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1. Introduction 

Corrosion and its devastating effects in the industry is a major concern. Efforts geared toward ameliorating the 

menace of corrosion is an additional major concern for industrialists and researchers [1]. Several efforts have 

been made to control the menace of corrosion in which the use of corrosion inhibitors plays a prominent role 

[2]. Corrosion inhibitors are substances added in a minute quantity to an electrochemical system to reduce the 

rate of deterioration of the metal. Foremost amongst the inhibitors are organic compounds.  

Previous studies have shown that most organic inhibitors act by adsorption at the metal/solution interface [3]. 

This phenomenon could take place either as electrostatic attraction between the charged metal and the charged 

inhibitor molecules; dipole-type interaction between uncharged electron pairs in the inhibitor with the metal; the 

π-electrons bonds interaction with the metal and combination of all of the above [4-6]. 

Heterocyclic organic compounds containing atoms of oxygen, nitrogen, sulphur, and phosphorus as heteroatoms 

have been used as corrosion inhibitors [7-9]. These inhibitors are highly efficient due to their excellent 

adsorption unto the metal surface. In addition, several factors like the functional groups, steric factors, 

molecular structures, aromaticity and electron density at donor atoms as well as temperature and pH of the 

corrosion medium influence the adsorption of these inhibitors on the metal surface. 

There are various types of organic inhibitors that have been reported [3, 10-14]. In the various works adsorption 

has been shown to depend on certain physicochemical properties of the inhibitor group, such as functional 

groups, electron density at the donor atom, π-orbital character, and the electronic structure of the molecule. The 

work of [15] shows that the adsorption process is influenced by the electronic characteristics of the inhibitor, the 
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Abstract 

Plant extracts as corrosion inhibitors have been expansively explored and are 

found as an alternative to synthetic organic compounds. Crude hexane extract 

of Alpinia galanga rhizome and its major active constituent namely, 1'-

acetochavicol acetate were investigated for their corrosion inhibition properties 

on mild steel in hydrochloric acid solution using weight loss, electrochemical 

and quantum chemical methods. Potentiodynamic polarization investigations 

revealed that the inhibitors performed as mixed inhibitors. The highest 

inhibition efficiency of 90.2% was achieved for crude hexane extract while 

84.6% was obtained for 1'-acetochavicol acetate. The quantum chemical 

parameters calculated for 1'-acetochavicol acetate as the major compound of 

the plant gave good correlation with the experimental results. The effectiveness 

of the inhibitors was also supported using field emission scanning electron 

microscopy (FESEM). The mechanism of interaction of both the inhibitors on 

mild steel surface was found to conform to the Langmuir adsorption isotherm. 
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nature of the  metal surface, steric effect, temperature and pressure of reaction, multilayer adsorption as well as 

varying degree of surface site activity. 

Of recent, the use of synthetic organic inhibitors has been limited as a result of their high costs and 

environmental threats posed by their use. This has therefore motivated an alternative in the natural organic 

compounds [10].  

Plants have been found to be repository of several thousands of organic compounds some of which bear 

resemblance with the commonly used organic corrosion inhibitors [3, 15-17]. Extracts and constituents of plants 

have been used by several corrosion practitioners to alleviate the menace of corrosion. Naturally occurring 

substances are cheap and renewable, biodegradable and do not contain heavy metals or other toxic chemicals 

and are therefore eco-friendly and hence ecologically acceptable [18]. 

Extracts of tobacco plant [19] have been reported to show remarkable corrosion inhibition of aluminium and 

steel in both salt and acidic solutions.  Extracts from Lannea coromandelica leaves [20]; Nauclea latifolia [21]; 

Piper longa [22] Coriandrum sativum L [23]; Medicago sative [24]; Tinospora cripsa [25];  Sida acuta [26]; 

Ginko leaves [12]; Thyme leaves [27]; Apricot juice [28]; Jasminum nudiflorum Lindl [29]; Coffee senna [30] 

and several other plants have also been studied and found to be effective as corrosion inhibitors. 

The active components of various plant extracts have also been studied for corrosion inhibition in which the 

phytochemical constituents of plants have shown varying level of corrosion inhibition. Arbutin, an active 

principle from Artemisia pallens [31], alkaloid extracts of Oxandra asbeckii [32], Henna plant [33] and its 

constituents, lawsone, gallic acid α-D-glucose and tannic acid were shown to inhibit corrosion of mild steel in 

hydrochloric acid solution. Punica granatum peel and its main constituents, ellagic acid and tannic acid [34] 

were also found to be effective corrosion inhibitors on mild steel in acidic solutions; Aniba rosaeodora plant [35, 

36] with anibine as the major alkaloid has also been studied.  

The rhizomes of A. galanga, a plant belonging to the Zingiberaceae family, commonly called greater galangal is 

selected in this study. The plant is known to possess antioxidant properties [36, 37] and have been used as an 

herb for medical purposes [38]. The major active compound in A. galanga is 1'-acetoxychavicol acetate (ACA) 

with structure in figure 1. 

 

2D structure Optimized structure 

 
 

Figure 1:   Structure of 1'-acetoxychavicol acetate (ACA) 

 

Extracts of turmeric and ginger both belonging to the same family of Zingiberaceae as A. galanga have 

previously been investigated as green corrosion inhibitors [39, 40]. In their works, these plants have been found 

to have good corrosion inhibition efficiencies. A. galanga and its constituents, despite having good antioxidant 

properties and hence phytochemicals with good potentials for corrosion inhibition is yet to be exploited as a 

green corrosion inhibitor for mild steel in hydrochloric acid solution. 

 

2. Experimental details 

2.1. Materials 

The rhizome of A. galanga was collected from Tanjong Karang, Selangor, Malaysia in 2015 and was identified 

at the Botany Department, UPM, Malaysia  

 

2.2 Extraction and isolation of inhibitor 

The rhizome of A. galanga (1.2 kg) was chopped, dried and ground into powder. The sample was extracted by 

soxhlet extraction with n-hexane as solvents for 18 hours. The extract was concentrated by rotary evaporator to 

yield n-hexane crude extract (CHE) (5.63 g, 0.47 %). The n-hexane crude extract (5.63 g) was fractionated by 
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Vacuum Layer Chromatography (VLC) using sintered funnel (10.5 cm diameter) and silica gel 230-400 mesh 

(170 g) and eluted by petroleum ether (PE), diethyl ether (Et2O) and methanol with increasing polarity to afford 

25 fractions. The Thin Layer Chromatography (TLC) was performed to all fractions and similar refractive index 

(Rf) were combined to give 8 fractions (ALG1-ALG8). The fraction ALG4 (2.02 g) was further purified by 

Column Chromatography (CC) using silica gel 70-230 mesh (60 g) and packed into column (3.0 cm diameter) 

with eluent system PE:Et2O to yield 1'-acetoxychavicol acetate (ACA) (0.51 g, 9.06%) as colourless liquid.. 

 

2.3 Metal specimen preparation 

Pre-cut mild steel specimens of dimension (2.0cm x 2.0cm x 0.25cm) with the composition (wt.%: 0.036 C; 

0.172 Mn; 0.0146 P; 0.108 Ni; 0.0538 Cr; 0.082 Cu  and Fe balance) were used for the experiments. Prior to 

every measurement, the samples were abraded with a series of silicon carbide abrasive paper (grades 180, 400, 

800, 1200 and 1500). The specimens were then degreased with acetone, rinsed in distilled water, dried and 

stored in the desiccator in readiness for weight loss and electrochemical measurements. 

 

2.4. Corrosion medium 

The corrosion solution of 1 M HCl used was prepared by dilution of analytical reagent grade 37% HCl with 

distilled water. The CHE and ACA used were dissolved and sonicated in the 1 M HCl at different concentration 

ranging from 100 to 1000 ppm for the crude extract and the isolated compound (ACA). The 1 M HCl also 

served as the blank solution in the experiments. 

 

2.5. Weight loss Method 

After weighing accurately, the specimens were immersed in 100 ml of 1 M HCl with and without the addition of 

different concentrations of inhibitors for 3 hours. The mild steel specimens were then taken out, washed with 

distilled water and acetone, dried and weighed accurately. The average weight loss of three measurements was 

obtained. The determination was carried out at room temperature (27 ± 2 
0
C). The corrosion rate and the 

inhibition efficiency (IEWL%) of CHE and ACA on the mild steel sample were calculated respectively using 

Equations 1 and 2 as follows: 

                              
c

W
R

S t






                                                                                                                          
(1) 

Where Rc, W, S and t are the corrosion rate, change in weight of mild steel specimen before and after 

immersion, surface area and time of immersion respectively. 

                 (%) 1 100inh
WL

blank

W
IE

W
                                                      (2) 

Winh and Wblank are values of the weight loss with and without the addition of the inhibitors respectively. 

 

2.6. Electrochemical experiments 

Electrochemical studies were performed in a classical three-electrode cell of 250 ml capacity at room 

temperature (27 ± 2 
0
C). Mild steel coupons with an exposed area of 1 cm

2
 served as the working electrode, with 

a platinum counter electrode and saturated calomel electrode (SCE) as the reference electrode. All 

electrochemical measurements were recorded at open circuit potential (OCP) after the immersion of mild steel 

specimen for 30 minutes in the test solution  [41]. 

 

2.6.1. Potentiodynamic polarization studies 

Potentiodynamic polarization measurements were performed using the AUTOLAB model PGSTAT 30 

instrument. The polarization curves were carried out from cathodic and anodic potentials of ±0.25 V with 

respect to the open circuit potential at a sweep rate of 1 mVs
-1

. The linear Tafel segments of the anodic and 

cathodic curves were extrapolated to corrosion potential (Ecorr) to obtain the corrosion current densities (Icorr). In 

each measurement, a fresh working electrode was used. Triplicate runs were performed for each experiment to 

obtain reproducible data. 

Before polarization measurements, the working electrodes were immersed into the test solution and left for 30 

minutes at the open-circuit potential (OCP). Polarization data were analysed using GPES electrochemical 

software and corrosion current density values were obtained by Tafel extrapolation method. The inhibition 

efficiencies at different inhibitor concentrations were calculated using Equation 3. 
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                                     (3) 

Icorr and Icorr(inh) are the corrosion current densities in the absence and presence of inhibitor, respectively [42]. 

 

2.6.2. Electrochemical Impedance Spectroscopy 

Impedance studies were carried out using VersaSTAT 3 instrument. The measurements of AC impedance were 

carried out at the corrosion potential (Ecorr) with frequency ranging from 100,000 to 0.01 Hz at an amplitude of 

10 mV and scan rate of 10 points per decade. The inhibition efficiency was calculated from the values of charge 

transfer resistance (Rct) by using Equation 4: 
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ct inh
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IE
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                              (4) 

Where Rct and Rct(inh) are the charge transfer resistance in the absence and presence of inhibitor, respectively. 

 

2.7. Field emission scanning electron microscopy 

The surface morphological changes of mild steel in the inhibited and uninhibited acid solutions were assessed 

by using Field emission scanning electron microscopy (FESEM). Finely polished mild steel specimens were 

immersed in 1 M HCl solution in the absence of inhibitor and also separately in 250 ppm for both CHE and 

ACA. The specimens were retrieved after a period of 3 hours and cleaned with distilled water and acetone and 

then dried for surface examination. 

 
3. Results and Discussion 

3.1. Characterization of 1'-Acetoxychavicol acetate 
The colourless liquid gave the following peaks; Rf = 0.50 (PE: Et2O = 4: 1); 

1
H NMR (CDCl3, 400 MHz): δ 7.39 

(2H, d, J = 8.8 Hz, H-3, H-5), 7.10 (2H, d, J = 8.8 Hz, H-2, H-6), 6.28 (1H, d, J = 5.6 Hz, H-1'), 6.00 (1H, ddd, 

J = 16.4 Hz, 10.0 Hz, 5.6 Hz, H-2'), 5.32 (1H, dt, J = 16.4 Hz, 1.2 Hz, H-3'a), 5.27 (1H, dt, J = 10.0 Hz, 1.2 Hz, 

H-3'b), 2.12 (3H, s, CH3), 2.31 (3H, s, CH3); EIMS m/z (rel. int.): 234 [M+, C13H14O4] (5), 192 (81), 150 (94), 

132 (100), 77 (12). 

 

3.2. Weight loss method 
Results of weight loss measurements were taken at the normal room temperature of 27 

0
C in the presence of 

different concentrations of the inhibitors. The inhibition efficiencies were calculated and shown in Table 1. 
 

Table 1: Corrosion rate and % Inhibition efficiency of CHE and ACA on mild steel at various concentrations in 

1 M HCl by weight loss measurement 

Inhibitor Inh. Conc. 

(ppm) 

Wt. Loss 

(mg) 

Corr. Rate 

(mgcm
-2

h
-1

) 

Inh. Eff. 

(%) 

Blank  0 60.8 2.0267 - 

CHE 100 20.7 0.6900 66.0 

200 17.5 0.5833 71.2 

400 12.6 0.4200 79.3 

800 9.3 0.3100 84.7 

1000 5.9 0.1967 90.2 

ACA 100 27.1 0.9033 55.4 

200 17.5 0.5833 71.2 

400 13.2 0.4400 78.3 

800 11.3 0.3767 81.4 

1000 9.4 0.3133 84.6 

 
3.3. Potentiodynamic Polarization Method 
The linear TAFEL sections of the anodic and cathodic curves were extrapolated to acquire the corrosion current 

densities from where the corrosion inhibition efficiency, IEPDP(%) was calculated using the measured corrosion 
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current density values by adopting the relationship in Equation 1. The Tafel polarization curves for both CHE 

and ACA are shown in figure 2.  

In the presence of A. galanga extracts, the corrosion potential, Ecorr are almost constant; therefore, A. galanga 

extract could be classified as a mixed-type inhibitor. They exhibit characteristics similar to those proposed by 

Dariva Galio [43] in which inhibitors act as film forming compounds that cause the formation of precipitates on 

the metal surface thereby blocking both anodic and cathodic sites. 

Table 2 shows the electrochemical parameters associated with the polarization behaviour of mild steel in HCl at 

different concentrations of CHE and ACA.  From the tables, the corrosion current (Icorr) decreases with increase 

in the concentration of inhibitor thus leading to increased efficiency. This is as a result of increase in the 

coverage area of the mild steel by the inhibitor molecules [44]. 
 

(a)                                                                                  (b) 

 
4.  
5.  

 

Table 2 reveals that CHE and ACA behave as corrosion inhibitors with decrease in corrosion current density on 

their addition to corrosion solution at all concentrations considered.  

 

Table 2:   Tafel Polarization Parameters for Mild Steel in 1M HCl using CHE and ACA 

 

Inh. 

 

Inh. Conc. 

(ppm) 

Icorr 

(10
-4

Acm
-2

) 

bc 

(V/dec) 

ba 

(V/dec) 

Ecorr 

(V) 

Rc 

(mm/yr) 

IE 

(%) 

Blank 0 8.049 0.559 0.512 -0.722 9.355 - 

CHE 100 2.982 0.292 0.239 -0.720 3.466 63.0 

200 2.241 0.379 0.257 -0.728 2.605 72.2 

400 2.061 0.242 0.219 -0.693 2.396 74.4 

800 1.393 0.301 0.275 -0.710 1.618 82.7 

1000 0.942 0.297 0.247 -0.722 1.095 88.3 

ACA 100 3.585 0.429 0.372 -0.714 5.187 55.5 

200 2.163 0.330 0.290 -0.745 2.514 73.1 

400 2.112 0.310 0.292 -0.706 2.455 73.8 

800 2.054 0.254 0.264 -0.712 2.387 74.5 

1000 1.606 0.306 0.241 -0.721 1.871 80.0 

 

Both the extract and the major active compound of A. galanga behave as mixed inhibitors in which both shifts 

are realized and there is reduction in both the cathodic and anodic reactions It is also clearly shown that the 

Figure 2: Tafel polarization curves for corrosion of mild steel in absence and presence of different 

concentrations of (a) CHE and (b) ACA.measurements 
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inhibition efficiencies of CHE of A. galanga extracts and its major constituent, ACA increase with inhibitor 

concentrations. This also supports the results obtained using weight loss that the extracts of A. galanga behave 

as good inhibitors for the corrosion of mild steel in HCl medium. 

 

3.4. Electrochemical Impedance Spectroscopy 

The Nyquist plot representations for various concentrations of CHE and ACA are shown in figure 2. The 

ZsimpWin electrochemical impedance modelling software was used for data acquisition. Analysis adopting the 

Randles equivalent circuit model which gave almost semi-circular fit to the experimental studies was used. The 

Rct values were estimated as the variance between the impedance at lower and higher frequencies. 

(a)                                                                                         (b) 

 

Figure 3: Nyquist plots for corrosion of mild steel in absence and presence of different concentrations of (a) 

CHE and (b) ACA 

 

The evaluated EIS parameters for the inhibitors are shown in Table 3. A corresponding increase in Rct values 

with increasing concentrations of CHE and ACA is recorded but there is a contrary trend in the Cdl values with 

increase in Rct values. This is due to decrease in local dielectric constant as a result of increase in the thickness 

of the electrical double layer. The percentage inhibition efficiencies were calculated from Rct values. The higher 

the Rct values, the lower is the Cdl with attendant increase in surface coverage by the inhibitors on mild steel 

thereby resulting into an increase in the inhibition efficiency [45, 46]. 
 

Table 3: Electrochemical impedance parameters for mild steel in 1 M HCl using CHE and ACA at different 

concentrations 

Inhibitor Inh. Conc. 

(ppm) 

Rs 

(Ω cm
-2

) 

Rct 

(Ω cm
-2

) 

Cdl 

(µ cm
-2

) 

IE 

(%) 

Blank  0 4.25 21.05 8.98 - 

CHE 100 5.53 57.65 7.96 63.5 

200 5.98 83.20 7.45 74.7 

400 7.01 91.13 6.91 76.9 

800 7.23 114.40 4.99 81.6 

1000 9.34 173.58 4.55 87.9 

ACA 100 4.99 53.29 9.01 60.5 

200 6.54 67.68 7.96 68.9 

400 7.21 88.82 5.90 76.3 

800 8.08 117.60 5.25 82.1 

1000 8.78 135.74 4.73 84.5 

 

Comparing the results of inhibition efficiencies obtained from weight loss, potentiodynamic polarization and 

electrochemical impedance studies for all the inhibitors at the corresponding concentrations, there are some 

variations but their results follow similar trend. The difference in the inhibition efficiencies is attributable to the 

fact that average weight loss values are considered in weight loss measurement while instantaneous corrosion 

rate values are considered in the electrochemical measurements. 
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3.5. Quantum chemical methods 
The quantum chemical methods are used to support results of the experiments. The density functional theory 

(DFT) has proved a versatile tool in providing theoretical basis for the interaction process between the 

molecules of an inhibitor and the metal surface [47, 48]. It has been established that the adsorption of inhibitor 

molecules on metal surface occurs mainly on the underline condition of donor-acceptor interactions that occur 

between the nucleophile (π electrons from inhibitor) and the electrophile (vacant d-orbital of the metal) [49]. 

High values of EHOMO in an inhibitor have been identified as appropriate for good interaction with metal surface. 

It shows the ability to donate electrons to enhance the adsorption process. On the other hand, the ELUMO gives an 

indication of the ability of a molecule to accept electrons into its unoccupied orbitals. Lower values of ELUMO 

portend the molecule’s readiness to accept electrons. The energy gap (∆E) is a relation describing an important 

stability index of corrosion inhibition. A large energy gap implies high stability of the molecule. Using the 

various relations established by the works of [50] and [51], the quantum chemical parameters calculated for 

ACA are presented in Table 4. In the table, the high EHOMO and low ELUMO values with corresponding high 

energy gap supports the high inhibitive effect of ACA that is obtained experimentally. Analogous reports have 

been documented as the one reported in this work. 

 

Table 4: Calculated quantum chemical parameters for ACA using DFT at the B3LYP/6-31G(d) level basis set 
 

Quantum Parameters ACA 

EHOMO (eV) -6.6042 

ELUMO (eV) -0.5127 

E = ELUMO-EHOMO (eV) 6.0915 

μ(Debye) 2.2013 

2




IP EA
χ

 (eV) 

3.5584 

  HOMOIP E
 (eV) 

6.6042 

  LUMOEA E
 (eV) 

0.5127 

2




IP EA
η

 (eV) 

3.0458 

1 2


 


s

IP EA  (eV
-1

) 

0.3283 

 2  


 

  

Fe inh

Fe inh

χ χ
N

 

0.565 

 
The value of fraction of electron transferred, ∆N relates to the ability of the molecule to donate electrons and 

consequently the efficiency of the inhibitor molecule. The absolute electronegativity (χ) and hardness (η) values 

of 7.00 eV and 0 eV for Fe respectively were used in calculating the ∆N value [48] The calculated value of 0.57 

indicates that ACA is a promising indicator having a high tendency to donate electrons to the surface of the mild 

steel. In their work, Lukovits.Kálmán Zucchi [52] have shown that, when ∆N < 3.6, there is an increasing 

tendency of an inhibitor to donate electrons to the metal surface and the inhibition efficiency is enhanced. A 

similar approach has been adopted to elucidate the feasibility of interaction between ACA and mild steel 

surface. The low value of ∆N strongly correlates with the experimental inhibition efficiency of ACA. 

 

3.6. Adsorption consideration 

The surface coverage data are adopted for fitting experimental data into adsorption isotherms. The types of 

interaction between the inhibitor molecules and the metal surface are described by the adsorption isotherms [53, 

54] The data obtained from the weight loss measurement were used to generate the adsorption isotherms which 

is represented by Equation 4. The Langmuir adsorption isotherms were the more fitted for the inhibition of 

extracts molecules on the mild steel surface at the different concentrations of inhibitors used. The Langmuir 

isotherms assume a direct relationship between inhibition efficiency and the degree of surface coverage () for 
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different inhibitor concentrations. CHE and ACA obey Langmuir adsorption isotherms by producing straight 

lines for the plots of C/ versus concentrations of the inhibitors. 

1inh
inh

ads

C
C

K
                                                          (5) 

Where Kads is the binding constant of the adsorption reaction and Cinh is the inhibitor concentration in the bulk of 

the solution.  

Plots of C/θ versus Concentrations (Langmuir adsorption plots) produce straight lines with the intercept of each 

straight line equal to the reciprocal of the binding constant. The adsorption isotherms for the crude extracts of 

Alpinia galanga and ACA are shown in Figure 4. 

 

 
Figure 4:  Langmuir Adsorption Isotherm for CHE and ACA at different concentrations  

 

The main process of inhibition is adsorption as revealed by the straight lines obtained in the isotherms. It reveals 

further that increase in efficiency with increase in concentrations is a clue of increased number of components 

of the inhibitors adsorbed unto the mild steel surface. The blocking of the active sites on the mild steel surface 

leads to its protection from corrosion the acid medium.  

The Kads values give the strength of adherence between the inhibitors and mild steel. Large Kads values infer 

more effective adsorption and hence better inhibition efficiency [55]. Table 5 shows the adsorption parameters 

for the extract and ACA as inhibitors at room temperature. 
 

Table 5:   Adsorption paramters
 
for the inhibitors at room temperature (27 ± 2

 0
C) 

 

Inhibitor Intercept 

(ppm) 

Slope R
2
 Kads 

(Lmg
-1

) 

CHE 62.6973 1.0706 0.9974 0.0159 

ACA 50.1356 1.1180 0.9992 0.0200 

 
As the natural extract contains infinite components at various contents, we may introduce that inhibitory effect 

is conducted by the intermolecular synergistic effect of several molecules [56-58]. The determination of ∆Gads
 

values has no meaning since the principal component playing the major effect on inhibition process is unknown 

and content of extract is expressed by ppm and not in mol per litter.  

 
3.7. Surface Characterization (FESEM) 

Figures 5 (a) – (d) show for comparison, the images of the mild steel specimens for the polished and surfaces 

after immersion in inhibited and uninhibited corrosion media. The uninhibited surface appears very rough 

compared to the inhibited surfaces due to the acid attack. In the presence of CHE and ACA, the rough surface of 

the metal specimen is smoothened as a result of the protective layer formation on it. The protective layer serves 

as a barrier in between the mild steel and the acid corrosion media. 

The SEM images revealed that the mild steel specimen immersed in inhibited solution is in better condition 

having a smooth surface while the metal surface immersed in blank acid solutions is rough covered with 

corrosion products and appeared like full of pits and cavities [53,59]. 
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Figure 5: FESEM images of mild steel surfaces (a) polished, (b) after 3 hours of immersion in 1 M HCl, (c) 

after 3 hours of immersion in CHE and (d) after 3 hours of immersion in ACA 

 

Conclusions 
The applicability of Alpinia galanga rhizomes as corrosion inhibitor was investigated using its crude hexane 

extract and its major active constituent namely, 1'-acetochavicol acetate on mild steel in hydrochloric acid 

solution. The corrosion inhibition efficiency was established using weight loss, electrochemical and quantum 

chemical techniques. The potentiodynamic polarization results showed the inhibitors behaving as mixed 

inhibitors and physiosorption was proposed as the adsorption mechanism for the inhibition process. The 

interaction of the inhibitors on mild steel surface was found to conform to the Langmuir adsorption isotherm. 

The effectiveness of the inhibitors on mild steel in hydrochloric acid solution was further established using 

quantum chemical methods and supported by FESEM for surface morphology. 
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