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Abstract: Conocarpus Erectus extract was examined as a green corrosion inhibitor for Al in 1 M HCl 

and evaluated by different methods (chemical & electrochemical methods). Surface checks were used 

to illustrate the importance of this green extract to Al's corrosion inhibition process. The inhibition 

efficiency (%IE) increased with the raising of both Conocarpus Erectus extract dose and temperature, 

indicating that this extract was adsorbed chemically on Al surface. The %IE was 91.1% when the 

concentration Conocarpus Erectus extract was 300 ppm. Conocarpus Erectus extract inhibits both 

anodic and cathodic reactions, so it is a mixed kind inhibitor. The %IE of Al occurs by the adsorption 

process, and this metal is subject to the adsorption, according to Temkin isotherm. The surface 

examination was detected by utilizing a scanning electron microscope (SEM). The outcome data 

obtained from all experimental studies are excellent and proved the effectiveness of Conocarpus 

Erectus extract for Al's corrosion resistance.  

Keywords: corrosion inhibition; Conocarpus Erectus; HCl; aluminum; SEM. 

© 2020 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative 

Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/). 

1. Introduction 

Aluminum is the second widespread and abundant element in the Earth’s crust after 

iron. The importance of Al metal and its alloys due to its multiple applications in several fields 

of industries as the food industry, electronic devices, building, and transport [1]. Many acidic 

solutions such as HCl, H3PO4, sulfamic, and H2SO4 are extensively used in several techniques 

such as pickling of metals, cleaning of boilers, acidizing of oil wells, and recovery of ion 

exchangers [2]. In addition to the previous, HCl is one of the acids that are widely utilized in 

refining the productivity of wells in oil and gas production, and over numerous years is utilized 

to raise the primary productivity of new wells [4-5]. Plant extracts are used as a green corrosion 

inhibitor, which has a low cost and environment friendly. It is used to prevent corrosion of 

metal and alloys at different corrosion conditions. The search for green corrosion inhibitors has 

been active in the last two decades, and many plant extracts were investigated in connection 

with altered metals and corrosive environments. Some research has been highlighted on the 

positive application of plant extracts as corrosion protection for Al in a various acidic 

environment [6-8]. Certainly, occurring corrosion inhibitors are environmentally friendly, 

available, inexpensive, and sources for obtaining them are renewable [9-10]. Table 1 displays 
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a summary of the main results achieved with the utilization of altered plant extracts as inhibitors 

for the dissolution of Al in altered acidic environments [11-21]. 

  

Table 1. List of plant sources utilized for dissolution inhibition studies. 

Extract Metal/Medium IE (%) Ref. 

Capparis decidua fruit extract in ethyl alcohol Al/ HCl 32 [11] 

Jasminum nudiflorum Lindl. leaf extract in ethanol Al alloy/ HCl 45.5 [12] 

Chrysophyllum albidum fruit extract in ethanol  Al alloy/ H2SO4 58-90 [13] 

Coconut coir dust extract in acetone Al/HCl 18-80 [14] 

Cola acuminata fruit extract in ethanol Al/ H2SO4 8-46 [15] 

Nicotiana extract in ethanol Al/ H2SO4 4-45 [15] 

Alcoholic extract of Phoenix dactylifera plant Al and Al/Si in HCl 91.8 [16] 

Camellia Sinensis (green tea) Al alloy/HCl 80.0 [17] 

Solanumtrilobatum leaves Al/NaOH 94.0 [18] 

Morindacitrifolia. L Al/HCl 90.0 [19] 

Ziziphus mauritiana fruit Al and Cu/ HCl 76.8 [20] 

Alcoholic Lawsonia inermis leaves  Al/HCl 66.8 [21] 

 

In this present research, we studied the environmentally friendly materials Conocarpus 

Erectus extract as an inhibitor for Al dissolution in a 1M HCl solution. Several methods have 

been used to study the inhibition behavior, including electrochemical and mass loss studies. 

Also, the surface analysis of Al was done by SEM. 

2. Materials and Methods 

 2.1. Materials. 

The Al metal samples used in chemical studies and surface analysis were cut in a square 

shape used, and their dimensions were (2 x 2  x 0.2 cm) with a purity of 99.98%. About 

electrochemical corrosion, the working rods were prepared in 1 x 1 cm dimensions and welded 

with copper wire from one side and put it inside a glass tube and surrounded by epoxy, and 

placed for 24 hours to adhere well. The samples used are mechanically sanded with altered 

degrees of silicon carbide sheets (320-2000), washed with double distilled water, and then 

dried . 

2.2. Chemicals 

2.2.1. Preparation of plant extract. 

Fresh aerial parts of Conocarpus Erectus extract sample were obtained and dried in an 

oven at 80°C. After this step, we crushed it and converted it into powder. “The powdered (250 

g) were dripping in 500 ml of dichloromethane for five days and then imperiled to repeated 

extraction with 5×50 ml until fatigue of plant materials. The extracts found were then concerted 

utilizing rotary evaporator at a temperature under 323 K”. Finally, the dichloromethane is 

evaporated to obtain solid Conocarpus Erectus and stored at room temperature and ready for 

utilizing as corrosion protection in the research. 
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2.2.2. Solutions 

The used hydrochloric acid was prepared from 37% hydrochloric acid using double 

distilled water. Using the prepared HCl, different solutions including 1 M HCl were prepared, 

without or by adding different doses of Conocarpus Erectus ranging from 50 to 300 ppm. 

2.3. Techniques utilized for determining inhibition efficiency.  

2.3.1. Weight loss (WL) technique.  

The coins dimension for the WL tests was 2 × 2 × 0.2 cm. “The surface of these coins 

was scratched by altered grades of emery sheets, washed and degreased in the alkaline mixture  

(15 g Na2CO3 + 15 g Na3PO4 /L), washed with double distilled water, dried, weighed, and put 

them in solutions prepared from altered concentrations of Conocarpus Erectus from 50 to 300 

ppm. This occurs in the presence of 1 M HCl to compare with a sample that was placed in a 

solution of 1 M hydrochloric acid with Conocarpus Erectus. Samples are left for half an hour 

in solutions. The samples are weighed and then placed again in their solutions [22]. The steps 

are repeated every half an hour until the final of the experiment reaches to 3 hours”. The (IE%) 

and the degree of Al coverage (θ) have been computed by the equation: 

%𝐼𝐸𝑤𝑡 = [1 −
𝑊

𝑊°] × 100 = 𝜃 × 100                     (1) 

where W and W° refers to the WLs of Al per unit area with and without the investigated 

Conocarpus Erectus extract, correspondingly. 

2.3.2. Electrochemical techniques. 

In this investigation, the electrochemical technique was used through a cell consisting 

of three classic electrodes, which is the working electrode that is studied. “This electrode 

consists of Al metal, where the method of preparation was explained earlier, and the surface 

area exposed in it is 1 cm 2, and before using the electrode it is processed according to the test 

followed WL, the second electrode is the reference electrode, and the third electrode is the 

auxiliary electrode. For the working electrode, it is placed in the utilized solution at the open-

circuit voltage for 30 minutes, where the stability condition is obtained. Polarization curves 

were recorded at a steady scan rate of 0.5 mVs-1 initially from -0.8 V to 1.0 V (SCE). In this 

technique, the current density is a function of the calculation”. For computing the (%IEp) and 

(θ) the following formula was used : 

%𝐼𝐸𝑝 =  [1 −
𝑖𝑐𝑜𝑟𝑟(𝑖𝑛ℎ)

𝑖𝑐𝑜𝑟𝑟(𝑓𝑟𝑒𝑒)
] × 100 =  𝜃 × 100                                  (2) 

where icorr(free) and icorr(inh) are the uninhibited and inhibited corrosion current density values, 

correspondingly. 

Alternating current (AC) electrochemical impedance spectroscopy (EIS) measurements 

were acquired in the frequency range of 2x104 Hz to 8x102 Hz at rest potential by applying 10 

mV at OCP. All the results of impedance were compatible with the appropriate equivalent 

circuit using the Gamry Echem program and by using the charge transfer resistance (Rct). The 

(%IEEIS) and the (θ) were measured from Rct data utilizing the next eq.: 

%𝐼𝐸𝐸𝐼𝑆 = [1 −  (
𝑅𝑐𝑡

°

𝑅𝑐𝑡
)] × 100 = 𝜃 × 100                                          (3) 

where Rct and Ro
ct are the charge transfer resistances for the inhibited and the inhibitor-free 

system from Conocarpus Erectus extract, correspondingly. 
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Electrochemical frequency modulation (EFM) applied through two sinus waves from 2 

to 5 Hz. “This technology is fast and not destructive. Corrosion current density (icorr), causal 

factors CF2 and CF3, and Tafel slopes (a and c) were obtained through the greater peaks 

[23]. 

In the electrochemical investigation, the device used was Gamry Potentiostat/ 

Galvanostat / ZRA (PCI4-G750). Gamry includes DC105 software for polarization and EIS300 

EIS program for EIS, the EFM140 program for EFM, as well as a computer for data collection”. 

Echem Analyst version 5.5 was used to plot, calculate, and synthesize data. All electrochemical 

studies were applied at 298 K. 

2.4. Surface analysis. 

The morphological properties of the Al surface were studied by utilizing SEM. This 

exam happens in 1.0 M of HCl in the absence of a corrosion inhibitor Conocarpus Erectus 

extract and in the case of the highest dose of Conocarpus Erectus extract (300 ppm). Then, the 

coins were dipped in destructive environments at one day; the specimens were prepared quietly 

with double distilled water, dried, and mounted into the achieved examined test utilizing Japan, 

JEOL JSM-5500. 

3. Results and Discussion 

3.1. Potentiodynamic polarization (PP) technique. 

PP curves were recorded for Al in 1 M HCl solutions with and without various doses 

of Conocarpus Erectus extract at 298 K, as shown in Fig. 1. “The polarization curves remain 

almost the same in the absence of the extract, but in the presence of extract, both anodic and 

cathodic branches shifted to the lower values of corrosion current densities compared to the 

blank solution but the shift towards more cathodic. The electrochemical parameters derived 

from the polarization curves in Fig. 1 are given in Table 2. It is noted from this Table that icorr 

values decrease with the increase of the dose of extract due to the increase in the blocked 

fraction of the Al surface by adsorption of extract components. The Tafel slopes of βa and βc at 

298 K do not change remarkably upon the addition of Conocarpus Erectus extract, which 

indicates that both anodic and cathodic processes are controlled. A small shift in Ecorr values 

towards negative direction was obtained in the presence of the extract, indicating that the mixed 

nature of the extract”. Generally, an inhibitor can be classified as a cathodic or anodic type if 

the shift of corrosion potential in the presence of the inhibitor is more than 85 mV with respect 

to that in the absence of the inhibitor [24]. In our test indicates that Conocarpus Erectus extract 

can be arranged as a mixed-type inhibitor but more cathodic without changing in the 

mechanism of the corrosion process. 

3.2. Electrochemical impedance spectroscopy (EIS) technique. 

Figure 2 displays the Nyquist plots of the Al resulting from equivalent circuit 

measurements when there are different concentrations of Conocarpus Erectus extract. The 

matching circuit that defines for Al and electrolyte are established in Fig. 3; in this circuit, 

constant phase elements (CPE) are used as a substitute for capacitors to provide multiple types 

of homogenization that are not ideal for electrode corrosion; such as surface impurities and 

roughness, a decrease in polishing, and grain boundaries [25].  
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Figure 1. Tafel polarization diagrams for the dissolution of Al in 1 M HCl solution at various doses of 

Conocarpus Erectus at 298K. 

Table 2. Parameters obtained from PP test for the dissolution of Al in 1 hydrochloric acid in the absence and 

presence of altered dose from Conocarpus Erectus at 298K. 

[inh], 

ppm 

icorr, 

mA cm-2 

-Ecorr, 

V vs SCE 

βa, 

mV dec-1 

βc, 

mV dec-1 

C.R.x10-3 

mpy 
θ %IE 

Blank 48.30 0.821 240 390 207.0 ----- ---- 

50 2.440 1.000 83 287 10.48 0.949 94.9 

100 1.800 1.010 101 334 7.711 0.962 96.2 

150 0.815 1.050 61 304 3.494 0.983 98.3 

200 0.537 1.060 35 219 2.304 0.988 98.8 

250 0.400 1.060 34 233 1.714 0.992 99.2 

300 0.312 1.080 52 255 1.338 0.993 99.3 

Nyquist diagrams are designated by a semicircle loop. “These establish that a charge 

transfer process refers to the dissolution of Al metal. EIS parameters and % IE were obtained 

and recorded in Table 3. The results were gained in the impedance data for Al in 1.0 M 

hydrochloric acid with and without altered doses of Conocarpus Erectus extract. Fig.  2 shows 

the region of low frequency, and in the existence of Conocarpus Erectus extract, the impedance 

values rise compared to the absence of the Conocarpus Erectus extract, the radius of the circle 

rises when the dose of the Conocarpus Erectus extract increases and hence, the charge transfer 

resistance in corrosion reactions increases. From all the above, there is high resistance 

established as the result of adsorption of the Conocarpus Erectus extract at the interface Al 

/solution”. The Al dissolution and the adsorbed Conocarpus Erectus inhibitor on the Al surface 

can be characterized by “n” parameter from EIS data [26]. The lowest data of “n” (0.872) was 

detected for the sample immersed in HCl in the absence of the Conocarpus Erectus extract. 

This can be qualified to the surface inhomogeneity arising from the Al surface damage and the 

ununiformed corrosion attack”. This can be clarified by the adsorption of Conocarpus Erectus 

molecules on the surface of Al causing in more uniform corrosion on the Al. The Cdl was 

evaluated utilizing the following Eq.4 [27]:  

𝐶𝑑𝑙 = 𝑌𝜊(𝜔𝑚𝑎𝑥)𝑛−1                                                                  (4) 

Where Y0 is the CPE magnitude, and “n” is the variance CPE data of the: -1 ie n ie 1. Using 

equation 4. From Table 3 we note a lower in the values of Cdl with an increase in the dose of 

Conocarpus Erectus extract, and this can be explained by a decrease in the local dielectric 

constant and / or an increase in the thickness of the electrical double layer [28]. This due to the 

adsorption of Conocarpus Erectus molecules on the Al/interface of solution and forming of a 

protective film on the interface of the Al solution”.  
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Figure 2. The Nyquist diagram for Al dissolution in existence and nonexistence of Conocarpus Erectus extract 

298 K. 

 
Figure 3. Simple circuit utilized to fit the EIS data. 

Table 3. Results from electrochemical impedance tests for the dissolution of C-S in 1.0 M hydrochloric acid at 

an altered dose of Conocarpus Erectus extract at 298K. 

3.3. Electrochemical frequency modulation (EFM) technique. 

EFM is characterized by speed and greater accuracy in calculating the current data [29]. 

Figure 4, “indicates the EFM of Al in 1.0 M HCl solution and existence of 300 ppm dose of 

Conocarpus Erectus extract at 298 K. The EFM parameters such as (CF-2 and CF-3), (βc and 

βa), and (icorr) can be measured from the higher current peaks. The CF is closer to the standard 

data proved the validity of the calculated data [30]. The % IE increased with the raising of 

Conocarpus Erectus extract and was calculated and listed Table 4; by increasing concentration 

of Conocarpus Erectus extract, the current density has a noticeable decrease, and hence % IE 

increased”. The IEEFM raised by improving the studied extract doses and was calculated as next : 

%𝐼𝐸𝐸𝐹𝑀 = (
𝑖𝑐𝑜𝑟𝑟

° – 𝑖𝑐𝑜𝑟𝑟 

 𝑖𝑐𝑜𝑟𝑟
° ) × 100 = 𝜃 × 100                             (5) 

where io
corr and icorr are corrosion current densities in the nonexistence and existence of 

Conocarpus Erectus extract, correspondingly 

Conc, 

ppm 

RS,  

Ω cm2 
n 

Y0, 

μ Ω-1 cm-2 

Rct, 

Ω cm2 

Cdl, 

μF cm-2 
θ % IE 

Blank 2.400 0.872 32.0 11.8 10.7 ----- ----- 

50 4.788 1.034 8.184 29.9 8.7 0.605 60.5 

100 4.898 1.047 7.513 47.3 7.9 0.750 75.0 

150 4.527 1.021 7.260 65.3 7.3 0.819 81.9 

200 4.291 1.002 7.217 103.6 6.2 0.886 88.6 

250 4.432 0.997 6.763 112.9 5.8 0.895 89.5 

300 4.269 0.999 6.514 146.9 4.9 0.919 91.9 
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Figure 4. EFM curves for the dissolution of Al in 1 M HCl and in the existence of 300 ppm Conocarpus 

Erectus extract at 298 K. 

Table 4. Parameters gained by EFM test for dissolution of Al in 1.0 M HCl solutions, including various doses of 

Conocarpus Erectus extract at 298K. 

[inh], 

ppm 

icorr 

mA cm-2 

βa 

mV dec-1 

βc 

mV dec-1 

C.R x 

10-3 mpy 
CF-2 CF-3 θ %IE 

Blank 378.0 46 231 1.620 1.96 1.9 ----- ----- 

50 257.9 40 46 1.106 1.98 1.83 0.317 31.7 

100 215.0 29 47 0.922 2.14 1.85 0.431 43.1 

150 139.2 28 49 0.597 2.23 1.89 0.632 63.2 

200 114.7 29 86 0.492 1.79 2.75 0.696 69.6 

250 111.0 29 85 0.476 1.78 2.72 0.706 70.6 

300 104.6 31 76 0.448 1.80 2.87 0.723 72.3 

3.4. Weight loss (WL) technique. 

WL is one of the significant tests in defining the efficiency of the extract to inhibit the 

corrosion of Al metal. The experiments were conducted on altered doses of the Conocarpus 

Erectus extract in 1.0 M hydrochloric acid. “The whole experiment took three hours. 

Experiments were conducted at altered temperatures (298–318 K). Table 5 shows the results 

obtained in a time of 120 minutes of the research. We find that by increasing the dose from 50 

ppm to 300 ppm, the rate of inhibition increases in contrast to the rate of corrosion, which 

decreases with increasing doses of Conocarpus Erectus extract. By increasing the temperature 

of the average, the %IE will be raised, while there is a direct correlation with temperature with 

dose (Figs. 5 and 6). The corrosion rate of Al in the absence of Conocarpus Erectus extract 

increased steeply from 298 to 318 K, whereas; in the presence of Conocarpus Erectus extract, 

the corrosion rate decreased slowly. The rate of corrosion increases with an increase in 

temperature (Table 5) and hence, increases in %IE as shown in Fig. 6. The increased inhibition 

of corrosion with an increased dose of Conocarpus Erectus extract can be attributed to the 

formation of a layer of the extract on the Al surface by adsorption”. The layer formed of the 

adsorbed Conocarpus Erectus molecules isolates the surface of Al from the aggressive 

environment, which hindrance the dissolution of Al by blocking their corrosion sites [31]. 

3.1.1. Kinetic and thermodynamic studies. 

In this examination, the effect of temperature on the corrosion of Al coins utilized in 

the Conocarpus Erectus extracted and dipped in 1.0 M of hydrochloric acid was studied in the 

with and without altered doses of Conocarpus Erectus extract (50 – 300 ppm) at 298– 318 K. 

The activation energy (E*
a) measured from the slope of the diagrams utilized the Arrhenius Eq. 

(6) was used: 
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𝑙𝑜𝑔 𝑘𝑐𝑜𝑟𝑟 =  
−𝐸𝑎

∗

2.303 𝑅 𝑇
+ 𝑙𝑜𝑔 𝐴                                  (6) 

while the symbol (A) was utilized for the term exponential factor of Arrhenius. Arrhenius 

diagrams are illustrated in Fig. 7 [log kcorr against 1/T], in which the energy of the activation is 

derived from the slopes of straight lines [- E*
a /2.303R]. Using the transitional state equation, 

the changes in entropy and enthalpy were calculated. 

𝑘𝑐𝑜𝑟𝑟 =  (
𝑅𝑇

𝑁ℎ
)  𝑒𝑥𝑝 (

∆𝑆∗

𝑅
) 𝑒𝑥𝑝 (

∆𝐻∗

𝑅𝑇
)                         (7) 

Figure 8 Displays a plotting log (kcorr/T) against 1000/T, “where this Figure shows the 

transitional state of the Conocarpus Erectus extract. Slopes are utilized to calculate enthalpy 

((-H*
a/2.303R), and the activation entropy of the shape is calculated utilizing intersections of 

the lines[log(R/Nh) +S*
a/2.303R]. E*

a values increase in the presence of Conocarpus Erectus 

extract for Al in 1 M HCl (Table 6). The decrease in E*
a with increasing extract dose is typical 

of chemisorption due to the chemical bonds were strengthen by increasing temperature of 

energy barrier on the Al surface, and its thickness raises by improving the doses [32]. The (ΔH* 

has a positive value that reflects the endothermic nature for the dissolution of Al. Normally, an 

endothermic procedure designates chemisorption”. Reducing in the data of ΔS* for the 

Conocarpus Erectus extract imply that activated complex in the rate-determining step signifies 

the dissociation rather than the association step, demonstrating that rise in disorder happened 

on going from reactants to the activated complex [33].  
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Figure 5. WL-time curves for the dissolution of Al in 1.0 M HCl at 298 K, at altered doses of Conocarpus 

Erectus extract at 298 K. 
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Figure 6. The influence of temperature on the % IE of Al metal. 
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Table 5. Data of WL of Al in 1.0 M HCl solution for various doses of Conocarpus Erectus after 120 min., at 

(298–318 K). 

%IE Θ 
C.R.x103, 

mg cm2min-1 

WL, 

mg cm 2 

[Inh], 

ppm 
Temp., K 

-- -- 16.08 1.930 Blank 

298 

49.2 0.492 8.17 0.980 50 

57.4 0.574 6.85 0.822 100 

61.5 0.615 6.19 0.743 150 

67.2 0.672 5.28 0.633 200 

69.1 0.691 4.96 0.596 250 

73.5 0.735 4.26 0.511 300 

-- -- 33.0 3.96 Blank 

 

 

303 

 

51.0 0.510 16.17 1.94 50 

59.0 0.590 13.53 1.62 100 

67.3 0.673 10.75 1.29 150 

71.3 0.713 9.42 1.13 200 

73.0 0.730 8.83 1.06 250 

78.6 0.786 7.00 0.84 300 

-- -- 64.83 7.78 Blank 

 

308 

 

53.1 0.531 30.33 3.64 50 

62.8 0.628 24.08 2.89 100 

69.8 0.698 19.50 2.34 150 

74.5 0.745 16.50 1.98 200 

76.9 0.769 14.92 1.79 250 

80.0 0.800 12.92 1.55 300 

-- -- 159.25 19.11 Blank 

 

313 

57.0 0.570 68.40 8.21 50 

65.2 0.652 55.40 6.65 100 

72.1 0.721 44.42 5.33 150 

76.4 0.764 37.50 4.50 200 

81.0 0.810 30.25 3.63 250 

83.3 0.833 26.58 3.19 300 

-- -- 218.75 26.25 Blank 

318 
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Figure 7. Arrhenius diagrams for dissolution of Al in 1.0 M HCl at altered doses of Conocarpus Erectus extract. 
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Figure 8. Transition state diagrams for dissolution of Al in 1.0 M HCl at altered doses of Conocarpus Erectus. 

Table 6. Thermodynamic parameters of the Arrhenius equation and transition state equation. 

[inh], 

ppm 

Ea
* 

,
 

kJ mol-1 

∆ H*, 

kJ mol-1 

∆S*, 

J mol-1K-1 

1 M HCl 107.0 105.0 74.0 

50 98.6 90.8 20.5 

100 94.1 87.5 9.5 

150 87.9 86.0 7.2 

200 85.3 83.7 4.8 

250 80.9 81.0 3.1 

300 61.0 78.4 1.4 

3.1.2. Adsorption isotherms. 

The behavior of adsorption of Conocarpus Erectus extract on the surface of Al can be 

described by adsorption isotherm. “Many adsorption processes can utilize, such as (Langmuir, 

Temkin, Freundlich, Flory-Huggins) [34]. It is deduced that θ increased with raising the extract 

dose; this is because of the adsorption of Conocarpus Erectus molecules on the Al surface. The 

excellent explanation of the adsorption procedure can be achieved by using Temkin isotherm”. 

Equation 8 explains Temkin isotherm, and from it, we plot the linear relation between Ө and 

log C, which appears in (Fig. 9).   

𝜃𝑐𝑜𝑣𝑒𝑟𝑎𝑔𝑒 = (
2.303

𝑎
) 𝐿𝑜𝑔 𝐾𝑎𝑑𝑠 + (

2.303

𝑎
) 𝐿𝑜𝑔 𝐶                                                (8) 

Where C refers to the dose of Conocarpus Erectus extract in the electrolyte, “a” (heterogeneous 

factor of Al surface) and Kads represents the equilibrium constant for the process of adsorption. 

The data gained from “a” Kads and ΔG°ads are obtained in Table 7. The relationship of Kads and 

standard free energy (ΔG°ads) can be expressed by Eq.9. 

ΔG°ads = -RT ln (55.5 Kads)                                                                         (9) 

In this equation, the value 55.5 reveals the water concentration in the bulk solution 

where it is expressed in mol / L. “ΔG°ads had negative values designates spontaneous adsorption 

of the Conocarpus Erectus extracts molecules on the surface of Al.  Therefore, ΔG°ads were 

determined (37.3-47.4 kJ mol-1) and recorded in Table 7, ΔG°ads data up to (-20 kJ mol-1) is 

reliable with physisorption while that more than (-40 kJ mol-1) defines chemisorption 

mechanism. Kads values increase with a rise in temperature (Table 8), indicative that the 

strength between adsorbate and adsorbent [35].  This also supports the chemical mechanism 

than the physical mechanism (i.e., mixed adsorption mechanism); the heterogeneous factor of 
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metal surface (a > 0) positive value shows that there is a molecular attraction between the 

adsorbed molecules on a metal surface”. Also, an endothermic adsorption process (ΔHo
ads > 0) 

may involve chemisorption [36]. The plot of (ΔGo
ads) versus T as shown in (Fig.10) conferring 

to the basic thermodynamic equation: 

∆𝐺ads
° = ∆𝐻ads

° −  𝑇∆𝑆ads
°                                                                                 (10) 

In our research, the value of ΔHo
ads equals 98 kJ mol-1, which designates that the 

adsorption is chemisorption. Large negative value ΔSo
ads= -454 J mol-1K-1 indicates that 

lowering in a disorder of dissolution process on the surface of Al in 1 M HCl utilizing 

Conocarpus Erectus extract as a corrosion inhibitor (Table 7).  
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Figure 9. Temkin isotherms for Al dissolution in 1 M HCl at altered temperatures. 
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Figure 10. Variation of ∆Go

ads versus T for the adsorption of Conocarpus Erectus on Al surface in 1 M HCl. 

Table 7. Parameters for Temkin adsorption of Conocarpus Erectus on Al surface at various temperatures. 

Temperature, 

K 
a 

Log K ads 

M-1 

-ΔGo
ads 

kJ mol-1 

ΔHo
ads 

kJ mol-1 

-ΔSo
ads 

J mol-1K-1 

298 7.96 4.80 37.3 

98.0 454.0 

303 8.29 5.16 40.0 

308 7.41 5.23 41.1 

313 7.54 5.40 42.8 

318 8.03 6.05 47.4 

 

3.5. Surface characterization by scanning electron microscopy (SEM). 
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SEM affords a pictorial representation of the Al surface. “The micrographs of Al 

specimens with and without 300 ppm of Conocarpus Erectus extract after 24 hours dipping in 

1.0 M hydrochloric acid were shown in Fig. 11(a, b, c) The SEM micrographs of polished Al 

(free) in Fig. 11a showed the smooth surface of the Al.  This shows the lack of any damage 

products or extracts complex designed on the Al surface. The SEM micrograph of Al surface 

immersed in HCl is shown in Fig. 11b. The damage of the Al surface designates that the 

dissolution of Al in HCl. Fig.11c indicates that in the presence of 300 ppm in HCl, that we 

have no cracks and the surfaces of the specimens are more smooth rather than without using 

the extract; this is because of the random arrangement of the Conocarpus Erectus molecules 

on the surface of the Al”, and a with attaching the active sites on the Al surface and making 

protection of the Al from the corrosive medium via the extract [37].   

   
(a) (b) (c) 

Figure 11. SEM micrographs of Al samples after immersion in 1M HCl for 24 hours at 298 K. (a) without 

Conocarpus Erectus extract and HCl (b) with dipping in 1 M HCl, and (c) after 24 h dipping in 1 M HCl + 300 

ppm of Conocarpus Erectus extract. 

 

3.6. Comparison of inhibition efficiency achieved from altered tests. 

Table 8 reports the comparison of %IE gotten from various tests (WL, PP, EIS, and 

EFM measurements) for Al in 1M HCl solution at altered doses of Conocarpus Erectus extract 

at 298 K. The outcomes data obtained from all tests were in excellent agreement, as revealed 

in Fig 12. 

 
Figure 12. Inhibition efficiency obtained from WL, PP, EIS, and EFM measurements for Al dissolution in 1M 

HCl at different doses of Conocarpus Erectus extract at 298 K. 
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Table 8. %IE obtained from WL, PP, EIS and EFM tests for Al dissolution in 1M HCl at altered doses of 

Conocarpus Erectus extract at 298 K. 

[Inh] 

ppm 

%IE 

WL PP EIS EFM 

50 49.2 94.9 60.5 31.7 

100 57.4 96.2 75.0 43.1 

150 61.5 98.3 81.9 63.2 

200 67.2 98.8 88.6 69.6 

250 69.1 99.2 89.5 70.6 

300 73.5 99.3 91.9 72.3 

3.7. Mechanism of corrosion inhibition. 

Conocarpus Erectus extract is included various naturally taking place in organic 

composites. “Hence, the protected action of Conocarpus Erectus extract could be qualified to 

the adsorption of its constituents on the surface of Al. The main phytochemical components of 

this plant extract are seventeen compounds representing Tannins, Flavonoids (Rhamnetin), 

Coumarins, and Triterpenes (Celastrol) were the major constituents in the plant. The presence 

of heteroatoms such as N and O directly attached to the aromatic ring improves the obtainability 

of π-electrons to get bonded to the vacant p-orbital of Al. The great control of Conocarpus 

Erectus extract could also be due to the big size of this Conocarpus Erectus molecule, which 

coated varied areas on the surface of Al and hence, prevents the dissolution. In the case of the 

neutral form of the Conocarpus Erectus extract molecules, adsorption occurs through the 

replacement of water molecules adsorbed on a metal surface and the sharing of electrons 

between heteroatoms of extract molecules and the Al surface. Moreover, extract molecules can 

adsorb to the metal on the base of the donor-acceptor interaction between the vacant p-orbitals 

of Al surface atoms and the  electrons of benzene rings, which lead to a rise in the thickness 

of the formed layer on the Al surface by formation of coordination bonds with the heteroatoms 

present in the main components (chemical adsorption)”. It was found that the Al surface in acid 

media has a positive charge, which leads to a coordination bond with the negative charge 

species (physical adsorption) [38]. In an aqueous acidic environment, the main constituents of 

Conocarpus Erectus extract may exist as neutral molecules or as protonated molecules 

(cations). So, in view of the above mechanism, the following may occur: First Cl- anions adsorb 

chemically on positively charged Al surface, resulting in that the Al surface became negatively 

charged. The protonated extract molecules then get adsorbed on the negatively charged Al 

surface, forming a physisorption mechanism. 

4. Conclusions 

 The results obtained from all tests displayed that the hindrance action rises with 

increases in the Conocarpus Erectus extract doses and with improving the solution temperature 

(chemical adsorption). Raising the dose of the Conocarpus Erectus extract reduced the double 

layer capacitances and increasing the Rct. The adsorption of plant extract molecules on the Al 

surface follows Temkin adsorption isotherm. The adsorption negative free energy (-ΔG°ads) 

suggests fast and spontaneous adsorption of the extracts on the surface of Al, and chemisorption 

was found to be the adsorbed of the Conocarpus Erectus extract. Tafel polarization results 

indicate that this extract component act as a mixed-kind inhibitor but more cathodic. The 

inhibition efficiencies determined by WL, PP, EFM, and EIS tests are the best agreement. SEM 

micrographs indicate that this extract is adsorbed on the Al surface, forming a protective film. 
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