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Abstract: The carbon steel (CS) corrosion inhibition in H2SO4 media by Erica arborea leaves (EA) 

extract as a sustainable green inhibitor was described here. The mass loss technique (ML), 

potentiodynamic polarization (PDP), electrochemical frequency modulation (EFM), and 

electrochemical impedance spectroscopy were all used in this investigation (EIS). In addition, Atomic 

Force Microscopy was also used to examine the metal surface morphology (AFM). The EIS 

demonstrated that the Erica arborea extract generated a thin protective coating on the metal surface and 

that utilizing 1000 ppm of Erica arborea extract allows for 93.4 % corrosion inhibition effectiveness 

(CIE). According to the PDP curves, the Erica arborea extracts act as a mixed-type inhibitor. It was 

discovered that the inhibition efficiency increased as the Erica arborea extract dosages increased. The 

system's kinetic characteristics and thermodynamic adsorption have also been measured and 

investigated. The results collected demonstrated that Erica arborea adsorption on metal surfaces 

followed the Langmuir isotherm and that the Erica arborea extract operates via physisorption according 

to the activation energy (Ea
*). The findings of disparate measurements were in good agreement. 
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1. Introduction 

The study of the corrosion of metals and how to preserve them from corrosion is critical 

owing to the difficulties it causes, such as economic losses resulting from material degradation. 

Corrosion is defined as the corrosion and disintegration of metals and alloys caused by 

chemical and electrochemical interactions with their surroundings [1]. Because of its perfect 

mechanical properties at elevated temperatures, ease of fabrication, and low cost, CS is one of 

the most widely used materials in petroleum, pipelines, tanks, vessels, equipment, automobile 

body components, structural shapes (I-beams, channel, and angle iron), construction, bridge 

components, food cans, and other industries. However, it corrodes when in contact with acidic 

solutions, so scientific researchers are working hard to overcome this problem. 

Plant Extract Preparation: Acidic solutions are employed in industrial applications, with 

sulfuric acid being the most commonly used to eliminate oxides generated in carbon steel and 

oil refineries by chemical methods [2-5]. As a result, current research focuses on nonhazardous, 
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biodegradable, less expensive, and ecologically friendly corrosion inhibitors. Plant extracts 

represent a plenteous category of corrosion inhibitors as most of these materials are easily 

obtainable and non-poisonous [6-7]. Many studies examining plant extracts have revealed that 

various leaf, root, bark, stem, pulp, and fruit extracts are being investigated as corrosion 

inhibitors for various metals and alloys [8]. Plant extracts such as olives leaf [9], Jathropa leaf 

[10], Inula viscosa [11], Malpighia glabra leaf [12], Oxalis stricta leaf [13], Soybean [14], 

Terminalia arjuna leaves [15] among others have been investigated as good corrosion 

inhibitors. In this study, EA extracts were utilized to inhibit CS corrosion in 0.5M H2SO4. 

Different tests are utilized to study the inhibition efficiency of EA. In ML and electrochemical 

techniques, the corrosion rate increases when EA extract concentration increases. Metal’s 

surface is premeditated by AFM, and XPS. 

2. Materials and Methods 

2.1. Composition of CS sample.  

Table 1 lists the chemical components found in the CS sample. 

Table 1. The wt. % of CS pieces was given.  

wt% C Si Mn P Fe 

CS 0.17-0.2 0.003 0.35 0.025 the rest 

2.2. Chemicals.  

2.2.1. Inhibitor.  

i. Preparation of plant extract.  

Soxhlet extraction was done on powdered Erica arborea leaf samples using 96% 

ethanol for 6 hours, according to the established Soxhlet technique. The extracted extracts were 

then filtered and evaporated at 40 °C under reduced pressure until dry. The dried extracts were 

kept at 4 °C, away from light, until they were analyzed. The examined extract was liquefied in 

ethanol (2g/L) and stored in a refrigerator [16]. Figure 1 shows that the CA extract contains 72 

different polyphenol compounds from various subclasses (phenolic acids and derivatives; 

flavan-3-ols and proanthocyanidins; flavonoid glycosides; flavonoid aglycones), with a high 

content of palmitic acid, 9, 12, 15-Octadecatrien-1-ol, (Z,Z,Z)- and nonacosane [17]. We create 

different concentrations of EA extract using the solution (2000 ppm) (300, 450, 600, 750, 850, 

and 1000 ppm). 

Palmitic acid 9,12,15-Octadecatrien-1-ol, (Z,Z,Z)- 

 

 
Nonacosane 

 
Figure 1. Chemical markers of CA.  
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2.2.2. Solutions.  

The corrosive medium used in the experiments was 0.5 M H2SO4, which was made 

from analytical reagent grade H2SO4 and distilled water. 

2.3. Techniques used to compute inhibition efficiency.  

2.3.1. Mass loss method (ML).  

The WL methodology is a straightforward method for calculating the inhibitory effects 

of EA extract on CS in 0.5M H2SO4. This approach employed square pieces of CS measuring 

(2 cm x 2 cm x 0.2 cm). The C-S pieces were produced by using emery sheets with different 

degrees (600, 1000, 1200, 2000) and then removing contaminants from the surface with 

acetone. The inhibition of CS corrosion was studied at various temperatures (25, 30, 40, 50) 

and concentrations of EA extract solution (300, 450, 600, 750, 850, and 1000 ppm). We may 

determine corrosion rate (CR), surface covering area (θ), and inhibition efficiency (% IE) using 

the following eqn. [18]. 

% IE = θ x 100 = [1 - (W/Wo)] x 100 (1) 

where Wo, and W are the MR, presence, and absence, respectively, a different concentration of 

examined inhibitor is continuously added. 

2.3.2. Electrochemical methods.  

The %IE in electrochemical methods is computed using three methods: PP, EIS, and 

EFM. Three different electrodes are placed in a glass cell for electrochemical research. 

Reference electrode of Ag/AgCl(s), an auxiliary electrode of platinum wire, and a CS working 

electrode with 1 cm2 outer area. The working electrode's surface must be mechanically 

prepared in the same manner as stated previously. The operating electrode was a polisher with 

a paper grit of 1200. Before the experiments, the electrode was immersed in H2SO4 at a natural 

potential for half an hour until it reached a steady state. The CS electrode was submerged in 

the solution for 20 minutes after being prepared to establish a steady state, i.e., open circuit 

potential (OCP). Gamry Instrument (PCI4/750) Potentiostat/Galvanostat/ZRA was used for all 

electrochemical experiments. 

i. PP method. 

Tafel curves were generated using this approach with a scan rate of 1mVs-1. All 

experiments were carried out in freshly prepared solutions at 25 °C. We can determine %IE 

and [19] from the result data. 

IE % = 100 x θ = 100 × [1- ( icorr(inh) / icorr(free)) ] (2) 

icorr(inh) and icorr(free) are the corrosion currents in the presence and absence of extract, 

respectively. 

ii. EIS technique.  

EIS experiments were performed at OCP using AC signals of 5 mV in the frequency 

range (0.2Hz to 100 kHz). The diameters of the capacitive loops improve in the presence of 

inhibitors, and are lead to the capacitive of the amount of process corrosion inhibition, in 

reverse to the lower of the Cdl, which is supplied: 

Cdl  = 1/ (2 π fmax Rp) (3) 
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fmax = frequency maximum. The %IE and (θ) given from EIS analyses were acquired through 

the following relation: 

IE % = 100 x θ = 100 × [1- ( R°p/Rp )] (4) 

Ro
p and Rp are the charge resistance in the presence and absence of extract, respectively. 

iii. EFM technique. 

The EFM investigation was performed using a signal of 10 mV amplitude and two 

single waves of 2 and 5 Hz [20]. The bigger peaks were used to calculate the causality factors 

(CF-2 and CF-3), (βc and βa), and (icorr) [21]. The inhibition efficiencies of % IE EFM were 

computed as follows: 

%IE EFM = 100 X [1- (icorr. /i
o
corr.)] (5) 

where io
corr and icorr are current corrosion in the presence and absence of EA extract 

respectively. 

2.4. Surface analysis.  

i. Atomic force microscopy.  

AFM spectroscopy produces a three-dimensional picture of the film produced on the 

surface of the metal. This was accomplished using Thermo Fisher Nicolet IS10, USA, with a 

spectral range of 400 – 4000 cm-1. The picture has a roughness, which indicates the inhibitor 

response. 

ii. X-ray photoelectron spectroscopy analysis (XPS).  

XPS K-ALPHA was used to describe the surface of CS after it was immersed in 0.5M 

H2SO4 solution in the absence and presence of 1000 ppm EA for 12 hours (Themo Fisher 

Scientific, USA). 

3. Results and Discussion 

3.1. Mass loss (ML) tests.  

The ML-time curves were measured in the presence and absence of different 

concentrations of EA extract, as shown in Figure 2. Table 2 shows the CR, IE, θ, and % IE 

values (2). According to the table, CR decreases when EA extract concentrations increases due 

to increases in the adsorption of EA extract on the CS surface. The %IE increases with 

increasing EA extract concentrations and temperature [22]. 

 
Figure 2. Curves of mass loss vs. time of the CS corrosion in 0.5M H2SO4 in the presence and absence of 

different concentrations of EA extract at 25oC.  
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Table 2. ML measurements for CS at temperatures (25-50) at 180 min in the presence and absence of different 

concentrations of EA extract.  

% IE Ө CR (mg cm-2 min-1) [inh], ppm Temp. (oC) 

-- -- 0.0667 Blank 

25 

82.7 0.827 0.0115 300 

86.0 0.860 0.0093 450 

87.1 0.871 0.0086 600 

88.0 0.880 0.0080 750 

88.5 0.885 0.0076 850 

93.3 0.933 0.0045 1000 

-- -- 0.0700 Blank 

30 

81.2 0.812 0.0132 300 

86.1 0.861 0.0097 450 

86.6 0.866 0.0094 600 

88.1 0.881 0.0083 750 

88.6 0.886 0.0080 850 

89.7 0.897 0.0072 1000 

-- -- 0.1032 Blank 

40 

75.7 0.757 0.0251 300 

77.6 0.776 0.0231 450 

79.7 0.797 0.0209 600 

80.2 0.802 0.0204 750 

81.2 0.812 0.0194 850 

81.3 0.813 0.0193 1000 

-- -- 0.1778 Blank 

50 

68.6 0.686 0.0558 300 

69.9 0.699 0.0535 450 

70.5 0.705 0.0525 600 

71.4 0.714 0.0509 750 

71.8 0.718 0.0501 850 

72.5 0.725 0.0489 1000 

3.1.1. Adsorption isotherms.  

Adsorption isotherms provide information on the interaction between EA extract and 

the CS surface in 0.5M H2SO4. Adsorption isotherms include the Langmuir, Temkin, 

Freundlich, Bockris-Swinkles, and Flory-Huggins isotherms [23]. The Langmuir adsorption 

isotherm was discovered to offer the greatest information about the interaction between the 

adsorbed layers of the EA extract and the surface of CS in 0.5M H2SO4, as illustrated by (Eq. 

6). The connection between (C) and C/ is linear, as shown by straight lines (Figure 3). As shown 

in (Eq. 7) [24], 

C/Ө = 1/Kads+ C (6) 

Kads belongs to ∆G0
ads: 

∆G0
ads = RT ln (Kads x 55.5) (7) 

where Kads=constant equilibrium, R=Universal gas constant, T=temperature in Kelvin and C=EA 

extract conc. 

 
Figure 3. Plot of Langmuir adsorption of CS in 0.5M H2SO4 in the presence and absence of different 

concentrations of EA extract.  
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Figure 4. Plot of log Kads vs. 1/T for the adsorption of EA extract on CS in 0.5M H2SO4 at (25-500C).  

Table 3. Adsorption parameters of EA extract on CS surface by Langmuir isotherm at (25-450C) 

Compound 
Temp 

K 

kadsx10-3 

M-1 

-∆G°
ads 

kJ mol-1 

-∆H◦
ads 

kJ mol-1 

-∆S◦
ads 

J mol-1 K-1 

EA 

298 16 16.8 

13.3 102 
303 21 17.6 

313 23 18.6 

323 26 19.5 

According to the statistics in Table 3: 

1. Kads values increase when temperature increases. 

2. ∆G°ads -ve sign indicates that the EA extract is adsorbed spontaneously on  

CS surface and the stabiliry of the adsorbed layer [25]. 

3. ∆Go
ads data more than 20 kJ mol-1, which is given  physisorption and spontaneous. 

The enthalpy(∆H◦
ads) and entropy (ΔSoads) of adsorption can be assessed using the following Eqs.: 

lnKads= -ΔHo
ads /RT + constant  ( Figure 4)                                 (8) 

∆G°ads = ΔHo
ads --∆S◦

ads                                                                  (9)         

4. ∆Ho
ads -ve sign indicate that the EA extract adsorption is an exothermic process. 

5. ∆S°ads has a -ve sign because EA molecules that were freely flowing in the bulk 

solution were ordered adsorbed onto CS, resulting in a reduction in entropy” [26]. 

3.1.2. Thermodynamic corrosion parameter. 

The activation parameters of the CS corrosion in 0.5 M H2SO4 in the presence and 

absence of various doses of EA extract are obtained from Arrhenius and transition state 

equations (Eq. 10,11) 

kcorr = A e-E*a/RT (10) 

kcorr = RT/Nh e (ΔS*/R) e (-ΔH*/RT) (11) 

E*
a = activation energy, As illustrated in Figure 5, we plot log kcorr versus 1/T for CS in 0.5M 

H2SO4 in the presence and absence of different concentrations of EA extract than from the 

slope the values of Ea
* were obtained. 

In Figure 6 the values of ∆H* obtained from the slope ∆H/2.303R while ∆S* obtained 

from the intercepts are of log R/Nh + ∆S*/2.303 after we plot of log kcorr /T versus 1/T, which 

gives a straight line” [27]. 

The collected statistics are listed in (Table 4), and we understood from it that: 

1. Ea
* values are higher in the presence of EA extract by comparison with the absence 

of EA due to the adsorption of the EA on CS surface and the formation of a thin protective 

layer which decreases CR. The values of E*
a increase when EA concentration increases. 
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2. ΔS* -ve sign illustrates that the activated complex at the rate-determining step prefers 

an association rather than a dissociation” [28]. 

 
Figure 5. Plot of log kcorr vs. 1/ T for CS in the presence and absence of EA extract in 0.5M H2SO4.  

 
Figure 6. Plot of log kcorr / T vs 1/ T for CS in the presence and absence of EA extract in 0.5M H2SO4.  

Table 4. Activation Parameters for CS in the presence and absence of EA extract in 0.5M H2SO4.  
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Blank 31.6 29.1 170 

300 56.7 54.1 102 

450 64.4 61.8 79 
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750 66.2 63.6 73 
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1000 72.9 70.3 53 

3.2. EFM measurements.  

Figure 7 illustrates the intermodulation spectra of CS in 0.5 M H2SO4 in the presence 

and absence of different concentrations of EA extract at 25°C. Table 5 shows the EFM findings 

(icorr, βc, βa, CF-2, CF-3, and % IE). The results revealed that increasing the concentration of 

EA extract lowered icorr while boosting inhibition efficiency (% IE). The found causality factors 

correspond to theoretical values. 

Corrosion current densities are independent of the Tafel constant and may be estimated 

directly from EFM data. The % IE may be calculated using Eq.(12). 
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where io
corr and icorr are corrosion currents in the absence and presence of EA extract, 

respectively. 

The values of (CF-2 & CF-3) are quite similar to the theoretical values (2 & 3), 

indicating that the results are of high quality [29]. 

 

Figure 7. EFM data for CS in the presence and absence of different concs. of EA extracts.  

Table 5. EFM data of CS corrosion at different concentrations of EA extract at 25oC.  

[inh.] 

(ppm) 

icorr, 

(µAcm-

2) 

βc , 

(mVdec−1) 

βa , 

(mVdec−1) 

CF-
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CF-

3 
Ө %IE 

Blank 1006 68 162 2 3 -- -- 

300 235 64 177 2.1 2.7 0.766 76.6 

450 205 61 188 2.4 2.4 0.796 79.6 

600 209 71 166 1.9 2.3 0.792 79.2 

750 157 64 154 1.9 2.9 0.844 84.4 

850 133 66 159 1.9 2.7 0.868 86.8 

1000 112 65 146 1.9 3.2 0.889 88.9 

3.3. EIS method.  

EIS is a helpful tool for investigating CS corrosion in the presence and absence of 

different concentrations of EA extract in 0.5M H2SO4. The Nyquist and Bode curves at the 

OCP at 25 °C are shown in Figures 8 and 9. At low frequencies, Nyquist plots are characterized 

by semicircle loops, which are illustrated easily in Figure 10 by the Randle circuit. This circuit 

depicts a parallel combination of a charge transfer resistance (Rct) and a double layer 

capacitance (Cdl.), both in series with a solution resistance (Rs.) [30]. The associated Rct was 

also used to compute IE and CPE, which are used to define the double layer [31]: 
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With 0 ≤ n ≤ 1, j = √-1 and “fmax is the frequency of the highest imaginary value, Yo is 

a frequency-independent constant, being defended as pure capacitance for n=1, resistance for 

n = 0, and inductance for n = -1. Diffusion processes are characterized by the value of n = 0.5. 

The divergence from optimal behavior is represented by the value of (n). The values of n, Y0, 

Rct charge transfer resistance, Cdl double layer capacitance, and %IE were obtained and 

recorded (Table 6). The Nyquist plots produced in the real system illustrate a generic behavior 

in which the double layer on the CS/solution interface does not act as a real capacitor. Table 6 

displays the data gathered from the analogous circuit. The findings demonstrate that adding the 

inhibitor raised Rct levels. This is because an insulating protective coating forms at the 

metal/solution interface. Cdl values were also reduced due to a drop in the local dielectric 

constant and/or an increase in the thickness of the electrical double layer, suggesting that the 

inhibitor molecules are adsorbed at the metal/solution interface [32]. Because EA molecules 

displace water molecules and are first adsorbed on the CS surface, their adsorption on the 

surface reduces electrical capacity. 

 
Figure 8. The Nyquist plots for CS in nonexistence and existence of various concentrations of EA extract at 

25oC.  

 
Figure 9. The Bode plots for the dissolution CS in nonexistence and existence of various concentrations of EA 

extract in 0.5M H2SO4 at25°C.  

 
Figure 10. An equivalent circuit utilized to fit the EIS results.  
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Table 6. EIS value of CS in nonexistence and existence of various doses of EA extract at 25ºC.  

[inh.] 

(ppm) 

Yo, 

(µ Ω
-1

 s
n

 cm
-2

) x10
-6 

Rct, 

(Ω cm-2) 
n 

Cdl, 

(µFcm−2) 
θ %IE 

1 M HCl 503 9 0.843 184 -- -- 

50 131 78 0.848 60 0.885 88.5 

100 130 104 0.847 59 0.913 91.3 

150 129 120 0.843 56 0.925 92.5 

200 128 126 0.822 52 0.929 92.9 

250 126 133 0.818 50 0.932 93.2 

300 122 137 0.814 48 0.934 93.4 

3.4. PDP tests.  

The influence of EA extract on the anodic & cathodic processes occurring in the system 

was studied using PDP measurements. At 25°C, Figure 11 depicts the potentiodynamic 

polarization curves for CS in the presence and absence of different concentrations of EA 

extract. Table 7 listed the electrochemical parameters Ecorr, βa&βc,θ, %IE, and icorr. The results 

showed that adding EA extract reduced the corrosion current (icorr), decreased the CR, and 

increased the % IE owing to the establishment of a protective adsorbed layer of the plant 

extract. While the values of (Ecorr) and (βa&βc) did not change considerably, the EA extract 

acted as a mixed inhibitor, inhibiting both the H2 evolution (cathodic reaction) and the CS 

dissolving process (anodic reaction) [33-35]. Furthermore, the non-significant difference in βa 

and βc demonstrates that the EA extract does not influence the CS corrosion process in 0.5 M 

H2SO4. The (%IE) derived from icorr shows that the presence of different concentrations of 

EA extract reduces the anodic and cathodic current densities as well as the polarization 

resistance. 

 
Figure 11. PP plots for the dissolution of CS in the presence and absence of various concentrations of EA 

extract.  

Table 7. PP parameters of CS, including various concentrations of EA extract.  

% IE ϴ 
C.R., 

1-mm y 

,cβ 
1-mV dec 

,aβ 
1-mV dec 

,corr.E- 

mVvs SCE 

.corri 
2-μA cm 

Conc., ppm 

-- ----- 380 183 62 490 997 Blank 

81.2 0.812 0.812 181 55 470 187 300 

82.2 0.822 0.822 178 49 466 177 450 

84.3 0.843 0.843 174 48 464 157 600 

86.9 0.869 0.869 180 45 464 131 750 

88.2 0.882 0.882 186 57 462 118 850 

91.2 0.912 0.912 190 63 462 88 1000 

3.5. Surface characterization.  

3.5.1. AFM study.  

The surface morphology of CS was studied by the AFM method while submerged in 

0.5 M H2SO4 solution with & without 1000 ppm of EA extract and for pure CS samples 
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following physical treatment as ML measurements. The 3-D picture of a pure CS surface (bare 

CS) with a clean and smooth surface is shown in Figure 12-a. The 3D picture of a CS surface 

in 0.5 M H2SO4 for 12 hours is shown in Figure 12-b. In this shot, the surface is noticeably 

eroded and degraded when contrasted to the clean surface of naked CS. The 3D picture for the 

CS surface was less corroded and smoother when 1000 ppm of the studied inhibitor was used, 

as shown in Figure 12-c. The 3-D picture for the CS surface was less corroded and smoother 

than the CS in 0.5 M H2SO4. Before and after adding the present inhibitor, the average 

roughness of the naked CS and CS surface in 0.5 M H2SO4 was 17.4 nm, 993.76 nm, and 122.8 

nm, respectively. The findings and 3D pictures indicated that EA extract adsorption on the CS 

surface [36-39]. 

 

 

Free Blank 

 

EA extract 

Figure 12. AFM 2D (free), 3D (Blank) of CS free surface, and 3D (EA extract). Note: Free and blank samples 

(Fig.12 a,b) were taken from the paper reference [40].Same CS sample composition, same time of immersion 

(12 h),  0.5 M H2SO4, and same corresponding author 

3.5.2. XPS.  

The protective layer formed on the CS surface in 0.5M H2SO4, as well as proving the 

adsorption nature of the EA extract. Figure 13 shows the XPS decomposition spectra for each 

element separately, which are found in the surface layer formed in a solution that controls the 

presence of the composition of the EA extract. The CS metal spectra recorded when immersed 

in a 0.5M H2SO4 containing the highest concentration of EA extract (1000 ppm) were for Cl 

2p, Fe 2p, O 1s, N1s, and C1s. Table 8 shows the binding energies date(BE, eV) and the same 

assignment for every peak component [41,42]. Different peaks were observed at binding 

energy values of the Cl 2p, Fe 2p, O 1s, N1s, and C1s, found in 0.5M Sulfuric acid and 1000 
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ppm of EA extract. Previous results obtained from XPS analysis confirmed the adsorption of 

EA molecules on the CS surface. 

Survey 

 
Fe2p 

 

O1s 

 
N1s 

 

C1s 

 

Cl2p 

 

S2p1 

 

Figure 13. Photoelectric X-rays results from Survey, Fe2p, O 1s, N1s, C1s, and Cl2p for Cs at 0.5M sulfuric 

acid solutions with 1000 ppm from Erica arborea extract.  
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Table 8. The determination of binding energies (eV) for the large core lines noticed for the surface of Csl, 

which handled by Erica arborea  extract 

Core 

element 
BE, eV Assignments 

C1s 

292.17 
C-C, 

-C=O,C-H 
286.91 

288.34 

O1s 
521.87 

Fe2O3 , Fe(OH)3 
536.18 

N1s 401.03  N-Fe 

Fe2p 

710.59 

Fe2O3/ Fe3O4/ FeOOH 

FeCl3 
 

721.07 

718.34 

714.41 

728.99 

Cl2p 198.8 Cl 2p3/2 

S2p1 165.1 S-Fe 

4. Mechanism of Corrosion Inhibition 

Mass loss and electrochemical studies show that using EA extract reduces CS 

deterioration. The results demonstrated that the inhibition mechanism depends on the 

adsorption of EA extract to active areas on the CS surface. Aside from the availability of π 

electrons in the aromatic system, the adsorption of EA extract is carried out by the adsorption 

of heteroatoms of the inhibitor that are present in various ingredients of the extract [43,44]. We 

know from phytochemical studies that EA extract has a wide range of organic substances. The 

findings of the temperature investigation revealed that mechanical adsorption occurs via 

physical adsorption. Because of its +ve charge, the CS surface favors SO4
-2 adsorption to 

generate a -ve charge surface. Therefore, this chemical (EA extract) will be present. Because 

these molecules (EA extract) are protonated, they may adsorb directly on the negative surface 

of CS [45,46] in an acidic solution via electrostatic attraction, as illustrated in Figure 14. 

 
Figure 14. Mechanism of corrosion inhibition of EA extract. 

5. Conclusions 

The following conclusions are based on the preceding findings: EA extract is a useful 

inhibitor used to constrict the corrosion of CS in H2SO4 solutions; The results data revealed 

that raising the concentration of EA extract increased the inhibitory efficiency (%IE);  
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Regardless of the blank solution, when the EA extract is introduced, the double-layer 

capacitances decrease, and the charge transfer resistance increases; EA extract adsorption 

follows the Langmuir adsorption isotherm; The findings revealed that the EA extract acts as a 

mixed-type inhibitor; The techniques utilized to identify the corrosion inhibition process, Ml, 

PDP, EFM, and EIS, are rather well agreed upon; Chemical and electrochemical procedures 

are very compatible. 
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