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Abstract A series of 4-substituted N-(2-mercaptophenyl)

salicylideneimine Schiff bases were synthesized and investi-

gated for corrosion inhibition of mild steel in hydrochloric acid

medium. Inhibition through adsorption mechanism is proposed

for these inhibitors, which is well supported by electrochemical

impedance spectroscopy, the Langmuir adsorption isotherm

and Scanning Electron Microscope morphologies of inhibited

and uninhibited mild steel specimens. The negative DGads

indicates the spontaneous adsorption of the inhibitor on a mild

steel surface. Among all the examined inhibitors, 5-bromo-N-

(2-mercaptophenyl)salicylideneimine showed a higher inhibi-

tion efficiency. In order to reveal the usefulness of these Schiff

bases as corrosion inhibitors under various circumstances,

weight loss measurements were performed at various temper-

atures, acid concentrations and immersion times.

Keywords Schiff bases � Mercaptans � Corrosion

inhibition � Adsorption

Introduction

Ever since the report of using hydrochloric acid that con-

tains an organic inhibitor for cleaning scaled water pipes

[1], several organic compounds have been studied with

great interest for corrosion inhibition. The corrosion of

mild steel in acid solutions can be readily inhibited by the

use of chemical inhibitors. Organic compounds that contain

hetero atoms such as nitrogen, oxygen and sulfur are usu-

ally effective inhibitors [2].

An assessment of the literature reveals that most of the

commercial inhibitor formulations include carbonyls and

amines as essential ingredients [3–5]. It has been observed

that condensation products of carbonyls and amines, which

are known as anils or Schiff bases, give higher inhibition

efficiency than that of constituent carbonyls and amines [6–

10]. The inhibition nature of Schiff bases is attributed to the

presence of the C=N group, electronegative nitrogen, sulphur

and/or oxygen atoms. The action of such inhibitors depends

on the specific interaction between the functional groups and

the metal surface. The greatest advantage of many Schiff base

compounds is that they can be conveniently and easily syn-

thesized from relatively cost effective materials.

In view of the high performance of mercaptans [7–10] as an

efficient corrosion inhibitors, we synthesized Schiff base cor-

rosion inhibitors namely, 5-chloro-N-(2-mercaptophenyl)

salicylideneimine (A), 5-bromo-N-(2-mercaptophenyl)salicy-

lideneimine (B), 5-methoxy-N-(2-mercaptophenyl)salicylide-

neimine (C), 5-nitro-N-(2-mercaptophenyl) salicylideneimine

(D) and N-(2-mercaptophenyl)naphthylideneimine (E). The

inhibiting nature of Schiff bases A–E was investigated by

means of weight loss measurements, polarization studies,

electrochemical impedance spectroscopy, adsorption iso-

therms and surface analysis through a Scanning Electron

Microscope (SEM).

Experimental

Materials

Mild steel specimens having compositions 0.10% C, 0.34%

Mn, 0.08% P and the remainder being Fe, were cut up into
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pieces having the dimensions 3 cm 9 2 cm 9 0.03 cm

and used for corrosion inhibition studies. The Schiff base

inhibitors (Fig. 1) were prepared by condensation reaction

between salicylaldehyde or its derivatives or 2-hydroxy-1-

naphthaldehyde and o-aminothiophenol in ethanol [11, 12].

Anal. calc. for 5-chloro-N-(2-mercaptophenyl)salicy-

lideneimine (A): C13H10NSOCl: C, 59.20; H, 3.82; N, 5.31;

S, 12.16%. Found: C, 59.21; H, 3.83; N, 5.31; S, 12.17%.

IR (KBr): mC=N = 1,621, mC–O = 1,321, mC–S = 753 cm-1.

Anal. Cald for 5-bromo-N-(2-mercaptophenyl)salicylide-

neimine (B): C13H10NSOBr: C, 50.66; H, 3.27; N, 4.54; S,

10.40%. Found: C, 50.68; H, 3.27; N, 4.54; S, 10.41%.

IR (KBr): mC=N = 1,612, mC–O = 1,317, mC–S = 757 cm-1.

Anal. Cald for 5-methoxy-N-(2-mercaptophenyl)salicy-

lideneimine (C): C13H13NSO2: C, 64.84; H, 5.05; N, 5.40;

S, 12.36%. Found: C, 64.84; H, 5.07; N, 5.40; S, 12.36%.

IR (KBr): mC=N = 1,623, mC–O = 1,324, mC–S = 758 cm-1.

Anal. Cald for 5-nitro-N-(2-mercaptophenyl)salicylidenei-

mine (D): C13H10N2SO3: C, 56.92; H, 3.67; N, 10.21;

S, 11.69%. Found: C, 56.92; H, 3.68; N, 10.20; S, 11.69%.

IR (KBr): mC=N = 1,618, mC–O = 1,305, mC–S = 754 cm-1.

Anal. calc. for and N-(2-mercaptophenyl)naphthylimine

(E): C17H13NSO: C, 73.09; H, 4.69; N, 5.01; S, 11.48%.

Found: C, 73.09; H, 4.68; N, 5.02; S, 11.48%. IR (KBr):

mC=N = 1,610, mC–O = 1,304, mC–S = 757 cm-1.

Weight Loss Studies

The weight loss experiments were performed as described

in our previous reports [13–15]. Double distilled water was

used to prepare solutions of 1 M hydrochloric acid and

various concentrations of inhibitor. Weight loss measure-

ments were performed at temperatures of 300, 310, 320 and

330 K (±1 K) for 2 h in 1 M hydrochloric acid solution.

The inhibition efficiency (IE%) and surface coverage (O–)

were calculated using the following equations.

IE% ¼ ðW0 �WÞ
ðW0Þ

� 100 ð1Þ

h ¼ ðW0 �WÞ
ðW0Þ

ð2Þ

where W0 and W are the weight loss of the mild steel in the

absence and presence of inhibitors, respectively.

Electrochemical Studies

A CH electrochemical analyzer (model 604B) was used to

record Tafel polarization curves and Nyquist impedance

curves. A conventional three-electrode system was used for

this purpose. A mild steel specimen with an exposed area of

1 cm2 was used as a working electrode. Pt and saturated

calomel electrodes (SCE) were used as auxiliary and refer-

ence electrodes respectively. The working electrode was

polished with 1/0, 2/0, 3/0 and 4/0 grade emery papers and

degreased with double distilled water and acetone before use.

The anodic and cathodic polarization curves were recorded

by a constant sweep rate of 1 mVs-1. The linear Tafel seg-

ments of the anodic and cathodic curves were extrapolated to

the corrosion potential to obtain the corrosion current den-

sities. Inhibition efficiency (IE%) was calculated from cor-

rosion current density values by using Eq. 3.

IE% ¼ ðI
0
corr � IcorrÞ
ðI0corrÞ

� 100 ð3Þ

where I0corr and Icorr are corrosion current densities in the

absence and presence of inhibitor.

AC impedance measurements were carried out in the

atmosphere of air in the range from 1 to 10,000 Hz at an

amplitude of 0.01 V. The impedance diagrams are given by

Nyquist representation. The electrical equivalent circuit for

the system is shown in Fig. 2. In the given electrical equiv-

alent circuit, Rs is the solution resistance, Rct is the charge

transfer resistance, and Cdl is the double layer capacitance.

The inhibition efficiency (IE%) was calculated from charge

transfer resistance values with the help of Eq. 4.

IEð%Þ ¼ ðRct � R0ctÞ
ðRctÞ

� 100 ð4Þ

where Rct and R0ct are charge transfer resistances in the

absence and presence of inhibitor.

Surface Analysis

The specimens for surface morphological examination

were immersed in an acid containing optimum concentra-

tion (200 ppm) of inhibitors and blank for 2 h. Then, they
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Fig. 1 Structure of Schiff base inhibitors
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were removed from the solution, rinsed quickly with ace-

tone, and then dried. The analyses were performed using a

Hitachi 3000H Scanning Electron Microscope.

Results and Discussion

Weight loss Measurements

The weight loss experiments were performed with varying

concentrations of inhibitors, acid concentration, tempera-

ture and the reaction time or immersion time. The higher

the concentration of the inhibitor, the higher is the IE%.

Inhibition of the mild steel corrosion was observed at all

concentrations of Schiff bases used in the study (i.e. 50,

100, 200 ppm) (Table 1). The variation of IE% with

increase in inhibitor concentrations suggests that the

increase in the inhibitor concentration increases the number

of molecules adsorbed over the mild steel surface. The

adsorbed inhibitor molecules block the active sites on the

metal in which direct acid attack proceeds, and protect the

metal from corrosion. It is implicit that the inhibitors show

the highest inhibition efficiency (around 90%) at 200 ppm

in 1 M hydrochloric acid. Despite the fact that there is no

much difference in the IE% of the inhibitors, Schiff bases

B and E have shown an as much as 90% under the given

conditions.

Table 2 represents the inhibition efficiency of the inhibi-

tors A–E at different acid concentrations, temperatures and

immersion periods. It is evident from the values that increases

in the concentration of the acid decreases the inhibition effi-

ciency of the inhibitor. This is due to the increased aggres-

siveness of the acid solution. All the inhibitors showed at least

55% of IE against 4 M hydrochloric acid.

Increasing the temperature of the corrosion environment

increases the corrosion rate that leads to the decrease in

the inhibition efficiency of the inhibitors. The inhibitors

(A–E) showed at least 55% of IE at 330 K (Table 2). The

decrease in the IE% is attributed to the increased effect of

temperature on the dissolution process of steel and partial

desorption of the inhibitor from the metal surface [15]. In

the case of a prolonged incubation time of mild steel in

1 M hydrochloric acid solution showed a decrease in IE%.

This suggests that the mechanism of inhibition may be

adsorption and possibly due to physisorption. The physi-

sorption is attributed to weak van der Waal’s forces, which

disappear at elevated temperatures. These weight loss

measurement results are in accordance with the previous

reports [8, 16–18]. Under all corrosive circumstances,

inhibitor E showed comparatively higher IE% than other

inhibitors. Though there is not much difference between

the IE% of inhibitors, the observed trend among these

inhibitors follows this order: E [ B [ C [ D [ A.

Potentiodynamic Polarization Studies

The potentiodynamic polarization studies were carried out

for mild steel specimens, both in the presence and absence

of the Schiff base inhibitors (A–E) in 1 M hydrochloric

acid. The result of Tafel polarization for E is presented in

Fig. 3. Various electrochemical parameters such as corro-

sion potential (Ecorr), corrosion current density (Icorr), and

tafel constants (ba and bc) obtained from cathodic and

anodic curves are given in Table 3.

Fig. 2 The equivalent circuit model for electrochemical impedance

measurements

Table 1 Variation of inhibition efficiency with different inhibitor

concentrations (*d—standard deviation for IE%)

Inhibitor

concentration

(ppm)

Weight

loss (mg)

CR (mmpy) h IE% *d

Blank, 0 21.1 38.5 – – –

A

50 3.9 7.11 0.82 81.5 0.09

100 3.5 6.38 0.83 83.4 0.02

200 2.5 5.29 0.86 86.3 0.01

B

50 3.7 6.74 0.83 82.5 0.05

100 2.8 5.10 0.87 86.7 0.03

200 2.2 4.01 0.90 89.6 0.02

C

50 3.6 6.56 0.83 82.9 0.07

100 3.1 5.65 0.85 85.3 0.01

200 2.4 4.37 0.89 88.6 0.01

D

50 3.8 6.93 0.82 82.0 0.03

100 3.3 6.01 0.84 84.4 0.02

200 2.6 4.74 0.88 87.7 0.06

E

50 3.7 6.74 0.83 82.5 0.08

100 3.0 5.47 0.86 85.8 0.01

200 2.1 3.83 0.90 90.0 0.01
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The Icorr values obtained for solutions with inhibitors are

lower than the acid solution. The presence of inhibitors

resulted in a slight shift of the corrosion potential in the

active direction in comparison to the result obtained in the

absence of the inhibitor. Both the anodic and cathodic

current densities were lower indicating that imines sup-

pressed both the anodic and cathodic reactions, although

mainly the cathodic one. The values of cathodic Tafel

slopes (bc) were found to increase with increasing con-

centrations of the inhibitors, which suggests that the

inhibitors affect the hydrogen evolution reaction [19]. The

anodic slope values (ba) of inhibitors B–E were mostly

constant, which indicates that these inhibitors did not

change the mechanism of iron dissolution. But inhibitor

A showed an increase in the value of ba, which is attributed

to the effect of inhibitor on the anodic reaction [20].

According to Riggs et al., [21] if the displacement in cor-

rosion potential is more than ±85 mV with respect to the

corrosion potential of the blank, the inhibitor can be con-

sidered as a distinctive cathodic or anodic type. In the

present study, though a small deviation in the corrosion

potential is observed, the average displacement was not

more than 85 mV, which suggests that the studied Schiff

bases act like mixed-type inhibitors [22–24]. These

observations suggest that the Schiff base inhibitors A–E

inhibit both anodic and cathodic reactions but mainly

inhibit the cathodic reaction.

Electrochemical Impedance Spectra Studies

Electrochemical impedance spectra for the mild steel/1 M

hydrochloric acid interface in the absence and presence of

inhibitors were recorded in the frequency range 1–10 kHz.

The representative impedance data obtained for inhibitor

E is shown in Fig. 4. The Nyquist plots contain depressed

semi-circle with the centre under the real axis, whose size

increases with the inhibitor indicating a charge transfer

(Rct) process mainly controlling the corrosion of mild steel.

Such a behavior, characteristic for solid electrodes and

often referred to as a frequency dispersion, has been

attributed to roughness and other inhomogeneities of the

solid surface [25]. It is apparent from these plots that the

impedance response of mild steel in uninhibited acid

solution has significantly changed after the addition of the

inhibitors in the corrosion solutions. This indicated that the

impedance of the inhibited substrate has increased with

increasing concentration of inhibitors [26].

As seen from Table 4, the value of charge transfer

resistance (Rct) increases with an increasing inhibitor

concentration indicating the considerable surface coverage

by the inhibitor molecules via a strong bonding to the

surface [27, 28]. On increasing the concentration of the

inhibitors the value of Rct increases and Cdl decreases

(Table 4). A decrease in the capacitance, which can result

from a decrease in the local dielectric constant and/or an

increase in the thickness of the electrical double layer,

suggests that the inhibitor molecules act by adsorption at

the metal/solution interface [29].

Bode plots for inhibitor E are also presented in Fig. 5.

A new phase angle shift at a higher frequency range and a

continuous increase in the phase angle shift with increasing

concentration of inhibitors was observed. The continuous

increase in the phase angle shift is obviously correlated

with the progress of surface coverage by the inhibitor

molecules [30].

Table 2 Variation of inhibition efficiency with different acid con-

centrations, immersion time and temperature at inhibitor concentra-

tion of 200 ppm

Variables/IE% A B C D E

Concentration of acid (M)

1 86.3 89.6 88.6 87.7 90.1

2 69.7 71.6 68.3 72.5 78.9

3 63.5 64.5 64.0 67.8 67.6

4 57.8 57.4 58.8 56.4 59.0

Immersion time (h)

2 86.3 89.6 88.6 87.7 90.1

3 72.5 72.0 68.7 73.0 75.6

4 66.4 68.3 65.9 71.1 68.8

5 62.1 62.6 64.0 66.8 66.2

Temperature (K)

300 86.3 89.6 88.6 87.7 90.1

310 72.7 68.2 57.4 62.8 69.3

320 62.9 62.2 61.3 60.3 65.9

330 59.8 54.8 55.5 55.0 60.9

Fig. 3 Tafel polarization curves for mild steel in 1 M hydrochloric

acid in the presence and absence of inhibitor E

570 J Surfact Deterg (2012) 15:567–576

123



Adsorption Isotherms

The mechanism of corrosion inhibition by the inhibitors

A–E may be explained on the basis of the adsorption

behavior. Using the degree of surface coverage (h), which

is obtained from weight loss measurements, Tafel polari-

zation and electrochemical impedance spectra (EIS), the

data were fitted to various isotherms such as the Langmuir

adsorption isotherm, Temkin, Freundlich and Frumkin. It

can observed that the plot obeys only the Langmuir

adsorption isotherm. Therefore the mechanism of inhibi-

tion could be through surface coverage of adsorbed

inhibitor on mild steel surface and consequently there is no

interaction between the molecules adsorbed at the metal

surface [31]. The higher inhibitive property of the inhibitor

is attributed to the presence of p electrons, heteroatoms and

the larger molecular size, which ensures greater coverage

of the metallic surface.

Figure 6 shows Langmuir isotherm plots using weight

loss measurements. The expected linear relationship is well

approximated. The values of correlation coefficient and

slopes were determined from the Langmuir adsorption

isotherms. The values of correlation coefficient are 1.0 for

all the studied inhibitors (Table 5), where as the values of

slopes are more than 1.0. Since the values of slope are more

than unity, it could be concluded that each Schiff base unit

occupies more than one adsorption site on the steel surface.

The values of activation energy (Ea) were calculated

using the Arrhenius equation. The free energy of adsorp-

tion (DGads) at different temperatures was calculated using

the following equation [32].

DGads ¼ �RTInð55:5KadsÞ with Kads ¼ h=Cð1� hÞ
ð5Þ

where h is the degree of coverage on the metal surface, C is

the concentration in mol/L and Kads is equilibrium

Table 3 Tafel polarization parameter values for the corrosion of mild steel in the absence and presence of inhibitors A–E in 1 M hydrochloric

acid

Inhibitor/concentration (ppm) Ecorr (mV vs. SCE) Icorr (lA/cm-2) bc (mV/decade) ba (mV/decade) Surface coverage (h) IE%

0 (Blank) 492 1,827 42.4 48.9 – –

A

50 558 260 68.8 51.0 0.86 85.8

100 542 213 85.7 53.4 0.88 88.4

200 544 202 82.3 55.2 0.89 88.7

B

50 550 276 83.7 53.2 0.85 84.9

100 574 207 89.7 52.9 0.89 88.7

200 571 193 83.4 52.9 0.89 89.5

C

50 551 279 69.5 54.6 0.85 84.7

100 582 213 90.1 53.9 0.88 88.4

200 576 198 88.9 55.4 0.89 89.1

D

50 552 260 78.4 49.1 0.86 85.8

100 578 224 78.8 51.7 0.88 87.8

200 562 202 85.9 51.0 0.89 88.9

E

50 570 213 86.4 51.4 0.88 88.4

100 565 202 87.2 51.4 0.89 88.9

200 559 187 83.0 52.8 0.90 89.8

Fig. 4 Electrochemical impedance spectra of mild steel in 1 M

hydrochloric acid in the presence and absence of inhibitor E
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constant. The degree of surface coverage (h) for optimum

concentration of inhibitor in 1 M hydrochloric acid at 300–

330 K for 2 h immersion time has been evaluated from the

weight loss values. A plot of log [h/(1 - h)] versus 1/T

gave a straight line. The value of heat of adsorption (Qads)

was obtained from the slope of this plot. The values of

enthalpy of activation (DH) and entropy of activation (DS)

were calculated using the following equation:

DGads ¼ DHads � TDSads ð6Þ

where DHads and DSads are the enthalpy and entropy of

adsorption, respectively.

The values of the enthalpy of activation (DHads) and the

entropy of activation (DSads), Ea, DGads, and Qads are listed

in Table 5. It was found that the value of activation energy

for an inhibited system is lower than that for an uninhibited

system, which is attributed to the chemisorption of the

Schiff base on the mild steel surface [33]. The value of

DHads is higher in the presence of an inhibitor indicating

that the high-energy barrier for the reaction in presence of

an inhibitor is attained and hence exhibits comparatively

low inhibition efficiency at elevated temperature [34]. The

DSads values in the absence and presence of inhibitor are

negative. This indicates that the activated complex in the

rate determining step represents an association rather than a

dissociation step, meaning that a decrease in disordering

occurs on going from reactants to the activated complex

[35]. As it can be seen from the Table 5, the addition of

inhibitors causes negative values of DGads, it indicates that

adsorption of the studied Schiff bases is a spontaneous

Table 4 Impedance parameter values for the corrosion of mild steel

in 1 M hydrochloric acid in presence and absence of inhibitors

Inhibitor/concentration

of inhibitor (ppm)

Rct (X cm2) Cdl (lF cm-2) IE (%)

0 (Blank) 16.19 295.4 –

A

50 85.57 48.1 81.1

100 90.39 47.7 82.1

200 102.37 37.2 84.2

B

50 101.51 40.2 84.1

100 128.49 38.3 87.4

200 147.32 33.4 89.0

C

50 101.45 53.0 83.0

100 112.31 48.5 84.6

200 135.29 14.6 85.0

D

50 88.31 44.9 81.7

100 104.07 23.0 84.4

200 109.62 18.5 85.2

E

50 95.14 39.7 83.0

100 102.82 36.5 84.3

200 111.84 35.3 85.5

Fig. 5 Bode plots of mild steel in 1.0 M HCl at 300 K in the

presence and the absence of E

Fig. 6 Langmuir adsorption isotherm for weight loss measurements

for Schiff base inhibitors (A–E) on mild steel in 1 M HCl
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process [36, 37]. In general, the values of DGads up to

-20 kJ mol-1 are consistent with the electrostatic inter-

action between the charged molecules and the charged

metal (physisorption) while those between -80 and

-400 kJ mol-1 are associated with chemisorption as a

result of sharing or the transfer of electrons from the

inhibitor molecules to the metal surface to form a coordi-

nate type of bond. The calculated DGads values in the range

of 50–120 kJ mol-1 indicate, therefore, that the adsorption

mechanism of the Schiff bases on mild steel in 1 M

hydrochloric acid were both electrostatic-adsorption and

chemisorption [38].

The negative value of the heat of adsorption process

indicates that the adsorption process is exothermic in

nature. These observations of Ea and Qads confirm a

physical adsorption of the inhibitor on the mild steel sur-

face in hydrochloric acid. This is in accordance with other

workers [39, 40]. The unshared electron pairs in sulfur,

nitrogen as well as in oxygen may interact with d-orbitals

of iron in steel to provide a protective chemisorbed film

[41].

SEM Analysis

The scanning electron microscope images (Fig. 7) were

recorded to establish the interaction of organic molecules

with the metal surface. The SEM images show the features

Table 5 Thermodynamic parameters for the mild steel in 1 M hydrochloric acid in the presence of the inhibitors (A–E) at 300 K

Inhibitor Methods r2 Slope -DGads

(kJ mol-1)

Ea (kJ mol-1) -DHads

(kJ mol-1)

-DSads

(J K-1 mol-1)

-Qads

(kJ mol-1)

A Weight loss 1.000 1.133 79.3 10.1 82.2 24.1 39.5

EIS 1.000 1.170 – – – – –

Tafel 1.000 1.111 – – – – –

B Weight loss 1.000 1.083 128.7 11.4 90.8 26.8 53.8

EIS 1.000 1.102 – – – – –

Tafel 1.000 1.108 – – – – –

C Weight loss 1.000 1.100 99.0 11.0 94.0 25.5 50.3

EIS 1.000 1.168 – – – – –

Tafel 1.000 1.107 – – – – –

D Weight loss 1.000 1.111 88.7 10.8 85.8 25.3 48.3

EIS 1.000 1.158 – – – – –

Tafel 1.000 1.111 – – – – –

E Weight loss 1.000 1.074 121.9 11.1 88.0 25.9 48.3

EIS 1.000 1.157 – – – – –

Tafel 1.000 1.102 – – – – –

Fig. 7 SEM images of mild steel without (a) and with (b) inhibitor E in 1 M HCl at 300 K (magnification, 91,500)
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of mild steel surface after being immersed for 2 h in 1 M

hydrochloric acid and hydrochloric acid containing the

inhibitor E. The SEM images reveal that the specimens

immersed in the inhibitor solutions have a smooth surface

while the metal surface immersed in 1 M hydrochloric acid

is rough and covered with corrosion products and appears

to be full of pits and cavities. This indicated that the

inhibitor molecules hinder the dissolution of iron by the

adsorption of Schiff base molecules on the steel surface

and thereby reduce the rate of corrosion. Based on the SEM

images and polarization profiles, it is indicated that the

number of anodic sites is reduced with simultaneous

reduction in the rate of cathodic reaction.

Mechanism of Inhibition

The studied Schiff base inhibitors have free electron pairs

on N, O and S capable of forming a coordination bond with

Fe [40, 41] and the mode of interaction between inhibitor

molecules and the mild steel surface is shown in Fig. 8.

The chemical interactions of inhibitor with the mild steel

are indicated with solid lines, whereas, dotted lines are

designated as physical interactions. The higher inhibitory

efficiency of the Schiff bases can be attributed to the fact

that they possess an azomethine group (C=N) in the

molecular structure as reactive center. The results obtained

are in agreement with the previous reports [42, 43]. And

also p electrons from the aromatic rings may interact with

the metal surface, and finally, especially in acidic media,

electrostatic interaction is possible between the negatively

charged iron surface and the positively charged inhibitor,

following protonation of its basic functionalities. Further-

more, the size, orientation, shape and electric charge on the

molecule determine the degree of adsorption and hence the

effectiveness of the inhibitor.

It is observed from Tafel plots that the addition of all the

(A–E) inhibitors increases the inhibition efficiency by

acting as a mixed-type inhibitor. A potential explanation

for the decrease of IE% during 2–5 h of exposure is the

likely depletion of actively available inhibitor from the

solution, as dissolving iron generates ions that readily

coordinate with the inhibitor molecules [44].

The effect of the substituents can be explained on the

basis of structure of the inhibitor molecules and inductive

effect. In general, inhibitors having more electronegative

atoms as well as bulky substituents show a higher IE%. In

support of this fact, inhibitor E shows a surface coverage of

0.90. As shown in Fig. 8, it is assumed that there is no

direct interaction between the substituents and the metal

surface. Therefore, inductive effects (I) of substituents are

considered. It is evident from the IE% of inhibitors that a

decrease in the -I effect increases the inhibition efficiency.

Though all the substituents differ in terms of electronega-

tivity, the reason behind the close values of the IE% is

unclear. One of the considerations for explaining this fact

is the size of the substituents. However, it has been

reported that any attempt to correlate the structure of

substituents and IE% for this class of inhibitors is unsuc-

cessful due to the high complexity of the inhibition

mechanisms [8, 42, 43].

It is obvious from the structure of the Schiff bases that it

includes two closely spaced –OH and –SH groups that can

be used in forming an intramolecular hydrogen bond with

hydrogen linked to a C=N group, in which case only the

C=N group would be available to link the molecule to the

surface, therefore it cannot cover the electrode surface

effectively at lower concentrations and needs an optimum

concentration for effective inhibition of mild steel corro-

sion [45–47].

Conclusions

Five Schiff base derivatives were studied against the acid

corrosion of mild steel by means of weight loss measure-

ments, Tafel polarization and electrochemical impedance

spectroscopic techniques. The inhibitors showed a signifi-

cant inhibition efficiency against high concentrated acid

solutions and at high temperatures. Prolonged incubation of

mild steel in acid solutions containing inhibitors led to a

decrease in the inhibition efficiencies. All the inhibitors

showed a maximum efficiency of about 90%. Adsorption of

the Schiff bases on the steel surface obeys the Langmuir’s

isotherm. The Schiff bases act through both electrostatic-

attraction and chemisorption, whereas electrostatic-attrac-

tion occurs at low temperatures and chemisorption takes

place at higher temperatures.

The electrochemical studies revealed that the studied

Schiff bases are mixed-type inhibitors predominantly

inhibiting the cathodic reaction. The SEM morphology of

the inhibited and uninhibited mild steel specimens gave

additional evidence for the adsorption mechanism of the

inhibitors. The negative values of DGads provide evidence
Fig. 8 Chemical (solid lines), and physical (dotted lines) interactions

of inhibitors a A–D, and b E with mild steel surface
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for the spontaneous adsorption of the Schiff bases onto the

surface of mild steel during the inhibition process. The

results obtained from different methods shows the studied

Schiff bases inhibit the mild steel corrosion in the fol-

lowing order: E [ B [ C [ D [ A.
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