following
equation:

ST a T TTTo )

where m; and m; — the mass of the sample before and
after testing, respectively, g; A — area of the sample, m?;
t— exposure time, hours.

W —
IE, % = —>

0
where Wg and W — corrosion rate of steel in test solution

without and with inhibitor, respectivelly.
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All Potentiometric measurements were made at 25+1°C
with an Orion (Model 720) pH/mV meter (Fisher
scientific). Double junction Ag/AgCl reference
electrode was used with digital multimeter
(TMT480012). All chemicals were of analytical
reagent grade unless otherwise stated and distilled
water was used throughout. Testing was performed
using dielectrode electrochemical cell with a volume of
250 ml. The working electrode was made of the steel
with an exposed to solution area of 0.00123 m?, the
reference electrode was silver chloride electrode, (CI)
was added into the test solution. The effect of inhibition
IEe was determined by the formula:

Iy — I;
IEe — 0 inh

0
where lo and linn. — corrosion current density of steel in

test solution without and with inhibitor, respectivelly.
The current recorder by mA, the potential mV, and the
time by min.
Expired drug measurements, the potential vs time
dependences of (CS) in the 1M HCI solution without
and with the addition of (CI) were recorded.
Preparation of expired drug solution
The structure, nomenclature, molar mass, & molecular
formula of expired drugs one liter stock solution (1000
ppm) of (La &TC), was prepared by dissolving an
accurately weighed quantity (1g) in (1L) of doubly
distilled H,0, and then the desired concentrations (100
ppm - 400 ppm) are obtained by diluting the stock
solution with the desired volume of distilled H,O. The
corrosive solution, 1M HCI was prepared by diluting of
high-grade HCI (42 % w, d=1. 64 g/ml, M. wt.= 36.5
g/mol.) with distilled water and dilute to up to 1M then
titrated with 1M Na,COs standard solution to obtain
exact 1M HCI at suitable indicator.
(CS) sample has area 1.23x 10 m?was placed in 1M
HCI in a beaker devoid of, and with distinct quantities
of the drugs for 2 h at 298-323 K. Then they washed,
desiccated, weighed after 10 min and measure the
current and potential.

Results and discussion

Lactulose (L) (24)

HO oH
0
OHOH HO
Q OH
HO o
OH

4-0-B-D-Galactosyl-D-fructose.
Triazepine Carboxylate (TC)[26]

Z

(2CI-Me)

2H-triazepine-4-carboxylate

Chemical drugs used as corrosion inhibitors (CI) for
metals or steel are among the most effective,
environmentally friendly, and cost-efficient methods.
This is attributed to their diverse compositions,
complex structures, and large surface areas. The
various functional groups present in drug molecules
provide extensive coverage and protection for the
surface.

The mechanism by which drug molecules act as
corrosion inhibitors involves their ability to provide
excellent surface coverage and protection. These
molecules contain numerous electron-rich centers such
as polar functional groups and aromatic rings, which
facilitate their adsorption and effective action as
corrosion inhibitors.

The utilization of chemical drugs as corrosion
inhibitors is highly effective due to their complex
structures and large surface areas. The functional
groups present in drug molecules offer substantial
coverage and protection for the metal surface.

In Fig. 1, the corrosion rate and inhibition efficiency
(IEw%) for carbon steel (CS) in 1M HCI solution at
25°C are depicted both in the absence and presence of
expired drugs (La & TC). It is observed that as the
concentration of (La & TC) expired drugs increases, the
corrosion rate decreases. In other words, the inhibition
efficiency (IEw%) of (La & TC) expired drugs
increases with the rise in concentration, reaching a
value of 91.8%.

Releation btween C(ppm) and IE%
forLa& TC
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Fig.1. The effect of concentrations (in ppm) of expired
drugs (La and TC) on the corrosion inhibition
efficiency (IEw%) of carbon steel (CS) in a 1M HCI
solution.

In Fig.1. As the concentration of inhibitors increases,
the inhibition efficiency (IEw%) also increases. This is
because a greater number of inhibitor molecules are
adsorbed onto the surface of the carbon steel (CS),
enhancing its protective effect..
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Effect of temperature T in IE% at 400
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Fig.2. Effect of T (Kalvin) on IE% at 400 ppm of (La.
&TC) expired drugs

In Fig. 2, it is demonstrated that an increase in
temperature leads to a decrease in efficiency, primarily
due to the heightened kinetic energy of the drug
molecules adsorbed. This increase in energy results in
fewer molecules being adsorbed onto the surface of the
carbon steel (CS). This trend indicates that temperature
primarily influences the desorption of the adsorbed
inhibitor from the CS surface.

As the concentration of inhibitors increases, the
inhibition efficiency (IEw%) also increases. However,
when the temperature rises, the efficiency of the
inhibitor decreases. This is because at higher
temperatures, there is an increase in hydrogen evolution
on the metal surface, leading to the desorption of the
thin film formed by the inhibitor. Consequently, the
inhibitor's efficiency diminishes.

Furthermore, the corrosion rate increases linearly with
temperature. This observation underscores the
significant impact of temperature on the desorption of
the adsorbed inhibitor from the metal surface.

In Fig.3. Shows the relation between 1/T and In (W) as
Arrhenius equation (4) to calculate the activation
energy (Ea) for the corrosion of (CS) in the absence and
presence of 400 ppm concentrations of (La &TC),
Arrhenius-type equation:

E
Wcorr = AeR_Ta ————— 4)

where (Ea) is the activation corrosion energy; R is the
universal gas constant; A is the Arrhenius pre-
exponential factor, T is the absolute temperature and
Wcorr is corrosion rate, and from Arrhenius plots for
the corrosion rate of (CS) in 1M HCI , the values of
Ea were evaluated from the slope of In W versus 1/T
plots.

In Fig. 4. Shows the relation between 1/T and Ln(W/T)
for (La &TC) expired drugs, in 1M HCI to calculate,
the enthalpy of activation (AH*) and the entropy of
activation (AS*) for the corrosion of (CS) in HCI may
be estimated using the transition-state equation:

AS* *
= KiTexp( R >exp(_ARiT) N )
Where, kg is the Boltzmann's constant and h is the
Planck’s constant. A plot of In(W/T) versus 1/T, straight
lines was obtained with a slope of —AH* and from the
intercepts of log(W/T)-axis, AS* values were
calculated.

corr

Arrhenius plots of Ln(IW) versus 1/ T
at 400 ppm La &TC
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Fig. 3. Arrhenius plots of Ln (W) vs 1/T at at 400 ppm
for (La &TC) expired drugs.

Transition-state plots of Ln(W/7)
versus 1/7 of La. & TC.in 1 M HGI+
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Fig.4. Transition-state plots of Ln(W/T) vs 1/T of (La
& TC) drugs in 1M HCI in absence and presence of
various concentrations of (La & TC) expired drugs.
The data was collected in Table.1 indicate that the
addition of (La & TC) leads to an increase in the
activation Ea and AH* to values greater than that of the
free solution. Moreover, the average difference value of
the Ea — AH* is 2.6 kJ/mol which is approximately
equal to the value of RT (2.63 kJ/mol) at the average
temperature (283 K) of the domain studied. This result
agrees that the corrosion process is a unimolecular
reaction as described by the known equation of perfect
gas [32].
E, — AH* = RT —— — — — (6)

Itis pointed out in the literature that positive sign of the
enthalpies reflects the endothermic nature of the (CS)
dissolution process, the presence of inhibitors tested
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reveals that the corrosion process becomes more and
more endothermic when compared to blank.

Table 1. Activation data of corrosion reaction of steel
in 1M HCI in the absence and presence of expired drugs
(La& TC)

Ea AH° AS°adsorption
(kJ/mol) | adsorption (J/mol.K)
(kJ/mol)
Blank | 37.4 34.8 -35.2
La. 63.18 60.5 -60.96
TC 79.75 77.15 -79.8

The activation energies are E*a = 37. 4 kJ mol* and
E*a = 63.18 kJ mol! are the activation energies in the
absence and presence of drugs, respectively. The low
value of the activation energy (less than 80 kJ mol™)
indicate physical adsorption of the extract molecules on
metal surface.
The decrease of % IE with temperature is explained by
the adsorption of an organic adsorbate on the surface of
a metal is regarded as a substitutional adsorption
process between the organic compound in the aqueous
phase, orgaq, and the water molecules adsorbed on the
electrode surface HzOgyt.
Large and negative values of entropies show that the
activated complex in the rate determining step
represents an association rather than a dissociation step,
meaning that a decrease in disordering takes place on
going from reactants to the activated complex [33].
Potentiometric results
The activity of specific cations and anions can measure
potentiometry with ion-selective microelectrodes at the
solid/liquid interface from the solution side. Anodic
and cathodic components of corrosion processes
change the concentration of H*, OH" in local solution,
ions of the supporting electrolyte, and metal cations.
[34]
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Fig.6. Relation between time (min) and mV at different
concentration of expired (TC) drug.
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In Fig. 5 and 6, the voltage behavior during the
corrosion process without the addition of expired drugs
(La & TC), which are used as corrosion inhibitors (CI)
for carbon steel (CS) in the presence of HCI, is
depicted. It is observed that the voltage decreases with
the progression of the corrosion process. Over time, this
decrease in voltage is attributed to the formation of an
oxide layer, which enhances the conductivity of the
solution. Consequently, the voltage between the
working electrode and the reference electrode
decreases.

However, when (La & TC) drugs are added, the voltage
behavior changes. The voltage increases as a result of
the adsorption of the drugs on the surface of the carbon
steel (CS), leading to the formation of a protective layer
between the CS and the solution. This protective layer
gradually increases with time until reaching a steady
state after two hours. Moreover, the voltage increases
with the concentration of expired (La & TC) drugs,
ranging from 100 ppm to 400 ppm.

Relation between mV and I/A for
expired La drug
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Fig.7. Relation between mV and I/A at different
concentration of expired (La.) drug.
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Fig. 8. Relation between mV and log I/A at different
concentration of expired (TC) drug.

In Fig. 7, the relationship between voltage and the
logarithm current density, is a measure of the electric
current per unit area of the electrode surface. It is
expressed in units of microamperes per square
centimeter (LA/cm?) or similar. In corrosion science,
the corrosion current density is directly related to the
rate of the electrochemical reactions occurring at the
metal surface and is a key parameter in determining the
rate of metal dissolution (corrosion rate). representing
the current intensity in amperes per square meter, is
illustrated. It is evident that the current density is higher
when the solution is without an inhibitor (0 ppm), and
then decreases as the inhibitor concentration increases,
holding the voltage constant. For instance, at a voltage
of 400 mV, the current density decreases as the
inhibitor concentration increases. However, the current
generally increases with the increase in voltage.

At a concentration of 100 ppm, there is a delayed
increase in voltage, and its decrease with time may be
attributed to insufficient adhesion of the formed layer
or the presence of multiple compounds in the drug
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