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Abstract Bauhinia tomentosa leaves extract (BTLE) as a

corrosion inhibitor in 1M HCl was investigated by using

weight-loss method and electrochemical techniques. The

inhibition efficiency of BTLE was found to increase with

increasing concentration. The effect of temperature on the

corrosion inhibition of mild steel in the temperature range

of 308–333 K was studied. Polarization measurements

revealed that the BTLE acted as a mixed-type inhibitor.

Nyquist plots showed that on increasing the BTLE con-

centration, the charge-transfer resistance increased and

double-layer capacitance decreased. The adsorption of

BTLE on mild steel obeyed the Langmuir adsorption iso-

therm. The maximum inhibition efficiency was found

(93.47% in HCl) at 308 K in the presence of 700 ppm of

BTLE. Mechanism of corrosion inhibition of BTLE on

mild steel is explored with the help of FT-IR, UV, SEM

and AFM techniques.

Keywords Corrosion inhibition � Mild steel � BTLE �
Impedance � SEM

1 Introduction

Corrosion is the destruction of materials by chemical

interaction with their environment [1]. The term corrosion

is also applied to the degradation of plastics, concrete and

wood. In common, most of the metals are found in a

chemically combined state as oxides, carbonates, sulfates.

Their combined forms are thermodynamically stable state.

A large amount of energy is supplied to extract metals from

ores and is a natural tendency to go back to the low-energy

state that is a combined state by recombining with the

elements present in the environment. Corrosion is a natural

phenomenon that cannot be avoided, but it can be con-

trolled or prevented using appropriate preventive measures.

Most effective and practical methods of corrosion pre-

vention are electrodes protection, coatings, alloying and the

use of chemical and green inhibitors.

Acid solutions are widely used as agents in several

industries for the removal of undesirable oxide films, and

the main problems associated with these agents are scaling,

corrosion, fouling and shutdown of thermal power plant,

etc. [2]. A corrosion inhibitor is an additive which reduces

the rate of metal wastage by adsorption of ions or mole-

cules into metal surface. It blocks the surface from the

corrosion environment or by retarding the electrochemical

processes. Even though many synthetic inhibitors showed

anticorrosive activity, most of them are highly toxic.

Therefore, to develop most effective and environmentally

friendly corrosion inhibitors, much attraction is focused on

synthesis of green corrosion inhibitors. Green inhibitors

can be used in the form of extracts or essential oils. Various

parts of the plants are now used as corrosion inhibitor [3].

Green corrosion inhibitions do not contain heavy metals

and toxic compounds. Sribharathy et al. [4] have studied

Aloe Vera extract for the corrosion inhibition of carbon

steel in sea water. The effect of Inula Visoa extracts on the

corrosion of copper in 1M NaOH was studied by Nawaflah

et al. [5]. The inhibitive action of Santorin chamacey-

parissus extract as a natural inhibitor on corrosion of 304

steel in 3.5% NaCl solution was investigated [6]. The

& K. K. Mothilal

mothi63@yahoo.com

1 Department of Chemistry, Saraswathi Narayanan College,

Perungudi, Madurai, Tamilnadu 625022, India

2 Department of Chemistry, Thiagarajar College,

Madurai 625009, India

123

J Bio Tribo Corros (2017) 3:13

DOI 10.1007/s40735-017-0072-5

http://crossmark.crossref.org/dialog/?doi=10.1007/s40735-017-0072-5&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s40735-017-0072-5&amp;domain=pdf


corrosion inhibitory action of Bauhinia purpurea extract on

steel in acid medium has also been investigated [7].

This work prompted us to investigate the inhibitory

effect of Bauhinia tomentosa leaf extract as corrosion

inhibitor for steel in 1M HCl medium. Bauhinia tomentosa

(BT) is a member of the family Fabaceae. The objective of

the present work is to study the corrosion-inhibiting effect

of BTLE in acid medium (1M HCl) by the mass loss

method, electrochemical method UV, FT-IR, SEM and

AFM. In addition, thermodynamic and kinetic parameters

are calculated and discussed.

2 Experimental

2.1 Preparation of the Specimens

Composition of mild steel specimen (%) was C: 0.13, Si:

0.18, P: 0.39, S: 0.04, Cu: 0.025 and rest Fe. The specimens

were mechanically cut into sizes with 2.5 cm 9

2.5 cm 9 0.4 cm dimensions and abraded by emery paper

of different grades and finally polished with 4/0 grades

emery paper to obtain mirror-like finish. Each specimen

was then degreased by washing with acetone, dried at room

temperature and preserved in moisture-free desiccators. All

chemicals and reagents are AnalaR grade. The concentra-

tion of test solution (1M HCl) was prepared by using triple-

distilled water and AR-grade HCl.

2.2 Extraction of BT Leaf Extract

BT leaves were collected from Alagar kovil hills, Madurai,

TN, India. The leaves were dried, grained and soaked in

deionized water for 6 h. After 6 h, the crude extracts were

boiled, cooled and triple-filtered. The amount of plant

material extracted into solution was quantified by com-

paring the weight of dried residue with the initial weight of

the dried plant material before extraction. From the

respective stock solutions, inhibitor test solution was pre-

pared in the concentration range from 550 to 700 ppm.

2.3 Weight-Loss Method

Weight-loss experiments were done at various tempera-

tures ranging 308–333 K for 2 h in 1M HCl. The speci-

mens were immersed in 100 mL of the respective inhibitor

and the test solution in a thermo-stated bath. The speci-

mens were weighed before and after immersion. The dif-

ference in weight was taken as the weight loss of mild

steel. From the weight loss (DW), corrosion rate (CR) and

the percentage of inhibition efficiency (IE %) were calcu-

lated using the following equation:

Corrosion rate ðmpyÞ ¼ KW

DAT

K = 534 to give CR in mpy and K = 87.6 to give CR in

mm/year, where W = weight loss (Wb - Wa), where Wb

and Wa are the specimen weights before and after immer-

sion in the tested solution, D is the density of the specimen

(g/cm3), A is the area of the specimen in inch2 and T is the

period of immersion in hours.

Corrosion rate ðmpyÞ ¼
534� wt lossðgÞ Wb �Wað Þ

Density ðDÞ � Area ðinchÞ � Time ðhÞ
ð1Þ

IE% ¼ W0 �W1ð Þ=W0½ � � 100 ð2Þ

The k value is constant and its magnitude depends on the

system of units used. The CR expressed in terms of either

mils (1/1000 inch) per year (mpy) or millimeters per year

(m/year). W0 and W1 are the weight loss of mild steel in the

absence and presence of inhibitor, respectively.

2.4 Electrochemical Impedance Spectroscopy

Measurements (EIS)

Tafel polarization curves andNyquist impedance curveswere

recorded using CH electrochemical workstation (Model No.

CHI604D, manufactured by CH instruments, Austin, USA),

and a cell containing three compartments for electrode was

used. The working polishedmild steel electrodewith exposed

area of 0.5 cm2 was immersed in a test solution. A platinum

electrode and saturated calomel electrode were used as the

counter and the reference electrode, respectively. Before

electrochemical impedance experiment, the electrode was

allowed to corrode freely and its open-circuit potential was

recorded. Potentiodynamic polarization curveswere recorded

from-300 to?300 m Vsce (verses OCP) with a scan rate of

1 mVs-1. Electrochemical impedance spectroscopy mea-

surements were taken in the frequency range of 0.1 Hz to

100 KHz. All electrochemical measurements were studied at

308 K using 100 mL of electrolyte (1M HCl) in stationary

condition. Each experimentwas repeated in triplicate to check

the reproducibility of the data.

2.5 Surface Analysis Studies

2.5.1 Fourier Transform Infrared Spectroscopy (FT-IR)

FT-IR spectra were recorded in SHIMADZU-FTIR-8400S

spectrophotometer. The mild steel was immersed for 2 h in

100 mL1MHCl solution containing700 ppmofBTLE.After

2 h, the specimens were taken out and dried and then rubbed

with the small amount of KBr powder and made into a disk.
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2.5.2 SEM and AFM Characterizations

The mild steel specimens were immersed in acid solutions

in the absence and presence of optimum concentration

(700 ppm) of inhibitor for a period of 2 h. After 2 h, the

specimens were taken out and dried. The nature of the

surface film formed on the surface of the mild steel spec-

imen was examined by using a JEOL (JSM 6390) scanning

electron microscope (SEM) and atomic force microscope

(AFM) (Akilan Technology, UK, 5500 series).

2.6 UV–visible Spectroscopic Studies

The phytochemical constituents of BTLE treated with 1M

HCl and after 2 h of mild steel immersion were analyzed

using JASCOW-32 spectrophotometer. The absorption

spectra of these solutions were recorded with test solution

as a reference.

3 Results and Discussion

3.1 Weight-Loss Measurements

Based on the weight-loss measurements, corrosion rate and

inhibition efficiency (IE %) for various concentrations of

BTLE, after 2 h of immersion at the temperatures 308, 313,

323, 333 K in 1M HCl, are given in Table 1. The following

equation is used to determine the inhibition efficiency

(IE %):

IE% ¼ CR0 � CRinhð Þ=CR0 � 100 ð3Þ

where CR0 and CRinh are the corrosion rates of steel

without and with the inhibitors, respectively. Table 1 gives

the inhibition efficiencies calculated from the weight-loss

measurements of different concentrations of BTLE in 1M

HCl. The inhibition efficiency increases with increasing

concentration of the inhibitors in HCl medium. The max-

imum inhibition efficiency was obtained (93.47% in 1M

HCl) at 308 K.

3.2 Thermodynamic Activation Parameters

The apparent activation energy Ea
*, the enthalpy of acti-

vation DH* and the entropy of activation DS* for the cor-

rosion of mild steel samples in 1M HCl solution in the

absence and presence of different concentrations of BTLE

were calculated from Arrhenius Eqs. (4) and (5)

CR ¼ A exp �E�
a=RT

� �
ð4Þ

CR ¼ RT=Nh exp
DS�

R

� �
exp

�DH
RT

� �
ð5Þ

where CR is the corrosion rate, A is the frequency factor,

h is the Planck’s constant, N is the Avogadro’s number and

R is the universal gas constant. A plot of log CR/T versus 1/

Table 1 Dependence of inhibition efficiency of BTLE from its concentration in the corrosion of mild steel in 1M HCl

Acid solution Temperature (K) Concentration (ppm) Corrosion rate (mpy) H Inhibition efficiency (%)

1M HCl 308 0 0.227 – –

550 0.048 0.7865 78.65

600 0.033 0.8527 85.27

650 0.022 0.9016 90.16

700 0.014 0.9347 93.47

313 0 0.548 – –

550 0.141 0.7421 74.21

600 0.108 0.8015 80.15

650 0.084 0.8461 84.61

700 0.052 0.9041 90.41

323 0 0.721 – –

550 0.249 0.6534 65.34

600 0.212 0.7056 70.56

650 0.178 0.7524 75.24

700 0.143 0.8014 80.14

333 0 1.023 – –

550 0.44 0.5690 56.9

600 0.396 0.6125 61.25

650 0.354 0.6532 65.32

700 0.308 0.6981 69.81
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T gives a straight line with a slope of DH/2.303R and

intercepts of log R/Nh ? DS/2.303, and Fig. 1 represents

the plot of log CR versus 1/T in 1M HCl at concentration

ranging from 0.055 to 0.070 g/L. From the slope in Fig. 1,

the values of Ea were calculated, and Fig. 2 represents the

plot of log CR/T versus 1/T in 1M HCl. The values of

activation energy for the inhibited solution were greater

than that of uninhibited solutions indicating that the cor-

rosion of mild steel was decreased due to the formation of a

barrier by the adsorption of the inhibitors on the mild steel

[8]. The calculated values of the apparent activation energy

(Ea), activation enthalpies (DH*) and the entropy of acti-

vation (DS*) are given in Table 2. It is clear that the

presence of tested compounds increases the activation

energy and consequently decreases the corrosion rate of

mild steel by making a barrier to mass and charge transfer

and by their adsorption on the mild steel surface. The

negative values of DH* reflect the exothermic reaction of

corrosion process. This suggests a strong adsorption of

BTLE on the mild steel surface. The values of DS* in the

absence and presence of tested compounds are negative

which indicates that the activated complex in the rate-de-

termining step represents an association rather than disso-

ciation [8, 9]. This means that the activated molecules are

in a higher-order state than that at the initial state.

3.3 Adsorption Isotherm

The adsorption characteristics of the studied inhibitors

were investigated by fitting data obtained for the degree of

surface coverage into different adsorption isotherms

including Langmuir, Temkin, Frumkin, Freundlich, Florry

Huggins, Bockris-Swinkel adsorption isotherms. The tests

indicate that the adsorption of the studied BTLE on a mild

steel surface is best described by the Langmuir adsorption

model in 1M HCl medium which can be expressed as

follows:

Fig. 1 Arrhenius plot of log CR versus 1/T at different concentra-

tions of BTLE

Fig. 2 Transition-state plots of log CR/T versus 1/T at different

concentrations of BTLE

Table 2 Corrosion kinetic

parameters for mild steel in 1M

HCl in the absence and presence

of different concentrations of

BTLE

Acid solution Cinh (ppm) Ea (KJ/mol) -DH* (KJ/mol) -DS* (J/mol/K)

1M HCl 0 43.02 134.31 197.55

550 65.73 220.95 197.54

600 70.42 236.27 197.53

650 82.98 275.52 197.53

700 94.65 315.16 197.52

Fig. 3 Langmuir adsorption isotherm for mild steel in 1M HCl

containing different concentrations of BTLE at 308–333 K
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LogðC=hÞ ¼ logK þ logC ð6Þ

where C is the concentration of the inhibitors in the bulk

electrolyte and K is the equilibrium constant of adsorption.

Figure 3 presents the Langmuir isotherms for the adsorp-

tion of the studied BTLE in 1M HCl. Values of adsorption

parameters deduced from the isotherms are presented in

Table 3. From the results obtained, the slopes and R2 val-

ues for the plots are closer to unity, indicating that the

adsorption of the studied BTLE is consistent with the

Langmuir adsorption model [10]. The equilibrium constant

of adsorption deduced from the Langmuir adsorption iso-

therm is related to the free energy of adsorption of the

inhibitors as follows:

DG0
ads ¼ �RT � ln 55:5Kadsð Þ ð7Þ

where Kads is the equilibrium constant of adsorption of

water, DGads
0 is the free energy of adsorption, the value 55.5

is the concentration of water in solution in mol L-1, R is

the gas constant and T is the temperature. Table 3 displays

the equilibrium constants, interaction parameter and free

energies for adsorption of various inhibitor concentrations.

If the calculated DGads are negative and less than threshold

value of -20 kJ/mol, it confirms that the adsorption of

inhibitors on mild steel is spontaneous and that the physical

adsorption mechanism is applicable [11–13]. It is seen that

all free-energy values (Table 3) are negative indicating

spontaneous adsorption of the inhibitors on mild steel

surface and range of free energy values around -20 kJ/mol

indicating that the nature of adsorption is physical for

BTLE inhibitor in acid medium [14–16].

3.4 Electrochemical Impedance Spectroscopy (EIS)

The corrosion of mild steel immersed in acid solution in the

presence and absence of BTLE was investigated by EIS at

308 K after exposure period of 2 h. Figure 4 shows

Nyquist plots for mild steel in 1M HCl in the presence and

absence of BTLE inhibitor in various concentrations. The

Nyquist plot for Randles cell shows (impedance diagram) a

depressed semicircle with center under the real axis. Such

behavior is characteristic for solid electrode which might

be the result of surface roughness, dislocations, distribution

of the active sites or adsorption of the inhibitor molecules

[14]. In 1M HCl medium, the impedance spectra exhibit

one single capacitive loop, which indicates that the corro-

sion of mild steel is mainly controlled by the charge-

transfer process. Inhibition was increased with increasing

the concentration of BTLE [15], indicating that the

strengthening of protective layer of BTLE molecules

formed on the electrode surface [16, 17]. Acid environment

(1M HCl) showed maximum inhibition efficiency (94.56%

in HCl at 700 ppm) at 308 K. After increasing the con-

centration of BTLE, no further change in charge-transfer

resistance and inhibition efficiency was observed. The

impedance parameters such as Rs, Rct and Cdl derived from

Nyquist plots are given in Table 4. The inhibition effi-

ciencies for each concentration were calculated using the

formula:

IE% ¼ RctðinhÞ � Rct=RctðinhÞ � 100 ð8Þ

where Rct and Rct(inh) are charge-transfer resistance in the

absence and presence of inhibitor, respectively. From

Table 4, it is clear that charge-transfer values increase and

Cdl values decrease after the addition of inhibitor in both

solutions. The decrease in Cdl values may be due to the

adsorption of inhibitor on mild steel surface leading to the

formation of productive film on mild steel surface [18, 19].

Thin film acts as barrier between steel surface and corro-

sion medium. The inhibitor shows maximum inhibition

efficiency 94.56% in 1M HCl.

Table 3 Thermodynamic

parameters for adsorption of

BTLE on the mild steel in 1M

HCl

Acid solution Temperature (K) Kads (g/L) -DGads
o (kJ/mol) R2

1M HCl solution 308 19.6 20.16 0.903

313 16.6 17.41 0.950

323 13.8 17.85 0.995

333 12.0 13.39 0.979

Fig. 4 Nyquist plots for mild steel immersed in 1M HCl at different

concentrations of BTLE at 308 K
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3.5 Polarization Curves

Figure 5 shows potentiodynamic polarization curves of

mild steel in 1M HCl in the absence and presence of BTLE.

Figure 5 shows that both anodic and cathodic reactions of

mild steel corrosion are suppressed in the presence of

BTLE in 1M HCl medium and the suppression effect

increases with the increase in the concentration of BTLE.

Electrochemical kinetic parameters, i.e., corrosion poten-

tial (Ecorr), cathodic and anodic Tafel slopes (bc and ba)
and corrosion current density (Icorr), obtained by extrapo-

lation of the Tafel are presented in Table 5. The inhibition

efficiencies of BTLE in 1M HCl are also given in Table 5.

The inhibition efficiency is defined as:

IE% ¼ Icorr � IcorrðinhÞ=Icorr
� �

� 100 ð9Þ

where Icorr and Icorr(inh) are the corrosion current density

values without and with inhibitor, respectively. Increasing

inhibitor concentrations decreases the corrosion current

densities. The presence of inhibitors results in a slight shift

of the corrosion potential toward the active directions in

comparison with the result obtained in the absence of

inhibitor. The decrease in both the anodic and cathodic

densities in acid solution indicates that the inhibitor sup-

presses both the anodic and cathodic reactions. This phe-

nomenon may be due to the presence of BTLE on mild

steel surface [20–22]. On the other hand, in the presence of

inhibitors the values of ba were changed more than bc
values. This suggests that the anodic reaction was con-

trolled predominantly than cathodic reactions at all con-

centrations. From the overall magnitude of the difference

in ba and bc values compared to the blank results, it is

revealed that the inhibition effects of the BTLE are anodic

dominating since the changes in ba values are more sig-

nificant than the change in bc values. The overall results

suggest that the investigated inhibitor acts as mixed-type

inhibitor [23, 24]. It is observed that the inhibition effi-

ciency increases with increasing concentration of the

inhibitors. Highest inhibition efficiency reaches a maxi-

mum value of 93.23% in 1M HCl at 700 ppm.

These results permit to conclude that Icorr decreases with

increasing inhibitor concentration, and further addition of

BTLE does not change the values of Ecorr and bc. IE

increases with inhibitor concentration reaching a maximum

value at 700 ppm of BTLE in 1M HCl. All the results

obtained from weight loss, polarization and EIS studies are

in good agreement.

Table 4 Impedance

parameters, rest potential and

inhibition efficiency in the

corrosion of mild steel in 1M

HCl

Acid solution Cinh (ppm) Rs (9X cm-2) Rct (9X cm-2) Cdl (F/cm
2) % IE

1M HCl 0 3.038 6.609 9 9 10-3 –

550 2.798 15.186 1 9 10-3 56.47

600 0.551 56.101 1.5 9 10-4 88.21

650 4.860 95.580 6.1 9 10-5 93.08

700 8.937 121.711 4.3 9 10-5 94.56

Fig. 5 Tafel plots of mild steel immersed in 1M HCl with and

without BTLE

Table 5 Potentiodynamic polarization parameters in the corrosion for mild steel in 1M HCl

Acid solution Cinh (ppm) Ecorr (mV) Icorr (lA cm-2) bc (mV/decade) ba (mV/decade) Rp (ohm cm2) % IE

HCl 0 -474 266 189.1 115.4 12 –

550 -468 165 191.9 109.7 18 37.96

600 -468 33 168.8 72.5 66 87.59

650 -466 19 166.3 61.8 101 92.85

700 -454 18 171.5 63.3 108 93.23
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3.6 FT-IR Studies

The FT-IR spectroscopy is used to determine the type of

bonding for organic inhibitors adsorbed on the metal sur-

face. FT-IR spectra have been used to analyze the protec-

tive film formed on metal surface. FT-IR spectrum of crude

BTLE is shown in Fig. 6. There were many compounds

present in the BTLE which contributed in effective work-

ing of the inhibitor. It is very difficult to identify each

compound separately although efforts have been made to

know groups present in the BTLE. Figure 6 shows FT-IR

spectrum of the BTLE. A broad peak is obtained at

3394 cm-1 an assigned to N–H/O–H stretching vibration.

The frequency at 2917 cm-1 corresponds to C–H stretch-

ing frequency. Absorption of strong peak at 1610 cm-1

corresponds to C=C or C=N stretching or N–H bending

vibrations. Absorption band at 1440 cm-1 can be assigned

to C–H bending in –CH3 or O–H bending vibrations. Peaks

obtained at 1063 and 1104 cm-1 are observed due to C–N

and C–O stretching vibrations. A few weak peaks can also

be observed at 1371, 779 and 663 cm-1 corresponding to

C=C stretching vibrations of aromatic rings. On the basis of

results, it can be said that BTLE contains nitrogen and

oxygen (N–H, N=C=S, C=N, C–N, OH, C=O, C–O) in

various functional groups and aromatic rings, which make

this extract attractive for being used as inhibitor.

3.7 UV–visible Spectroscopy

Corrosion inhibition of mild steel in acidic solution by BT

leaves extract can be explained on the basis of molecular

adsorption. It contains many organic components as per

information provided in the literature [25]. It is quite com-

plex to separate every compound present in the extract. In

order to confirm the possibility of the formation of BTLE-Fe

complex, UV–visible absorption spectra obtained for crude

plant extract is shown in Fig. 7b, and spectrum of mild steel

Fig. 6 FT-IR spectrum of crude BTL extract

Fig. 7 UV-visible spectra of the solution containing 1M HCl before

(a) and after the mild steel immersion in inhibitor (b)

Fig. 8 a SEM images of mild steel surface after immersion of 1M

HCl with the absence of BTLE. b Presence of BTLE (in 700 ppm)
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immersed for 2 h, in solution containing 1M HCl with

700 ppm concentration of BTLE, is depicted Fig. 7a. The

electronic absorption spectra of BTLE crude extract display

a main visible band at 318, 284 and 210 nm. From Fig. 7a, it

was noted that the absorption spectra shifted to 341 and

266 nm. Change in position of the absorption maximum and

or change in the value of absorbance indicates the formation

of a complex between two species in solution [26]. On the

basis of this fact, it can be concluded that the phytochemical

components present in the BT leaves extract were adsorbed

on the mild steel surface.

3.8 Scanning Electron Microscope (SEM)

Figure 8a shows the SEM images of mild steel surface

after immersion in 1M HCl for 2 h. Figure 8b shows the

SEM images of mild steel surface after immersion in 1M

HCl with the presence of inhibitor for 2 h. After 2 h, the

specimens were taken out and dried. SEM images showed

that the surface of the inhibited sample of mild steel

specimens was better than the uninhibited sample. This

examination indicated that the corrosion rate was reduced

in the presence of inhibitors. This might be due to the

adsorption of inhibitor molecules on the metal surface as a

protective layer [27].

3.9 Atomic Force Microscope (AFM) Surface

Examination

Atomic force microscope is a powerful tool to investigate

the surface morphology studies which have been useful to

study the influence of inhibitors on the metal/solution

interface [28, 29]. The topography AFM images of mild

steel surface in 1MHCl in the absence of BTLE are shown in

Fig. 9 Atomic force

microscopy images of the

absence (a) and presence (b) of
BTLE inhibitor in 1M HCl

immersed for 2 h
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Fig. 9a. AFM images of mild steel surface in 1M HCl in the

presence of BTLE at 700 ppm are shown in Fig. 9b. As

shown in Fig. 9a, the surface of mild steel electrode exposed

to 1MHCl solution had a considerable porous structure with

large and deep pores. On the other hand, in the presence of

BTLE inhibitor, Fig. 9b shows that the mild steel surface

appears more flat, homogeneous and uniform, which indi-

cated that BTLE shows an appreciable resistance to corro-

sion. Therefore, it could be concluded that the molecules of

leaf extract were adsorbed on the mild steel surface and

protected the metal against corrosion.

4 Conclusions

In the present study, BTLE was studied as green inhibitors

on the corrosion of mild steel in 1M HCl. The mechanistic

aspects of corrosion inhibition are based on the results

obtained from the weight-loss method, the polarization

study, AC impedance measurements and surface exami-

nation techniques such as SEM, AFM, UV and FT-IR

spectroscopy. The inhibition efficiency of the studied

inhibitor (BTLE) increases with increasing inhibitor con-

centration. Polarization study reveals that the BTLE acts as

a mixed-type inhibitor controlling predominantly anodic

process in 1M HCl. Electrochemical impedance spectrum

confirms the formation of protective layer on the mild steel

surface. The adsorption of studied inhibitor obeys Lang-

muir adsorption at all temperatures (308–333 K). The

DGads values (-20 kJ/mol) shows that the adsorption is

physisorption. SEM and AFM images indicate the possi-

bility of formation of film on the surface of the mild steel.

FT-IR spectrum reveals that the inhibitor adsorbed on the

metal surface. The BTLE has good inhibition efficiency in

1M HCl. The maximum inhibition efficiency was found

(93.47% in 1M HCl) at 308 K.
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