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Abstract
Expired Sulfaquinoxalineq drug (ESD) was used as a green corrosion inhibitor for carbon steel (CS) in 1.0 M HCl. There are many
techniques used in this study to explain the inhibition process. The first technique is WL technique which used to measure the inhibition
productivity of ESD on CS. The second technique is electro chemical techniques which contains (Tafel polarization (TP), and electrochemical
impedance spectroscopy (EIS)). The third technique is surface examination technique to conform the protective film formation and it contains
atomic force microscopy (AFM), and the FT-IR spectroscopy. The study revealed a direct correlation between the concentration of the drug
and its inhibitory effect on corrosion. As the drug concentration rose from 50 to 300 ppm, the inhibition efficiency (IE) steadily improved.
The highest IE of 93.2% was achieved at a drug concentration of 300 ppm, both in the case of WL and EIS. The findings suggest that the drug
acts as a mixed-type inhibitor. EIS spectra displayed a single capacitive loop, indicating that the corrosion process is primarily controlled by
charge transfer. To elucidate the inhibition mechanism, the activation energy (E*a) and several thermodynamic parameters were calculated.
These included the adsorption equilibrium constant (Kads), free energy of adsorption (ΔGoads), adsorption enthalpy (ΔHoads), and adsorption
entropy (ΔSoads). The adsorption of ESD followed the Langmuir adsorption isotherm. Quantum chemical calculations were performed and
analyzed, providing support for the experimental findings. The predicted corrosion efficiencies of these compounds closely aligned with the
experimental measurements.
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1. Introduction
The corrosion of the metal is one of the most popular problems in many industrial applications. It is occurred due to the
interaction between metal and the surround medium [1]. To overcome those problems, we use inhibitor to reduce the metal
corrosion and make the metal more effective [2]. “CS is one of the metals which used in industrial applications and they
corroded when used in acidic solutions such acid HCl solutions [3]. In industrial field we use the acidic solution in numerous
uses such as acid pickling; acid rescaling and petrochemical processes [4]. Plant extract is the most applicable inhibitor which
used to reduce the metal corrosion because it is not expensive and not have a harmful effect on the environment [5]. Expired
drugs, due to their low cost and minimal environmental impact, are increasingly explored as green corrosion inhibitors for
metals and alloys. Most well-known acid drugs are organic compounds containing nitrogen (N-heterocyclic)‚ sulfur‚ long
carbon chain or aromatic and oxygen atoms. Among them‚ drugs have many advantages such as: high molecular size, highly
soluble in water, availability, low price‚ low toxicity‚ and easy production [7]. Organic heterocyclic compounds have been
used for the corrosion inhibition of carbon steel [8], copper [9], aluminum [10], and other metals [11] in different aqueous
media. Adsorption of the drug molecules on the metal surface facilitates its inhibition [12]. A few medications have been
discovered to be great corrosion inhibitors for metals such as: Biopolymer gave 86% IE for Cu in NaCl [13], pyromellitic
diimide linked to oxadiazole cycle gave 84.6% IE for CS in HCl [14], 2-mercaptobenzimidazole gave 82% IE for CS in HCl
[15], Antidiabetic drug Janumet gave 88.7% IE for mild steel in HCl [16], Januvia gave 79.5% IE for Zn in HCl [17],
Cefuroxime Axetil gave 89.9% IE for Al in HCl [18], Phenytoin sodium gave 79% for CS in HCl [19], Aspirin gave71% IE
for mild steel in H2SO4 [20], Septazole gave 84.8% IE for Cu in HCl [21] and Chloroquine diphosphate gave 80% IE for mild
steel in HCl [22]. While considerable research has focused on utilizing drugs as corrosion inhibitors for metals, the application
of expired drugs in this context remains relatively unexplored.
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This study introduces a novel approach to repurposing expired Sulfaquinoxalineq as a corrosion inhibitor for carbon steel in
1M HCl medium. The choice of use of ESD because of it contains N (N-heterocyclic), Oxygen, long carbon series and
aromatic composite, that utilized in the process of protecting the metals as well as cheapness and availability”. In this research,
several studies have been utilized to examine the protection behavior, including TP, EIS and WL studies, in addition to
studying the metal surface by numerous techniques.

2. Experimental techniques
2.1. CS sample
Table 1: Represented the concentration of the elements which present in CS

wt. % C Si Mn S P Fe

CS 0.20 0.003 0.35 0.025 0.02 the rest
2.2. Chemicals
Sulfaquinoxalineq drug is an organic composite, which have the chemical formula C24H20N6O3 and purchased from Sandozinc
and Pfizer inc. companies was utilized here as inhibitor

4-amino-N-(quinoxalin-2-yl) benzene sulfonamide
Chemical Formula: C14H12N4O2S, Molecular Weight: 300.34

A wide variety of sulfonamides are used to treat bacterial infections and to prevent coccidiosis.
Sulfaquinoxalineq is used as an adjunct in some anticoagulant rodenticide products. Additionally, several of the sulfonamides
are combined with trimethoprim to produce the potentiated sulfonamides that exhibit a broader antibacterial spectrum [23].

2.3. Solutions
The corrosive environment is 1.0 M HCl which ready by using double distilled water and using stock of 37% HCl (purchased
from El-Nasr, Egypt) then it standardized using Na2CO3. A stock solution of ESD was prepared (1000 ml) by weighing one
gram of the drug and dissolved it in one liter of doubly distilled water and from this stock solution, the used concentrations
(50,100,150,200,250,300 ppm) were prepared by dilution.

2.4. The list of methods which used to calculate % IE
2.4.1 WL method
For the weight loss study, the carbon steel specimens were prepared according to ASTM G31-72 standards [24]. “This method
was used to detect the IE of ESD when applied to CS in 1 M HCl. The size of CS pieces was (2 cm x 2cm x 0.2 cm). Carbon
steel coupons were abraded with emery paper of varying grit grades (600-2000), rinsed with distilled water, dried, and
weighed (W1). The coupons were then suspended in 100 mL beakers using glass hooks. Corrosive solutions with and without
varying concentrations of the drug were introduced into the beakers. After a specified duration, the coupons were removed,
washed with distilled water and acetone, dried, and weighed (W2). Weight loss (ΔW) was calculated as the difference between
the initial (W1) and final (W2) weights”.
The inhibition efficiency (% IE) and surface coverage area (θ) were determined using Eq. 1[25]:

% IE = θ x 100 = [1− (ΔW∕Δ Wº)] × 100 (1)
Where, ΔWº and ΔW are the WL in presence and absence of various doses of the ESD. The corrosion rate equation is given
by:

kcorr = (ΔW / A) / (ρt) (2)
where: ΔW = weight loss (mg), A = surface area of the specimen (cm²), ρ = density of the metal (g/cm³), t = time of exposure
(min)
This equation calculates the corrosion rate based on the weight loss of a metal specimen over a given time period.
2.4.2. Electrochemical measurements
There are two techniques were applied in electrochemical measurements (EIS, TP). “This study performed at 25oC by using
laboratory instrument (Gamry (PCI4/750) Potentiostat/ Galvanostat/ZRA) and electrodes cell which contain three electrodes.
Emery paper was used to polish the working electrode before starting any technique [26]. TP technique was applied by
changeable the potential of electrode from -800 to 200 mV with a scan rate of 0.2 mV/s. EIS was performed using AC signals
and the frequency range was (0.01- 100,000 Hz) at 10 mV”. The % IE was determined as next for TP methods:

% IE EFM = 100 x [1- (icorr. /iocorr.)] (3)
Where, iocorr and icorr are the current densities without and with ESD.

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/rodenticide
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/trimethoprim
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2.5. Surface Analysis
2.5.1 Atomic force microscopy (AFM) technique
The technique you're describing is AFM, specifically using the Pico SPM2100 AFM device. AFM is a powerful tool for
studying surfaces at an atomic level.
2.5.2. Attenuated total reflection Fourier-transform infrared (ATR-FTIR) spectroscopy
FT-IR spectra were acquired using a Thermo Fisher Scientific instrument in Waltham, MA, USA. “These spectra provided
information about the inhibitor's molecular structure through the identification of peaks associated with specific functional
groups within the inhibitor's chemical composition”.
3. Results and discussion
3.1. WL tests
Figure 1 illustrates the weight loss (WL) curves for carbon steel (CS) immersed in 1M HCl solution both with and without the
presence of electrostatic discharge (ESD). “Using these curves, we calculated the corrosion rate (kcorr), inhibition efficiency
(%), and activation energy (Ө) for CS at various temperatures ranging from 25°C to 45°C [27]. The obtained data is
summarized in Table 2. The table reveals a clear trend: increasing the dose of ESD leads to an increase in inhibition efficiency,
while the corrosion rate rises with increasing temperature. [28]. This phenomenon is caused by the adsorption of the active
molecules of the drug on the CS surface. The maximum IE of 93.2 % was obtained at 300 mg/L drug dose”. kcorr increases as
the immersion period is lengthen at a fixed dose of the drug and with rise in temperature.

Fig. 1. Time vs. WL diagrams of CS in 1 M HCl without and with altered doses of ESD at 25o C

Table 2: Outcome data of WL measurements of CS at temperatures (25-45oC) at 120 min dipping in the attendance
and lack of altered doses of ESD

% IEӨkcorr,
mg cm-2 min-1

[inh],
ppm

Temp.,
oC

--------0.069±0.0017Blank

25

88.80.8880.0077±0.001550
90.30.9030.0067±0.0013100
91.00.9100.0062±0.0010150
91.70.9170.0057±0.0012200
92.60.9260.0051±0.0019250
93.20.9320.0047±0.0018300
--------0.087±0.0021Blank

30

87.60.8760.0108±0.0020
88.40.8840.0101±0.00012100
89.30.8930.0093±0.00013150
90.30.9030.0084±0.00014200
91.10.9110.0077±0.00017250
92.40.9240.0066±0.00016300
--------0.11±0.00018Blank
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35 82.90.8290.0188±0.0001550
84.10.8410.0175±0.00014100
85.50.8550.0159±0.00016150
87.00.8700.0143±0.00010200
88.00.8800.0132±0.00011250
89.30.8930.0118±0.00014300
--------0.155±0.00017Blank

40

81.30.8130.029±0.0001550
83.00.8300.0264±0.00016100
84.20.8420.0245±0.00014150
85.00.8500.0232±0.00018200
86.40.8640.0211±0.00019250
88.30.8830.0181±0.00021300
--------0.177±0.00012Blank

45

80.50.8050.0345±0.0001750
82.10.8210.0317±0.00018100
82.70.8270.0306±0.00019150
84.10.8410.0281±0.00018200
85.80.8580.0252±0.00012250
87.90.8790.0214±0.00022300

3.1.1Adsorption isotherms
The weight loss data was used to construct a Langmuir adsorption isotherm, “which allowed for the calculation of
thermodynamic parameters. Eq.3 was used to explain Langmuir isotherm and from it we plot the linear relation among C/Ө
and C with slope nearly unit (Fig. 2) and drug particles cover a monolayer on the CS surface [29,30]. ∆G0ads and Kads

(adsorption parameters) calculated by using (Eq. 4)” [31].
C/Ө = 1/Kads+ C (3)
∆Goads = RT ln (Kads x 55.5) (4)

“Table 3 presents the values of ΔG°ads (standard Gibbs free energy of adsorption) as a function of temperature, averaged over
the range of 298-318 K. The ΔH°ads (standard enthalpy of adsorption) value was determined using the Van't Hoff equation”:

log Kads=
-∆Hads

o

2.303RT
+constant (5)

“A linear relationship was observed when plotting log Kads against 1/T (Figure 3). The slope of this line allowed for the
determination of ΔH°ads. By combining the calculated values of ΔG°ads and ΔH°ads, the entropy of adsorption (ΔS°ads) was
determined at all investigated temperatures.”

∆Sadso = ∆Hads
o - ∆Gads

o

T
(6)

Fig. 2. Curves of Langmuir adsorption of CS without and attendance altered doses of ESD
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Fig. 3. plot of log Kads vs 1/T for the adsorption of ESD on CS in 1M HCl
Table 3: Langmuir parameters of ESD on CS surface by Langmuir isotherm

ΔSᵒ ads-
J mol-1K-1

-ΔHᵒ ads
kJ mol-1

-ΔGᵒads
kJ mol-1

K ads

M-1
Temp.
ᵒC

29.6

32.3

23.422725
29.923.217730
31.123.114635
30.322.811540
30.822.79745

From (Table 3) we noted that:
1. The adsorption parameters ∆G°ads and Kads were found to increase with increasing temperature.
2. The negative value of ∆G°ads indicates that the adsorption process is spontaneous.
3. The ∆G°ads values, “approximately 20 kJ mol-1, suggest that the drug is physically adsorbed onto the carbon steel surface”
[31].
4. “The negative sign of ∆H°ads indicates an exothermic adsorption process [32,33], suggesting either physical or chemical
adsorption of the drug onto the carbon steel surface”.
3.1.2. Activation parameters
“Activation parameters were employed to elucidate the reaction mechanism between electrostatic discharge (ESD) and the
carbon steel (CS) surface. The Arrhenius and transition state equations (Equations 7 and 8) were utilized to interpret this
mechanism”.

kcorr = A e-E*a/RT (7)
kcorr = RT/Nh e (ΔS*/R) e (-ΔH*/RT) (8)

Ea, ΔH*, and ΔS* represent the activation energy, enthalpy, and entropy, respectively. “These kinetic parameters can be
determined by plotting log kcorr against 1/T (Figure 4), which yields a straight line [34]. The slope of this line provides the
activation energy (Ea). To obtain the values of ΔH* and ΔS*, a linear relationship between log kcorr/T and 1/T is plotted
(Figure 5). From this plot, these parameters can be calculated”. The activation data are recorded in (Table 4) which explained
that”:
1. “The adsorption of ESD onto the carbon steel (CS) surface forms a physical barrier, which reduces corrosion and increases

the energy barrier for the corrosion process. As a result, the activation energy (Ea) values are higher in the presence of
ESD compared to its absence”.

2. The positive ΔH* value indicates the presence of an endothermic reaction.
3. The negative ΔS* value suggests that the activated complex at the rate-determining step favors association or coagulation

rather than dissociation in solution [35].

Fig.4. log kcorr vs 1/ T for CS in with and without ESD in 1M HCl
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Fig. 5. log kcorr / T vs 1/ T for CS without and with ESD in 1M HCl

Table 4: Activation parameters of CS in presence and absence of ESD in 1M HCl
Conc.
ppm

E*a ,

kJ mol-1
∆ H*,

kJ mol-1
-∆S*,

J mol-1K-1

1 M HCl 39.9 37.3 137.1
50 58.6 56.0 75.3
100 59.9 57.3 72.5
150 62.1 59.5 61.6
200 65.4 62.8 57.9
250 66.2 63.6 55.4
300 66.9 64.3 54.5

3.2. Open potential circuit (OCP) measurements
It is necessary to measure the variation of OCP with time for the working electrode before any corrosion rate measurements.
“Such step is very significant in setting fields of corrosion, partial and complete inhibition. Fig. 6 shows the variation of OCP
as function of time for CS in 1 M HCl solution in the presence and absence of investigated inhibitor at varying concentrations
at 298 K. The Figure shows the attainment of a constant potential after about 400 sec of immersion which corresponds to the
free corrosion of CS in 1 M HCl solution. It is obviously noted that the potential of CS was shifted to more noble (less
negative) values upon addition the altered concentrations from 150 to 300 ppm. Such positive shift of the steady state potential
suggests the capability of the investigated inhibitors to retard the corrosion of CS in acidic medium and their influence on the
anodic process”.

Fig. 6. Changes in EOCP vs. time for CS in the 1.0 M HCl either alone or with various dosages of inhibitor at 298 K
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3.3. EIS method
Determine of CS corrosion inhibition detected by studying electrochemical frequency modulation technique in existence and
lack of various doses of ESD. “EIS technique was performed in the frequency range (10 kHz t- 10 mHz) at 25°C.This
technique described by two Figs. 7 & 8, where Fig. 7 represented the Nyquist plots and Fig. 8 represented the bode plots .The
diagram of the Nyquist plots is semicircle and its diameter improved by raising the dose of ESD and the bode plots are open
circle curves [36]. The Nyquist bends were examined by fitting the outcome data to an equivalent circuit Fig. 9. EIS
parameters Rct (charge transfer resistance), Cdl (capacitance double layer), Ө (surface coverage area), IE (inhibition
efficiency)”, are recorded in Table 5. IE detected by using Eq. 9:

% IE =�ct − �ct0 / �ct x 100 (9)
“Where �ct and �ct0 are charge transfer resistance in attendance and lack of ESD. By improving the ESD concentration, the
data of Rct and IE% raised but the value of the Cdl decreased”. The outcomes are related to the increasing in double electric
and lowering in local dielectric constant [37].

Fig. 7. Nyquist diagram of CS with and without altered doses of ESD in 1M HCl

Fig. 8. Bode diagram for CS dissolution attendance and lack altered doses of ESD

Fig. 9. Simple circuit utilized to fit the EIS outcomes
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Table 5: EIS parameters of CS with and without various doses of ESD in 1 M HCl

[Inh]
ppm n Yo,

(µΩ−1 sn cm−2)
Rct

Ω cm2
Cdl

µFcm-2 θ %IE Goodness of fit
(χ2)

Blank 0.879 418 63 253 ---- ---- 19.78x10-3
150 0.871 226 261 148 0.759 75.9 21.57x10-3
200 0.868 188 416 127 0.849 84.9 20.78x10-3
250 0.849 167 628 111 0.900 90.0 17.89x10-3
300 0.845 136 929 93 0.932 93.2 20.14x10-3

3.4. TP tests
Electrochemical study of corrosion of CS surface in 1 M HCl in existence and nonexistence of altered ESD doses of was
achieved by using potentiodynamic polarization study which showed by Fig. (10). “TP parameters like as (�corr, �corr, ��, ��,
IE, and �) are recorded in Table 6.From the table we noted that: 1)icorr decreased by increasing the concentration of ESD. 2)
Values of βc and βa are changed slightly which improve the effectiveness of ESD on the cathodic and anodic reactions. 3) By
raising the dose of ESD the data of � and IE increased. 4) Ecorr changed slightly to the cathodic and anodic direction which
improved that the cathodic and anodic reactions were protected and ESD acts as mixed type inhibitor” [38]. % IE was
measured from Eq. 2:

Fig.10. TP of CS dissolution in the attendance and absence of ESD in 1M HCl

Table 6: TP parameters of CS in dissimilar doses of ESD

Conc.,
mol Lˉ¹

-Ecorr,
mV (mVvs.SCE), βa,

mV decˉ¹
-βc,

mV decˉ¹
icorr,

μA mˉ² θ % IEPDP

Blank 231 99 156 1080 ---- ----
150 226 98 186 201 0.814 81.4
200 228 123 250 187 0.827 82.7
250 224 91 135 121 0.888 88.8
300 231 109 185 93 0.914 91.4

3.5. Surface examination
3.5.1. AFM study
AFM is one the most powerful method which used to detect the effect of ESD on CS surface by studying the
morphology of the surface. “CS surface was prepared before starting this examination by polishing its surface and
immersion of CS pieces in HCl solution for 24 hrs in existence and nonexistence of 300 ppm ESD [39].
Topographic maps of CS surface are represented in Fig. 11 where 2D and 3D images were appeared. Table 7
contains AFM data such as (Rq (square roughness) and Ra (average roughness). Ra has a small value in case of
free CS and its value is high in case of CS in HCl solution, but it decreased with the addition of ESD”.
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Table 7: AFM data for CS surface
Specimen CS in 1 M HCl CS in presence of ESD

Rq (nm) 463 154

Ra (nm) 378 124

a-Blank b-ESD
Fig. 11. AFM (2D and 3D) of CS surface in existence of ESD in 1M HCl

3.5.2. ATR-FTIR Analysis
FTIR analysis was conducted to investigate potential interactions between the adsorbed inhibitor molecules and the carbon
steel surface in the acidic environment. “FTIR spectra provide valuable information about the functional groups present in the
inhibitor molecules that are adsorbed onto the metal surface. Figure 12 compares the FTIR spectra of pure ESD and ESD
adsorbed on the carbon steel surface. Each peak has a certain value on the spectra to facilitate the definition of the effective
groups. It is also utilized for determine the type of reaction between CS surface and ESD [40]. CS specimens were prepared
before starting the study by polishing it and then immersion in 1M HCl solution in attendance and lack of ESD for 6 hr. Fig.
(12) shows certain peaks which define the functional groups of the ESD. There are many bands which appeared on the spectra
such as: The broad band appeared at 3385 cm-1 which detect (OH) ,the band appeared at 1635 cm-1 which detect (C=C) and
the sharp band at 1015 cm-1 corresponds to (C-O)”. There is a small shift in some functional groups indicating the interaction
between the CS and ESD [40].

Fig. 12. ATR- FTIR spectra of CS in existence and nonexistence of ESD
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3.6. Quantum chemical calculation
Figure 13 presents the frontier molecular orbitals (HOMO and LUMO) for the molecule. “Density Functional Theory (DFT)
calculations were performed to determine the molecule's electron density distribution and quantum chemical properties. These
properties, including the highest occupied molecular orbital (EHOMO), lowest unoccupied molecular orbital (ELUMO), dipole
moment, energy gap, electron affinity, ionization potential, electronegativity, global hardness, and softness (listed in Table 8),
were found to influence the relationship between the molecular structure (CS surface) and its electron static dipole (ESD) [41].
The EHOMO value of an inhibitor reflects its ability to donate electrons to the empty d-orbitals on the CS surface. A higher
EHOMO correlates with increased electron donation, which enhances the inhibitor's adsorption efficiency. Conversely, the
ELUMO value indicates the molecule's propensity to accept electrons. A lower ELUMO suggests a greater ability to receive
electrons”. Since ∆E represents the energy required to remove an electron from the highest occupied orbital, a lower ∆E value
is generally preferred:

∆� = ����� − ����� (10)
“Ionization potential (I) and electron affinity (A) are related to the highest occupied molecular orbital (EHOMO) and lowest
unoccupied molecular orbital (ELUMO), respectively, highlighting the connection between these properties. Absolute
electronegativity (χ) and hardness (η) are calculated using specific equations”. The global softness (σ) of the inhibitor
molecule can be determined using the following equations.

� =− ����� (11)

� =− ����� (12)

� = �+�
2

=− �����+�����

2
(13)

� = �−�
2

= �����−�����

2
= 1

2
∆��−� (14)

� =
1
� (15)

A lower global softness value enhances the reactivity and inhibition efficiency of the ESD. “A higher dipole moment
promotes the adsorption of ESD onto the CS surface. The strong dipole-dipole interactions between the inhibitor and the metal
surface, as shown Table 8, contribute to the high dipole moment of the inhibitor. Certain parameters, such as global hardness
and softness, are related to the molecule's selectivity and reactivity”. According to Lewis acid-base theory and Pearson's hard-
soft acid-base theory, harder molecules with larger ∆E values tend to be more reactive [42].
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Fig. 13. “The frontier molecular provides the electron density maps of HOMO and LUMO for the EDD”
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Table 8: “Quantum calculation parameters for molecule of EDD obtained from DFT”

Parameters (Variable) DFT
Neutral Protonated

-EHOMO

(ev) 8.47 8.11

-ELUMO

(ev) 1.97 2.21

∆E, (eV)
(EL-EH) 6.50 5.90

µ (debye)
(Dipole moment) 7.51 9.47

A (eV)
(electron affinity) 1.97 2.21

I (eV)
(ionization potential) 8.47 8.11

χ (eV)
(electronegativity) 5.22 5.16

η (eV)
(global hardness) 3.25 2.95

∆N 0.27 0.31

σ (eV-1)
(softness) 0.31 0.34

4. Inhibition mechanism
During the studying of WL and electrochemical measurements we noted that the corrosion of CS decreased by the addition of
ESD. “The results of these measurements appeared that the inhibition mechanism depended on the adsorption ESD on CS
surface which closed the active sites on it. The presence of chemical compounds such as (4-isopropylbenzaldehyde, β-Pinene,
γ-terpinene , p -cymene) were detected by Photochemical analysis. These compounds contain heteroatoms (N, O) which
adsorbed on the metal surface. This study detected that the adsorption is physical adsorption and the adsorbed molecule form a
coated layer on CS to inhibit its corrosion [43-44]. The Cl- ions get adsorbed on surface CS and turn it as negatively charged
surface, the protonated ESD molecules (cationic) get adsorbed on the negatively charged surface of CS by an electrostatic
attraction”. The protonated molecules could adsorb on specimen CS surface Fig. 14.

Fig. 14. The ESD in 1 M HCl solution are absorbed and inhibited dissolution of CS
5. Conclusions
With respect to the outcome data the next conclusions were recorded:

1. ESD is a fine green inhibitor that exhibits excellent inhibition efficiency against the corrosion of mild steel (MS) in
acidic environments.

2. The inhibition efficiency (IE %) increased with both increasing ESD concentration and rising temperature.
3. Langmuir isotherm used to designate the ESD adsorbed of on CS surface.
4. Surface analysis was achieved by using (AFM, FT-IR and XPS).
5. The weight loss (WL) measurements were found to be in good agreement with the electrochemical tests.

https://en.wikipedia.org/wiki/Terpinene
https://en.wikipedia.org/wiki/Cymene
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