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CHAPTER 3 

CORROSION INHIBITION INVESTIGATIONS ON SCHIFF BASE 

INHIBITORS I3YT2YMAPA, T2YMABA, PHMT2YBA, CTHMT2YBA AND 

CTHMF2YBA ON MILD STEEL IN ACIDIC MEDIA 

Five different heterocyclic Schiff base inhibitors, 3-(1H-indol-3-yl)-2-[(E)-

(thiophen-2-ylmethylidene)amino]propanoic acid (I3YT2YMAPA), (E)-3-[thiophen-2-

ylmethylene amino]benzoic acid (T2YMABA), (E)-4-(5-[(2-phenylhydrazono)methyl] 

thiophen-2-yl)benzoic acid (PHMT2YBA), (E)-4-(5-[(2-carbamothioylhydrazono) 

methyl]thiophen-2-yl)benzoic acid (CTHMT2YBA) and (E)-4-(5-[(2-carbamothioyl 

hydrazono)methyl]furan-2-yl)benzoic acid (CTHMF2YBA) were synthesized and 

characterised as described in part I. The corrosion inhibition efficiencies of these 

compounds on mild steel (MS) in hydrochloric acid and sulphuric acid medium were 

investigated using the conventional gravimetric studies and electrochemical studies like 

potentiodynamic polarization and electrochemical impedance spectroscopic studies. 

Adsorption studies were conducted to analyse the mechanism by which these Schiff bases 

exhibit corrosion inhibition. To determine thermodynamic parameters of corrosion, 

corrosion rates of mild steel in aggressive medium at different temperatures were also 

estimated. Surface morphological analysis was also conducted using scanning electron 

microscopy.   

 This chapter is divided into two sections; Section I describes the corrosion 

inhibition behaviour of the Schiff base inhibitors in 1.0M hydrochloric acid medium and 

Section II deals with their corrosion inhibition behaviour in 0.5M sulphuric acid medium. 

In each section the weight loss measurements, electrochemical impedance spectroscopic 

analyses and potentiodynamic polarization studies are described.  
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SECTION I 

CORROSION INHIBITION STUDIES OF SCHIFF BASE INHIBITORS 

I3YT2YMAPA, T2YMABA, PHMT2YBA, CTHMT2YBA AND CTHMF2YBA 

ON MILD STEEL IN 1.0M HCl  

The corrosion inhibition studies of the Schiff base inhibitors I3YT2YMAPA, 

T2YMABA, PHMT2YBA, CTHMT2YBA and CTHMF2YBA were conducted in 

1.0M HCl by preparing inhibitor solutions in the range 0.2mM-1.0mM. The MS 

specimens used for the study were prepared in accordance with ASTM standards. 

Weight loss studies and electrochemical studies were performed to evaluate the 

inhibition capacities of these inhibitors.  

Weight loss studies 

The well polished MS specimens were immersed in hydrochloric acid medium in 

the presence and absence of the Schiff base inhibitors. The weight loss occurred for the 

specimens after 24 h were noted and corrosion rates were calculated. Each Schiff base 

inhibitor gave different corrosion inhibition values characteristic of each one. 

Table 3.1 exhibits the corrosion rates of mild steel in 1.0M HCl in the presence of 

various concentrations of Schiff bases. The corrosion rates of steel specimens appreciably 

decreased in all cases with the inhibitor concentration. The metal specimen immersed in 

the acid solution in the absence of Schiff base showed a corrosion rate of 5.94 mm/y. On 

close comparison of the corrosion rates it is understandable that the mild steel specimen 

in HCl solution in the presence of Schiff base I3YT2YMAPA displayed appreciable 

lower corrosion rate. The decrease in the corrosion rate with the inhibitor concentration 

suggests that the metal dissolution process is considerably hindered by the azomethine 
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molecules. Figure 3.6 compares the corrosion rates of mild steel specimens in the 

presence of varying concentrations of imines.  

Table 3.1 Corrosion rates of MS in mmy-1 in the presence and absence of Schiff base 

inhibitors I3YT2YMAPA, T2YMABA, PHMT2YBA, CTHMT2YBA and 

CTHMF2YBA in 1.0M HCl 

 

Corrosion inhibition efficiencies of Schiff bases on mild steel in HCl medium 

were investigated and reported in Table3.2. Figure 3.7 compares the inhibition 

efficiencies of Schiff bases at various concentrations on MS. It is unambiguous from the 

data that all azomethines showed fair corrosion inhibition efficiencies against the metallic 

corrosion especially the MS corrosion. The inhibition efficiencies were increased with the 

inhibitor concentrations. At a maximum concentration of 1.0mM, Schiff bases displayed 

70-83% inhibition efficiencies. It was difficult to increase the concentration of imines in 

acid medium due to their poor solubility and therefore the corrosion investigations were 

limited in the concentration range 0.2 - 1.0mM. On examination of the data it is evident 

that the Schiff base I3YT2YMAPA showed pronounced corrosion inhibition efficiency 

than all other Schiff bases at all concentrations. The enhanced efficiency of this molecule 

C (mM) 
Inhibitors 

I3YT2YMAPA T2YMABA PHMT2YBA CTHMT2YBA CTHMF2YBA 

      0 
5.94 5.94 5.94 5.94 5.94 

0.2 3.96 4.43 4.03 4.64 4.53 

0.4 2.98 3.19 3.48 3.98 4.19 

0.6 2.15 2.79 1.93 2.66 2.99 

0.8 1.72 1.95 1.85 2.36 1.88 

1.0 0.96 1.60 1.17 1.56 1.66 
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can be correlated with its molecular structure. Presence of two aromatic ring system; one 

from the aldehyde part and other from amino part together with azomethine linkage and 

nitrogen atom of the indole moiety make the molecule so electron rich which help to bind 

on the surface metal atoms of mild steel. In addition to this, the molecules possess almost 

planar structure which was confirmed by the optimized geometry determination and this 

scenario is beneficial to the strong binding of the molecule on the metal surface.  

      

Fig. 3.6 Variation of corrosion rates of MS with the concentration of Schiff base 

inhibitors I3YT2YMAPA, T2YMABA, PHMT2YBA, CTHMT2YBA and 

CTHMF2YBA in 1.0M HCl 

The Schiff base PHMT2YBA also showed appreciable inhibition efficiency 

against mild steel corrosion. A maximum of 80% inhibition efficiency was achieved by 

this molecule at a concentration of 1.0mM. This molecule possess three aromatic ring 

systems; two from the aldehyde side and one from amino part. The electron density of the 

aromatic ring systems, azomethine linkage and highly polarisable sulphur atom are the 

root causes in which the molecule showed better inhibition efficiency. Even though the 
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molecule is not planar completely as per the optimized geometry, the two benzene rings 

and the sulphur atom remain in the same plane, which is a fair condition to adsorb the 

molecule on the metal surface. 

 Table 3.2 Inhibition efficiencies of Schiff base inhibitors I3YT2YMAPA, T2YMABA, 

PHMT2YBA, CTHMT2YBA and CTHMF2YBA on MS in 1.0M HCl 

 

The low corrosion inhibition of the molecule T2YMABA, compared to the 

previously described molecules, may be attributed to deviation from co-planarity in its 

molecular geometry. Even though the molecule is equipped with active corrosion 

inhibition probes, the puckered shape of the molecule prevents the appreciable interaction 

with the metal atoms. The molecules CTHMT2YBA and CTHMF2YBA showed 

comparatively low corrosion inhibition efficiency. A maximum of approx. 70% 

efficiency was noticed by these molecules at 1.0mM concentration. On comparing the 

structures of two molecules, one can understand that the only difference between the two 

molecules is presence of sulphur in former which is replaced by oxygen atom in the 

second one. Even though the first molecule is equipped with more electron rich sulphur 

atom, the molecule is somewhat more puckered than the other one. The second one 

contains more electron negative oxygen as the hetero atom, but achieved more planar 

C 

(mM) 

Inhibitors 

I3YT2YMAPA T2YMABA PHMT2YBA CTHMT2YBA CTHMF2YBA 

0.2 
33.26       25.32        32.06 20.54 23.64 

0.4 49.82          46.08 41.33 32.71 29.46 

0.6 63.75 52.90 67.46 55.17 49.69 

0.8 71.08 67.17 68.81 60.19 69.28 

1.0 83.86 72.99 80.32 73.75 71.99 



 

structures. These two molecules displayed almost same corrosion inhibition efficiencies 

on mild steel surface. Figure

inhibitors. 

Fig. 3.7 Comparison of corrosion inhibition efficiencies (

I3YT2YMAPA, T2YMABA

in 1.0M HCl 
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structures. These two molecules displayed almost same corrosion inhibition efficiencies 

on mild steel surface. Figure 3.8 shows the optimized geometries of the Schiff base

Comparison of corrosion inhibition efficiencies (ηw%)  of Schiff bas

T2YMABA, PHMT2YBA, CTHMT2YBA and CTHMF2YBA

0.4 0.6 0.8 1
C (mM)

structures. These two molecules displayed almost same corrosion inhibition efficiencies 

ries of the Schiff base 

 

base inhibitors 

CTHMF2YBA on MS 

I3YT2YMAPA
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(E)-4-(5-[(2-carbamothioylhydrazono)methyl]furan-2-yl)benzoic  acid  (CTHMF2YBA) 

Fig. 3.8 Optimized geometries of Schiff base molecules 

3-(1H-indol-3-yl)-2-[(E)-(thiophen-2-

ylmethylidene)amino]propanoic acid 

(I3YT2YMAPA) 

(E)-3-[thiophen-2-ylmethyleneamino] 
benzoic acid (T2YMABA) 
 

(E)-4-(5-[(2-carbamothioylhydrazono)methyl]  
thiophen-2-yl)benzoic acid (CTHMT2YBA)               
 

(E)-4-(5-[(2-phenylhydrazono)methy] 

thiophen-2-yl) benzoic acid  (PHMT2YBA)               
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Comparison of corrosion inhibition efficiencies of Schiff base inhibitors with their 

parent amines 

The corrosion inhibition behaviour of Schiff base inhibitors were compared with 

their parent amines at three different concentrations. The results are given in Table 3.3. 

The parent amines such as 2-amino-3-(3-indolyl)propionic acid (AIPA), 3-aminobenzoic 

acid (3ABA), thiocarbamoyl hydrazide (TCH) and phenyl hydrazine (PH) exhibited 

much lower corrosion inhibition on MS when compared to that of the Schiff bases. The 

superior inhibitory power of the Schiff base inhibitors was clearly established, which can 

be attributed to the presence of azomethine linkage. The results are pictured in Figure 3.9. 

Table 3.3 Corrosion inhibition efficiencies (ηw%) of Schiff base inhibitors 

I3YT2YMAPA, T2YMABA, PHMT2YBA, CTHMT2YBA, CTHMF2YBA 

and their parent amines  in 1.0M HCl 

Compounds 

Concentration (mM) 

0.2 0.6 1.0 

AIPA 10.27 31.18 48.42 

3ABA 4.29 29.13 38.42 

PH 11.91 31.85 44.33 

TCH 2.49 29.54 49.86 

I3YT2YMAPA 33.26 63.75 83.86 

T2YMABA 25.32 52.90 72.99 

PHMT2YBA 32.06 67.46 80.32 

CTHMT2YBA 20.54 55.17 73.75 

CTHMF2YBA 23.64 49.69 71.99 



 

 

Fig. 3.9 Comparison of corrosion 

inhibitors I3YT2YMAPA, T2YMABA

and their parent amines  in 1.0M HCl

Adsorption isotherms 

The corrosion inhibition

on the surface of metal specimens

behaviour of organic molecules

models of adsorption isotherms considered are Langmiur, Temkin, Frumkin and 

Freundlich isotherms. For verifying the

isotherms were plotted and the most 

coefficient (R2) was selected. 

free energy of adsorption ∆G
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Comparison of corrosion inhibition efficiencies (ηw%) of Schiff

T2YMABA, PHMT2YBA, CTHMT2YBA, CTHMF2YBA

in 1.0M HCl 

The corrosion inhibition property of inhibitor molecules is due to the adsorption 

surface of metal specimens. The mechanism of adsorption and the surface 

r of organic molecules can be studied by adsorption isotherms.  Different 

models of adsorption isotherms considered are Langmiur, Temkin, Frumkin and 

verifying the mechanism of inhibition, various adsorption 

isotherms were plotted and the most appropriate one with the highest correlation 

was selected. Parameters like adsorption equilibrium constant K

∆Gads were calculated from the adsorption isotherms. From the 

adsorption studies it was found that Schiff bases I3YT2YMAPA, PHMT2YBA

CTHMF2YBA followed Freundlich adsorption isotherm during the 

MS surface. Langmuir isotherm was obeyed by

0.6 1

C (mM)
 

%) of Schiff  base 

CTHMF2YBA 

due to the adsorption 

The mechanism of adsorption and the surface 

can be studied by adsorption isotherms.  Different 

models of adsorption isotherms considered are Langmiur, Temkin, Frumkin and 

mechanism of inhibition, various adsorption 

with the highest correlation 

adsorption equilibrium constant Kads and 

adsorption isotherms. From the 

PHMT2YBA, 

adsorption isotherm during the 

isotherm was obeyed by T2YMABA 
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molecules. The adsorption isotherms are represented in the Figures 3.10 to 3.14 and the 

parameters obtained by the analysis of isotherms are listed in Table 3.4. 
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Fig. 3.10 Freundlich adsorption isotherm 

for I3YT2YMAPA on MS in 1.0M HCl  

Fig. 3.11 Langmuir adsorption isotherm 

for T2YMABA on MS in 1.0M HCl  

Fig. 3.13 Freundlich adsorption isotherm 

for CTHMT2YBA on MS in 1.0M HCl  

 

Fig. 3.12 Freundlich adsorption isotherm for 

PHMT2YBA on MS in 1.0M HCl  
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Table 3.4 Thermodynamic parameters for the adsorption of I3YT2YMAPA, T2YMABA, 

PHMT2YBA, CTHMT2YBA and CTHMF2YBA on MS in 1.0M HCl 

 

Negative values ∆G0
ads for all Schiff base inhibitors  indicate the spontaneity of 

the adsorption process on the metal surface. ∆G0
ads values up to -20kJ mol-1 indicate 

electrostatic interaction between the charged molecule and the charged surface of the 

metal through physisorption while ∆G0
ads more negative than -40kJ indicates strong 

adsorption of the inhibitor molecules on the metal surface through co-ordinate type bond, 

which is called chemisorption67. In the case of inhibitors considered here ∆G0
ads ranges 

R² = 0.948
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Parameter 

Inhibitor 

I3YT2YMAPA T2YMABA PHMT2YBA CTHMT2YBA CTHMF2YBA 

Kads 4237.29 1600 4807.69 12048.19 12820.51 

∆Gads 
(kJmol-1) 

-31.18 -28.724 -31.49 -33.81 -33.96 

Fig. 3.14 Freundlich adsorption isotherm for 

CTHMF2YBA on MS in 1.0M HCl  
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between -28 kJmol-1 and -34 kJmol-1 for MS specimens suggesting that the adsorption of 

all these molecules involves both electrostatic adsorption and chemisorption. For the 

Schiff base inhibitors CTHMT2YBA and CTHMF2YBA, the free energy of adsorptions 

were comparatively higher than that of the other imines suggesting that these inhibitors 

are more strongly adsorbed forming a monolayer on the surface of the MS specimens 

through chemical interaction.  

Effect of temperature 

     To evaluate the effect of temperature on corrosion rate of the MS specimens, 

weight loss studies of the Schiff base inhibitors were conducted in the temperature range 

30-600C. The activation energy of corrosion with and without the inhibitor was calculated 

by Arrhenius equation  

B � C exp 8− E,
FG)                                                                                 (8) 

where K is the rate of corrosion, Ea the activation energy, A the frequency factor, T the 

temperature in Kelvin scale and R is the gas constant. The linear plots between log K and 

1000/T having regression coefficients close to unity indicate that the corrosion of MS in 

HCl can be explained by the simple kinetic model for all the Schiff bases. Plots of  log K 

Vs 1000/T and log (K/T) Vs 1000/T in the presence and absence of the inhibitor are 

represented in Figures 3.15-3.24. Enthalpy and entropy of activation (∆H*, ∆S*) were 

calculated from the transition state theory using the equation  

B = {FG
HI~ exp 8∆K∗

F ;exp 8%∆!∗

X� ;                                                                     (9) 
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 where N is the Avogadro number and h is the Plancks constant.  Table 3.5 shows the 

activation energy and thermodynamic parameters of corrosion. The increase of activation 

energy of dissolution of the metal with increase in the inhibitor concentration implies the 

increase in the reluctance of dissolution of metal. Positive signs of enthalpies with a 

regular rise reflect the endothermic nature of dissolution and the increasing difficulty of 

corrosion with the inhibitor. The entropy of activation also increases with the inhibitor 

concentration. For the lower concentrations of the inhibitor, the entropy of activation is 

negative indicating that the activated molecules are in highly ordered state than that at the 

initial state. But as the concentration of inhibitor rises, the disordering of activated 

complex becomes more significant and the entropy of activation becomes positive.   

 

 

   

Fig. 3.15 Arrhenius plots for the corrosion of 

MS in the absence and presence of 

I3YT2YMAPA in1.0M HCl                                                                                                        

Fig. 3.16 Plots of log(K/T) vs 1000/T for 

the corrosion of MS in the absence and 

presence of I3YT2YMAPA in1.0M HCl 

Fig. 3.17Arrhenius plots for the corrosion of 

MS in the absence and presence of 

T2YMABA in1.0M HCl 

Fig. 3.18 Plots of log(K/T) vs 1000/T for 

the corrosion of MS in the absence and 

presence of T2YMABA in1.0M HCl 
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Fig. 3.19 Arrhenius plots for the corrosion of 

MS in the absence and presence of 

PHMT2YBA in1.0M HCl 

Fig. 3.20 Plots of log(K/T) vs 1000/T for the 

corrosion of MS in the absence and presence 

of PHMT2YBA 

Fig. 3.21 Arrhenius plots for the corrosion of 

MS in the absence and presence of 

CTHMT2YBA in1.0M HCl 

Fig. 3.22 Plots of log(K/T) vs 1000/T for 

the corrosion of MS in the absence and 

presence of CTHMT2YBA in1.0M HCl 
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Fig. 3.23 Arrhenius plots for the corrosion of 

MS in the absence and presence of 

CTHMF2YBA in1.0M HCl 

Fig. 3.24 Plots of log(K/T) vs 1000/T for 

the corrosion of MS in the absence and 

presence of CTHMF2YBA in1.0M HCl 
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Fig. 3.20 Plots of log(K/T) vs 1000/T for 

the corrosion of MS in the absence and 

presence of PHMT2YBA in1.0M HCl 
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 Table 3.5 Thermodynamic parameters of corrosion of MS in the presence and absence of 

Schiff base inhibitors I3YT2YMAPA, T2YMABA, PHMT2YBA, CTHMT2YBA, and 

CTHMF2YBA in 1.0M HCl 

Inhibitor 
C 

(mM) 
Ea 

(kJ mol-1) 
A 

∆H* 
(kJ mol-1) 

∆S* 
(J mol-1 K-1) 

 Blank 37.2 1.3x107 37.2 -61.33 

 0.2 39.83 3.1X107 39.82 -53.92 

 0.4 38.96 1.8X107 38.96 -58.51 

I3YT2YMAPA 0.6 50.47 1.13X109 50.5 -24.24 

     0.8 55.13 5.68X109 55.12 -10.82 

     1.0 66.37 2.88X1011 66.36 21.85 

 0.2 36.56 9.2X107 36.6 -64.22 

 0.4 46.64 3.4X108 46.6 -34.16 

T2YMABA 0.6 48.83 7.1X108 48.8 -28.09 

      0.8 57.57 1.5X1010 57.6 -2.47 

     1.0 64.39 1.72x1011 64.4 17.64 

 0.2 46.07 3.231X108 47.1 -34.65 

 0.4 47.11 3.98X108 52.86 -32.91 

PHMT2YBA 0.6 52.87 2.81X109 54.76 -16.67 

     0.8 54.76 4.92X109 65.57 -12.003 

     1.0 65.59 2.4X1011 68.54 20.32 

 0.2 50.04 1.34X109 50.03 -22.80 

 0.4 50.91 1.61X109 50.89 -21.27 

CTHMT2YBA 0.6 57.49 1.66X1010 57.47 -1.89 

     0.8 57.22 1.15X1010 57.21 -4.96 

     1.0 58.34 1.41X1010 58.32 -3.23 

 0.2 40.1 3.36X107 40.09 -53.46 

 0.4 53.41 3.93X109 53.4 -13.88 

CTHMF2YBA 0.6 60.75 5.25X1010 60.75 7.68 

     0.8 65.65 2.63X1011 65.64 21.08 

     1.0 79.07 3.31X1013 79.06 61.29 
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Surface morphological studies 

SEM images of mild steel specimens were taken to ascertain the mechanism of 

action of Schiff base inhibitors on the metal surface. Figures 3.25 to 3.27 respectively 

show the SEM images of bare MS surface, MS specimen in 1.0M HCl and MS specimen 

in 1.0M HCl containing I3YT2YMAPA with 1.0mM concentration. The irregularities on 

the bare metal surface are due to the effect of surface polishing. In the acidic solution the 

metal specimens undergo severe corrosion which is evident from Figure 3.26. Comparing 

the textures of images 3.26 and 3.27, it can be well understood that the metal surface is 

less damaged in the presence of inhibitor I3YT2YMAPA, which is due to the formation 

of a protective film through adsorption on metal surface and thereby suppressing the rate 

of corrosion.    

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.25 SEM image of bare MS surface Fig. 3.26 SEM image of MS surface in 

1.0M HCl (blank) 

Fig. 3.27 SEM image of MS surface in 1.0M HCl and I3YT2YMAPA(1.0mM) 
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Electrochemical studies on corrosion  

 Electrochemical corrosion techniques involve EIS measurements and 

potentiodynamic polarization studies. These analytical methods give fast and 

reproducible results. The experiments were performed on three electrode assembly, in 

which a platinum electrode acted as the inert electrode and SCE as the reference 

electrode. The working electrode was 1cm2 exposed area of the metal specimen.  Tafel 

polarization measurements give data from which the prediction of the site of adsorption, 

whether cathodic, anodic or both. The metal specimens were immersed in the acid 

solution for 30 minutes prior to the analysis with and without inhibitor and the results can 

provide a mechanistic way to explain the inhibitive action of the various organic 

compounds in acidic media. 

Electrochemical impedance spectroscopic studies 

The impedance parameters like charge transfer resistance (Rct), solution resistance 

(Rs), double layer capacitance (Cdl) and percentage inhibition efficiency (ηEIS%) 

calculated from the Rct values are given in the Table 3.6. Nyquist plots and the combined 

Bode-impedance plots of the five Schiff base inhibitors I3YT2YMAPA, T2YMABA, 

PHMT2YBA, CTHMT2YBA and CTHMF2YBA are given in Figures 3.28-3.32. The 

value of Rct is a measure of electron transfer across the exposed area of the metal surface 

and it is inversely proportional to rate of corrosion. The charge transfer resistance was 

found to increase with the inhibitor concentration in the case of all the inhibitors. The rate 

of charge transfer between the metal and the solution determined the rate of metal 

dissolution process. The adsorbed molecules hinder the charge transfer on the metal 

surface. The decrease in capacitance values Cdl with inhibitor concentration is due to the 
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decrease in local dielectric constant and/or increase in the thickness of the electrical 

double layer68-70.  

.  

 

 

                              

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig3.28a Nyquist plots of MS in the 

presence and absence of I3YT2YMAPA 

in 1.0M HCl 

Fig. 3.28b Bode  plots of MS in the 

presence and absence of I3YT2YMAPA 

in 1.0M HCl 

Fig. 3.30a Nyquist plots of MS in the 

presence and absence of PHMT2YBA  in 

1.0M HCl 

Fig. 3.30b Bode  plots of MS in the 

presence and absence of PHMT2YBA in 

1.0M HCl 

Fig. 3.29a Nyquist plots of MS in the 

presence and absence of T2C3ABA  in 

1.0M HCl 

Fig. 3.29b Bode  plots of MS in the 

presence and absence of T2C3ABA in 

1.0M HCl 
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Fig. 3.31a Nyquist plots of MS in the 

presence and absence of CTHMT2YBA  

in 1.0M HCl 

Fig. 3.31b Bode plots of MS in the 

presence and absence of CTHMT2YBA 

in 1.0M HCl 

Fig. 3.32a Nyquist plots of MS in the 

presence and absence of CTHMF2YBA 

in 1.0M HCl 

 

Fig. 3.32b Bode plots of MS in the 

presence and absence of CTHMF2YBA 

in 1.0M HCl 
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Table 3.6 Electrochemical impedance parameters of MS in the presence and absence of 

Schiff base inhibitors I3YT2YMAPA, T2YMABA, PHMT2YBA, CTHMT2YBA 

and CTHMF2YBA in 1.0M HCl 

 

Inhibitors 
C 

(mM) 
Cdl 

(µF cm-2) 
Rct 

(Ω  cm-2) 
ηEIS% 

 0 95.8 16.4 - 

 
 
 

I3YT2YMAPA 

0.2 68.3 109 84.95 

0.4 77.0 142 88.45 

0.6 64.6 211 92.23 

0.8 75.5 286 94.27 

1.0 82.3 427 96.16 

 
 
 
 

T2YMABA 

0.2 73.4 70.3 76.67 

0.4 120 86.7 81.08 

0.6 111 117 85.99 

0.8 77.5 238 93.11 

1.0 91.7 290 94.34 

 
 
 
 

PHMT2YBA 

0.2 79 68.9 76.19 

0.4 113 79.6 79.39 

0.6 63.7 174 90.57 

0.8 75.6 176 90.68 

1.0 69.6 317 94.83 

 
 
 
 

CTHMT2YBA 

0.2 46.8 36.7 55.31 

0.4 37.0 117 85.98 

0.6 40.7 229 92.84 

0.8 41.8 269 93.90 

1.0 44.8 309 94.69 

 
 
 
 

CTHMF2YBA 

0.2 38.1 29 43.45 

0.4 55.5 38.8 57.73 

0.6 11.5 68.6 76.09 

0.8 38.9 131 87.48 

1.0 5.1 208 92.12 



 

It is quite evident 

I3YT2YMAPA exhibited marked inhibition efficiency compared to others. A maximum 

of 96.16% was obtained with 1.0mM concentration of the inhibitor. Even

concentration, this molecule

aromatic rings in the thiophene

involves an indole moiety made this ligand an excellent inhibitor. 

azomethine linkage also helps

exhibit very high inhibition 

obtained from weight loss measurements

Other inhibitors T2YMABA

also were able to produce good inhibition effici

of I3YT2YMAPA. The first three ligands were having almost comparable inhibition 

efficiency at their highest concentration, ie; around 94%. The presence 

polarizing sulphur atom in the thiophene ring system 

responsible for their higher activities

Schiff base inhibitors are compared in Figure3.

Fig. 3.33 Comparison of co
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quite evident from the impedance data that the Schiff base 

exhibited marked inhibition efficiency compared to others. A maximum 

of 96.16% was obtained with 1.0mM concentration of the inhibitor. Even 

, this molecule exhibited 84.95% inhibition efficiency. The presence 

n the thiophene-2-carbaldehyde part and in the tryptophan part which 

made this ligand an excellent inhibitor. Besides aromatic rings, 

also helps the molecule to bind strongly on the metal surface 

exhibit very high inhibition efficiency. The results were in good agreement with that 

obtained from weight loss measurements for I3YT2YMAPA. 

T2YMABA, PHMT2YBA, CTHMT2YBA and CTHMF2YBA

also were able to produce good inhibition efficiencies even though slightly less than that 

The first three ligands were having almost comparable inhibition 

efficiency at their highest concentration, ie; around 94%. The presence 

sulphur atom in the thiophene ring system and the azomethine linkage

higher activities. The corrosion inhibition efficiencies 

are compared in Figure3.33. 

of corrosion inhibition efficiencies (ηEIS%) of Schiff bases

T2YMABA, PHMT2YBA, CTHMT2YBA and CTHMF2YBA

0.4 0.6 0.8 1
Concentration (mM)

I3YT2YMAPA

T2YMABA

PHMT2YBA

CTHMT2YBA

CTHMF2YBA

from the impedance data that the Schiff base inhibitor 

exhibited marked inhibition efficiency compared to others. A maximum 

 at the lowest 

exhibited 84.95% inhibition efficiency. The presence of 

in the tryptophan part which 

Besides aromatic rings, 

on the metal surface and to 

agreement with that 

CTHMF2YBA 

encies even though slightly less than that 

The first three ligands were having almost comparable inhibition 

efficiency at their highest concentration, ie; around 94%. The presence of highly 

ine linkage are 

efficiencies of various 

 

of Schiff bases, 

CTHMF2YBA on MS in 

I3YT2YMAPA

T2YMABA

PHMT2YBA

CTHMT2YBA

CTHMF2YBA
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Potentiodynamic polarization studies 

The corrosion inhibition efficiencies of Schiff bases were determined by 

polarization studies which involve Tafel extrapolation analysis and linear polarization 

studies. From these techniques, corrosion parameters such as corrosion potential (Ecorr), 

corrosion current density (icorr), polarization resistance (Rp) were measured. Using these 

parameters inhibition efficiencies were determined. Figures 3.34 to 3.38 represent the 

Tafel plots and polarization curves of MS in the presence and absence of five Schiff base 

inhibitors. 

Table 3.7 provides the Tafel data and linear polarization data obtained by the 

potentiodynamic polarization studies of all these inhibitors. In this measurement also the 

inhibitor I3YT2YMAPA exhibited highest inhibition efficiency in the lowest 

concentration compared to that of other inhibitors. The percentage of inhibition 

efficiencies calculated from polarisation measurements are higher than that obtained from 

the gravimetric studies since the analyses were carried out electrochemically and the 

contact time between the working electrode and the acid solution is only about half an 

hour whereas in the latter the contact time is 24 hours. 

 On analysing the data it is obvious that the corrosion current densities decreased 

significantly as the concentration of the Schiff bases increased. The adsorption of these 

organic molecules on metal surface could hinder the metal dissolution appreciably by 

inhibiting the anodic or cathodic process of corrosion or both. On evaluation of the Tafel 

and polarization curves, one can see that slope of the Tafel lines in presence of inhibitor 

varied considerably compared to the Tafel lines of uninhibited solution. The inhibitor can 

be regarded as mixed type inhibitors since the slopes of both Tafel lines are affected 
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considerably. If the anodic or cathodic slopes vary from the slope of the uninhibited 

solution, the inhibitor can be treated as an anodic or cathodic type inhibitor71. 

Table 3.7 Potentiodynamic polarization parameters of MS in the presence and absence of 

Schiff base inhibitors, I3YT2YMAPA, T2YMABA, PHMT2YBA, CTHMT2YBA and 

CTHMF2YBA in 1.0M HCl  

 

 

Inhibitor 
                        Tafel Data Linear 

polarization data 

C (mM) 
-E corr 

(mV/SCE) 
I corr 

(µA/cm2) 
-bc 

(mV/dec) 
ba 

(mV/dec) 
ηpol% Rp(ohm) ηRp% 

 0 465 726 106 72 - 38.14 - 

 0.2 465 141 97 79 80.58 188.9 80.79 

 0.4 479 94.6 83 87 86.97 377.0 88.76 

I3YT2YMAPA 0.6 476 53.6 85 78 92.62 463.8 92.16 

 0.8 485 42.4 83 72 94.16 567.1 93.04 

 1.0 476 34.1 87 89 95.33 651.2 95.25 

 0.2 476 183 89 79 74.79 82.3 73.51 

 0.4 483 174 93 89 76.03 114 80.88 

T2YMABA 0.6 475 111 90 68 84.71 152 85.66 

 0.8 479 49.2 89 79 93.22 313 93.04 

 1.0 487 40.4 86 76 94.44 367.3 94.07 

 0.2 501 173 83 74 76.17 86.5 74.79 

 0.4 500 131 81 91 81.96 125.4 82.62 

PHMT2YBA 0.6 517 76 84 100 89.53 214 89.81 

 0.8 515 68 76 94 90.63 221 90.14 

 1.0 516 39 85 95 94.63 405 94.62 

 0.2 510 316 103 63 56.47 47.59 54.19 

 0.4 512 204 105 72 71.90 68.78 68.30 

CTHMT2YBA 0.6 502 132.6 99 58 81.74 173 87.39 

 0.8 513 89.1 90 70 87.73 294 92.58 

 1.0 499 42.2 94 51 94.19 369 94.09 

 0.2 499 222 101 63 69.43 64.33 66.11 

 0.4 488 199 104 63 72.59 76.03 71.33 

CTHMF2YBA 0.6 497 202 109 74 72.18 78.07 72.08 

 0.8 508 64 89 94 91.18 238.4 90.85 

 1.0 505 56.7 83 85 92.19 305.4 92.86 
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Fig. 3.34a Tafel plots of MS in the presence 

and absence of I3YT2YMAPA in 1.0M 

HCl 

Fig. 3.35a Tafel plots of MS in the presence 

and absence of T2YMABA in 1.0M HCl 

Fig. 3.36a Tafel plots of MS in the presence 

and absence of PHMT2YBA in 1.0M HCl 
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Fig. 3.34b Linear polarization curves 

of MS in the presence and absence of 

I3YT2YMAPA in 1.0M HCl 

Fig. 3.35b Linear polarization curves 

of MS in the presence and absence of 

T2YMABA in 1.0M HCl 

Fig. 3.36b Linear polarization curves 

of MS in the presence and absence of 

PHMT2YBA in 1.0M HCl 
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  On analyzing the data presented in Table 3.7, it can be found that the anodic and 

cathodic slope variations are different for each inhibitor. I3YT2YMAPA was found to be 

predominantly cathodic type. For the inhibitors T2YMABA, CTHMT2YBA and 

CTHMF2YBA the cathodic slope is slightly varied suggesting that these molecules are 

acting on both the cathode and anode and thus can be regarded as a mixed type inhibitor. 

Whereas PHMT2YBA molecules acted as anodic inhibitor. Generally if the shift of Ecorr 

is greater than 85 with respect to Ecorr of uninhibited solution along with the considerable 

change of anodic or cathodic slopes, the inhibitor can be viewed as cathodic or anodic 
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Fig. 3.37a Tafel plots of MS in the presence 

and absence of CTHMT2YBA in 1.0M HCl 

Fig. 3.38a Tafel plots of MS in the presence 

and absence of CTHMF2YBA in 1.0M HCl 

Fig. 3.37b Linear polarization curves of MS 

in the presence and absence of 

CTHMT2YBA in 1.0M HCl 

Fig. 3.38b Linear polarization curves of 

MS in the presence and absence of 

CTHMF2YBA in 1.0M HCl 



 

type. Figure 3.39 represents a comparison of corrosion inhibition efficiencies of all Schiff 

base inhibitors. According to polarization studies, t

efficiency follows the order

T2YMABA ˃ CTHMF2YBA

method. 

Fig. 3.39 Comparison of corrosion 

bases I3YT2YMAPA

CTHMF2YBA on MS in 1.0M HCl

Mechanism of inhibition 

    It is well known that the surface of the metal is positi

It is believed that the Cl- ions c

creates an excess of negative charge on the surface

protonated inhibitor on the surface and hence reduce the dissolution of Fe to Fe

Besides this electrostatic interaction between the protonated 

surface, other possible interactions are i) interaction of unshared electron pairs in the 

molecule with the metal ii)  interaction of  
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represents a comparison of corrosion inhibition efficiencies of all Schiff 

ing to polarization studies, the general trend of inhibition 

follows the order I3YT2YMAPA ˃ PHMT2YBA ˃ CTHMT2YBA

CTHMF2YBA. This order is same as that obtained from

Comparison of corrosion inhibition efficiencies (ηpol%) of Schiff 

I3YT2YMAPA, T2YMABA, PHMT2YBA, CTHMT2YBA

on MS in 1.0M HCl 

It is well known that the surface of the metal is positively charged in acidic media

ions can be specifically adsorbed on the metal surface and 

creates an excess of negative charge on the surface72. This will favour the adsorption of 

on the surface and hence reduce the dissolution of Fe to Fe

ectrostatic interaction between the protonated inhibitor and the metal 

surface, other possible interactions are i) interaction of unshared electron pairs in the 

molecule with the metal ii)  interaction of  π-electrons with the metal and iii) a 

0.4 0.6 0.8 1

C  (mM)

I3YT2YMAPA

T2YMABA

PHMT2YBA

CTHMT2YBA

CTHMF2YBA

represents a comparison of corrosion inhibition efficiencies of all Schiff 

he general trend of inhibition 

CTHMT2YBA ˃ 

obtained from weight loss 

.        

%) of Schiff 

CTHMT2YBA and 

vely charged in acidic media. 

be specifically adsorbed on the metal surface and 

. This will favour the adsorption of 

on the surface and hence reduce the dissolution of Fe to Fe2+. 

and the metal 

surface, other possible interactions are i) interaction of unshared electron pairs in the 

electrons with the metal and iii) a 

I3YT2YMAPA
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combination of types (i–ii). If one examines the structures of Schiff bases, many potential 

sources of inhibitor–metal interaction can be recognized. The unshared pair of electrons 

present on N atoms in each inhibitor is of key importance in making coordinate bond 

with the metal. The π-electron cloud of the aromatic rings and the azomethine linkage 

also participate in the inhibition mechanism. Furthermore, the double bonds in the 

inhibitor molecule permit the back donation of metal d electrons to the π* orbital and this 

type of interaction cannot occur with amines73. This can be justified by the lower 

inhibition efficiency of the parent amines than that of Schiff base inhibitors. Figure 3.40 

illustrate the mechanism of action of inhibitor molecules on the metal surfaces. 

 
 

Fig. 3.40 Mechanism of corrosion inhibition by Schiff base inhibitor 

molecules on MS surface 
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SECTION II 

CORROSION INHIBITION STUDIES OF SCHIFF BASE INHIBITORS 

I3YT2YMAPA, T2YMABA, PHMT2YBA, CTHMT2YBA AND CTHMF2YBA 

ON MILD STEEL IN 0.5M H2SO4  

  

The corrosion inhibiton of the mild steel specimens are studied in 0.5M sulphuric 

acid solution. Different methods like weight loss measurements, electrochemical 

impedance studies and potentiodynamic polarisation studies were performed and are 

detailed in this section. Generally it was found that the inhibition efficiencies of the 

Schiff base inhibitors in 0.5M H2SO4 medium were not that much pronounced as in the 

hydrochloric acid medium. Sulphuric acid being more aggressive than hydrochloric acid 

will cause a higher rate of corrosion of mild steel specimens.  

Weight loss studies 

The mild steel specimens were immersed in 0.5M sulphuric acid medium for 24 

hours in the presence and absence of inhibitors. Corrosion rates and inhibition efficiency 

values characteristic of each compound are given in Tables 3.8 and 3.9. 

 The Schiff base inhibitor I3YT2YMAPA exhibited least corrosion rates 

compared to other compounds. The inhibition performance of this compound was the 

highest ie, 92% at a concentration of 1.0mM. Generally as the inhibitor concentration is 

increased the inhibition efficiency also increased for all the inhibitors. The aromatic rings 

in addition to the azomethane linkage and highly polarizable S atom make the molecule 

to attract the surface metal atoms strongly which results in the greater inhibition 

performance. 
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Table 3.8   Corrosion rates (mmy-1) of MS in the presence of Schiff base inhibitors 

I3YT2YMAPA, T2YMABA, PHMT2YBA, CTHMT2YBA and CTHMF2YBA in 0.5M 

H2SO4 

C(mM) I3YT2YMAPA T2YMABA PHMT2YBA CTHMT2YBA CTHMF2YBA 

0 26.11 26.11 26.11 26.11 26.11 

0.2 16.76 24.97 24.83 24.68 15.99 

0.4 12.21 22.09 22.98 21.38 15.88 

0.6 10.01 20.67 18.67 19.14 10.78 

0.8 7.36 16.05 17.09 14.93 10.35 

1.0 5.98 14.13 12.33 12.65 9.05 

 

 

         Fig. 3.41 Variation of corrosion rates of MS with the concentration of Schiff base 

inhibitors I3YT2YMAPA, T2YMABA, PHMT2YBA, CTHMT2YBA and 

CTHMF2YBA in 0.5M H2SO4 

 Schiff base inhibitors T2YMABA, PHMT2YBA and CTHMT2YBA showed 

comparatively poor corrosion inhibition efficiency on MS surface in 0.5M H2SO4 medium. 

Eventhough these molecules possesses active corrosion inhibition probes, they displayed 

lower corrosion inhibition power, which may be attributed to a) high corrosive nature of 
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sulphuric acid medium and b) intensive hydrolysis of these 

medium. The furfural derived Schiff base 

inhibition efficiency on MS 

efficiencies are demonstrated in 

Table 3.9 Inhibition efficiencies of Schiff base

PHMT2YBA, CTHMT2YBA

Fig. 3.42  Comparison of corrosion inhibition efficiencies (

I3YT2YMAPA, T2YMABA

in 0.5M H2SO4 
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sulphuric acid medium and b) intensive hydrolysis of these inhibitors in sulphuric acid 

medium. The furfural derived Schiff base inhibitor CTHMF2YBA showed fair corrosion 

inhibition efficiency on MS surface. Comparison of corrosion rates and inhibition 

efficiencies are demonstrated in Figures 3.41 and 3.42 respectively. 

fficiencies of Schiff base inhibitors I3YT2YMAPA, 

CTHMT2YBA and CTHMF2YBA on MS in 0.5M H2SO4 

 

Comparison of corrosion inhibition efficiencies (ηw%) of Schiff base

T2YMABA, PHMT2YBA, CTHMT2YBA and CTHMF2YBA

0.4 0.6 0.8 1
C (mM)

I3YT2YMAPA

T2YMABA

PHMT2YBA

CTHMT2YBA

CTHMF2YBA

Inhibitors 

T2YMABA PHMT2YBA CTHMT2YBA CTHMF2YBA

4.35 4.88 1.18 

     15.39        11.96 5.46 

20.84 28.50 18.09 

38.53 34.55 26.67 

45.89 52.79 51.56 

n sulphuric acid 

showed fair corrosion 

of corrosion rates and inhibition 

, T2YMABA, 

 

%) of Schiff base inhibitors 

CTHMF2YBA on MS 

I3YT2YMAPA

T2YMABA

PHMT2YBA

CTHMT2YBA

CTHMF2YBA

CTHMF2YBA 

38.75 

39.15 

58.72 

60.36 

65.32 
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Adsorption isotherms   

The adsorption isotherms help to verify the mechanism of interaction of the 

inhibitor on the surface of MS specimens. Different adsorption isotherms were 

considered and the best fit model of isotherm was selected with the aid of correlation 

coefficient. The adsorption isotherms are represented in Figures 3.43-3.47. 
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Fig. 3.43 Langmuir adsorption 

isotherm for I3YT2YMAPA on MS in 

0.5M H2SO4 

Fig.3.44 Freundlich adsorption 

isotherm for T2YMABA on MS in 

0.5 M H2SO4 

Fig. 3.45 Freundlich adsorption 

isotherm for PHMT2YBA on MS in 

0.5M H2SO4 

Fig. 3.46 Freundlich adsorption 

isotherm for CTHMT2YBA on MS in 

0.5 M H2SO4 
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 The best fit adsorption isotherm for T2YMABA, PHMT2YBA and 

CTHMT2YBA was Freundlich isotherm, which can be represented as 

: � B`�� C 

where C is the concentration of the inhibitor, θ is the fractional surface coverage and Kads 

is the adsorption equilibrium constant. At the same time for I3YT2YMAPA and 

CTHMF2YBA inhibitors, Langmuir isotherm was the suitable one. Langmiur adsorption 

isotherm can be represented as 

  
(
) �

*
+,-. /  0 

Kads and  ∆G0
ads, are calculated for each inhibitor and are reported in Table 3.10. The 

negative value of   free energy of adsorption indicates the spontaneity of the process. In 

the present investigation ∆G0
ads values for all the molecules suggested that the adsorption 

involved both physisorption and chemisorption. The low values of the adsorption 

equilibrium constant for T2YMABA, PHMT2YBA and CTHMT2YBA were an 

indication of possibility of multilayer adsorption of these molecules on the metal surface. 

Inhibitors I3YT2YMAPA and CTHMF2YBA exhibited high values of Kads and ∆Gads 

suggesting that there was a monolayer of protective molecules formed on the surface 
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Fig. 3.47 Langmuir adsorption isotherm for 

CTHMF2YBA on MS in 0.5M H2SO4 
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through chemical interaction. Even though the rates of corrosion of metal specimens were 

high in sulphuric acid, it can be concluded that these molecules were able to make an 

effective protection barrier preventing the dissolution of Fe atoms. 

Table 3.10 Thermodynamic parameters for the adsorption of Schiff base inhibitors 

I3YT2YMAPA, T2YMABA, PHMT2YBA, CTHMT2YBA and CTHMF2YBA on MS 

in 0.5M H2SO4 

Surface morphological studies 

            The effect of I3YT2YMAPA molecules on MS surface was studied with SEM 

analyses. SEM images of MS surfaces in the absence of medium, in the presence of 

corroding medium (0.5M H2SO4) and in the presence of corroding medium and inhibitor are 

given in Figures 3.48-3.50 respectively. On comparing Figures 3.48 and 3.49, it can be 

established that the surface of MS was seriously damaged in the acidic solution. Figure 

3.50 represents the surface image of the metal in the presence of the I3YT2YMAPA 

molecules (0.1mM, 24 h). Morphology of this image clearly proved that the damage 

occurred for the surface was fairly reduced in presence of the inhibitor. 

      

 

 

Parameter I3YT2YMAPA T2YMABA PHMT2YBA CTHMT2YBA CTHMF2YBA 

Isotherm Langmuir Freundlich Freundlich Freundlich Langmuir 

Kads 2590 531 592 609 2611 

∆Gads(kJ/mol) 
-30 -25.75 -26.03 -26.1 -30 

Fig. 3.48 SEM image of the bare MS 
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Corrosion inhibition studies on parent compounds 

Corrosion inhibition characteristics of the parent compounds of each Schiff base 

inhibitor were studied and compared. The results are given in table 3.11. 

The parent compounds consists of 2-amino-3-(3-indolyl)propanoic acid (AIPA), 

3-amino benzoic acid (ABA), thiocarbamoylhydrazide (TCH), phenyl hydrazine (PH), 4-

(5-formylthiophen-2-yl)benzoic acid (FT2YBA) and 4-(5-formylfuran-2-yl)benzoic acid 

(FF2YBA). These compounds were taken in 0.2, 0.6 and 1.0mM concentrations in 0.5M 

H2SO4 and their inhibition efficiencies against MS corrosion for a period of 24 hours 

were studied using gravimetric method. 

Table 3.11 Corrosion inhibition efficiencies (ηw%)  of parent compounds AIPA, 

3ABA, FT2YBA, FF2YBA, TCH  and PH on MS surface in 0.5M H2SO4 

C (mM) AIPA 3ABA FT2YBA FF2YBA TCH PH 

0.2 4.27 4.14 30.75 49.21 1.89 20.85 

0.6 28.31 10.83 41.34 57.65 8.14 32.64 

1.0 52.24 21.35 53.64 62.32 18.5 40.01 

Fig. 3.49 SEM image of MS surface in 0.5M 

H2SO4 after 24 h 

Fig. 3.50 SEM image of MS surface in 0.5M 

H2SO4  and I3YT2YMAPA after 24 h 
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On comparison, it can be inferred that the higher inhibition performance of the 

Schiff base inhibitor were due to the presence of azomethine linkage in them. The amino 

acid, 2-amino-3-(3-indolyl)propanoic acid (AIPA) gave a highest 52% inhibition at 

1.0mM concentration whereas the Schiff base inhibitor produced a much better result at 

the corresponding concentration i.e.; 77%. The parent amine ABA and TCH showed very 

little activity in sulphuric acid medium. The arylated compounds of thiophene-2-

carboxaldehyde and furan-2-carboxaldehyde gave somewhat better efficiencies. The 

presence of aromatic rings in them might have improved their inhibition character. 

Electrochemical studies on corrosion 

Electrochemical methods involve impedance and potentiodynamic measurements 

in sulphuric acid medium. Electrochemical impedance measurements are quick when 

compared to the weight loss measurements. 

The five novel Schiff base inhibitors were subjected to electrochemical corrosion 

inhibition studies on MS in 0.5M H2SO4 medium. EIS and Tafel polarization studies were 

performed to get a quick and reliable result on the inhibition capacities of the inhibitors on mild 

steel.  

Electrochemical impedance spectroscopic (EIS) studies 

The EIS experiments were carried out on an Ivium compact stat-e electrochemical 

system. 1M HCl was taken as the electrolyte and the working area of the metal specimens 

were exposed to the electrolyte for 1 h prior to the measurement. EIS measurements were 

performed at constant potential (OCP) in the frequency range from 1 KHz to 100 mHz 

with amplitude of 10 mV as excitation signal.The mild steel specimens were subjected to 

EIS measurements in sulphuric acid medium in the absence and presence of the 

inhibitors. Different concentrations of the Schiff base inhibitors were prepared and the 



192 

 

working electrode of the EIS system was made into contact with these solutions. 

Impedance plots, Nyquist plots (or Cole-Cole plot) and Bode plots were obtained in acid 

medium. The plots are given in Figures 3.51-3.55. The impedance parameters like charge 

transfer resistance (Rct), solution resistance (Rs), double layer capacitance (Cdl) and 

percentage inhibition efficiency (ηEIS%) calculated from the Rct values are given in the 

Table 3.12. The percentage of inhibitions of each Schiff base were calculated using 

charge transfer resistance values by the following expression 

ηTUV % = R � − R′ �
R �

 X100 

where Rct and R’ct are the charge transfer resistances of working electrode with and 

without inhibitor respectively. 

        

  

          

 

Fig. 3.51a Nyquist plots of MS in the 

presence and absence of I3YT2YMAPA 

in 0.5M H2SO4  

Fig. 3.51b Bode plots of MS in the 

presence and absence of I3YT2YMAPA in 

0.5M H2SO4  

Fig. 3.52a Nyquist plots of MS in the 

presence and absence of T2YMABA in 

0.5M H2SO4  

Fig. 3.52b Bode plots of MS in the 

presence and absence of T2YMABA in 

0.5M H2SO4  
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Fig. 3.53a Nyquist plots of MS in the 

presence and absence of PHMT2YBA in 

0.5M H2SO4  

Fig. 3.53b Bode plots of MS in the 

presence and absence of PHMT2YBA 

in 0.5M H2SO4  

Fig. 3.54a Nyquist plots of MS in the 

presence and absence of CTHMT2YBA in 

0.5M H2SO4  

Fig. 3.54b Bode plots of MS in the 

presence and absence of CTHMT2YBA 

in 0.5M H2SO4  

Fig. 3.55a Nyquist plots of MS in the 

presence and absence of CTHMF2YBA in 

0.5M H2SO4  

Fig. 3.55b Bode plots of MS in the 

presence and absence of CTHMF2YBA 

in 0.5M H2SO4  



 

It is evident from the plots that the impedance response of metal specimens 

showed a marked difference in the presence and absence of the inhibitors. 

base I3YT2YMAPA showed the highest R

transfer across the exposed area of the metal surface and it is inversely proportional to 

rate of corrosion. This compound showed the highest inhibition efficiency of 97% at 

1.0mM concentration. Inhibitors 

CTHMF2YBA also exhibited appreciable inhibition capacities against corrosion. 

PHMT2YBA showed significant

concentration taken of 0.2mM. Generally t

increasing inhibitor concentr

concentration can be attributed to the decrease in local dielectric constant and /or increase 

in the thickness of the electrical double layer. This 

molecules by adsorption at the metal

(ηEIS %) showed a regular increase with increase in inhibitor concentration
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It is evident from the plots that the impedance response of metal specimens 

showed a marked difference in the presence and absence of the inhibitors. 

showed the highest Rct value 232. Rct is a measure of electron 

the exposed area of the metal surface and it is inversely proportional to 

This compound showed the highest inhibition efficiency of 97% at 

Inhibitors T2YMABA, PHMT2YBA, CTHMT2YBA

also exhibited appreciable inhibition capacities against corrosion. 

significant inhibition efficiency (80%) even at the lowest 

concentration taken of 0.2mM. Generally the Rct values were found to increase with 

increasing inhibitor concentration. Decrease in capacitance values CPE with inhibitor 

concentration can be attributed to the decrease in local dielectric constant and /or increase 

in the thickness of the electrical double layer. This emphasizes the action of inhibitor 

molecules by adsorption at the metal–solution interface. The percentage of inhibition 

) showed a regular increase with increase in inhibitor concentration

and this trend is represented in Figure 3.56. 

Comparison of corrosion inhibition efficiencies (ηEIS%) of Schiff base

I3YT2YMAPA, T2YMABA, PHMT2YBA, CTHMT2YBA

on MS in 0.5M H2SO4 

0.4 0.6 0.8 1

C  (mM)

I3YT2YMAPA

T2YMABA

PHMT2YBA

CTHMT2YBA

CTHMF2YBA

It is evident from the plots that the impedance response of metal specimens 

showed a marked difference in the presence and absence of the inhibitors. The Schiff 

is a measure of electron 

the exposed area of the metal surface and it is inversely proportional to 

This compound showed the highest inhibition efficiency of 97% at 

CTHMT2YBA and 

also exhibited appreciable inhibition capacities against corrosion. 

even at the lowest 

increase with 

ation. Decrease in capacitance values CPE with inhibitor 

concentration can be attributed to the decrease in local dielectric constant and /or increase 

the action of inhibitor 

solution interface. The percentage of inhibition 

) showed a regular increase with increase in inhibitor concentration for all the 

 

%) of Schiff base 

CTHMT2YBA and 

I3YT2YMAPA

T2YMABA

PHMT2YBA

CTHMT2YBA

CTHMF2YBA
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Table 3.12 Electrochemical impedance parameters of MS in the presence and absence 
of Schiff base inhibitors I3YT2YMAPA, T2YMABA, PHMT2YBA, CTHMT2YBA 
and CTHMF2YBA in 0.5 M H2SO4 

Inhibitor C (mM) Cdl Rct ηEIS% 

 0 116 5.57 - 

 
 

I3YT2YMAPA 

0.2 89.8 10.6 47.45 

0.4 84.5 19.8 71.86 

0.6 77.2 46 87.89 

0.8 69.1 90 93.81 

1.0 70.1 232 97.59 

 
 

T2YMABA 

0.2 129 10.1 44.85 

0.4 107 13.6 59.04 

0.6 167 19.5 71.43 

0.8 123 25 77.72 

1.0 95 41.5 86.57 

 
 

PHMT2YBA 

0.2 79 28.9 80.73 

0.4 113 49.6 88.77 

0.6 63.7 53.8 89.64 

0.8 75.6 68.9 91.91 

1.0 69.6 79.6 93.00 

 
 

CTHMT2YBA 

0.2 42.9 11.3 50.71 

0.4 10.2 20.9 73.34 

0.6 12.3 33.3 83.27 

0.8 9.8 47.1 88.17 

1.0 7.7 69.2 91.95 

 
 

CTHMF2YBA 

0.2 82.7 12.2 54.34 

0.4 80.5 23.4 76.19 

0.6 76.6 46.3 87.96 

0.8 46.3 92.5 93.97 

1.0 10.2 104 94.64 



196 

 

The inhibition efficiencies resulted from EIS analysis are higher than that 

obtained from gravimetric studies and these results are not comparable. Since 

electrochemical analysis is a rapid corrosion monitoring technique it will only exhibit 

the corrosion inhibition capacities of molecules on MS at the early stage of treatment. 

The molecules will gradually hydrolyze into their parent compounds and thus show poor 

inhibition efficiency in H2SO4 medium for a long span of 24 hours. That’s why 

gravimetric corrosion inhibition results are lower than the electrochemical results. 

Comparatively least efficiency was reported in the case of inhibitor T2YMABA. Even at 

the highest concentration (1mM) it has showed 86.57% inhibition efficiency. The order 

of performances of the studied Schiff base inhibitors on MS can be given as 

I3YT2YMAPA ˃ CTHMF2YBA ˃ PHMT2YBA ˃ CTHMT2YBA ˃ T2YMABA. 

Potentiodynamic polarization studies 

 The behaviors of the present inhibitors towards polarization of metal 

specimens were studied by Tafel extrapolation analysis and linear polarization studies. 

Polarization studies were performed by recording anodic and cathodic polarization 

curves. Polarization plots were obtained in the electrode potential range from -100 to 

+100 mV Vs corrosion potential (Ecorr) at a scan rate of 1mV/sec. Tafel polarization 

analysis were done by extrapolating anodic and cathodic curves to the potential axis to 

obtain corrosion current densities(Icorr). The percentage of inhibition efficiency (ηpol%) 

was evaluated from the measured Icorr values using the following relation  

    ηt�� % = UYuvv % U′Yuvv
UYuvv

 X100                      

where Icorr and I’corr are the corrosion current densities of the exposed area of the working 

electrode in the absence and presence of inhibitor respectively. From the polarization 
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analyses, polarization parameters like corrosion current densities (Icorr), corrosion 

potential (Ecorr), cathodic Tafel slope (bc) and anodic Tafel slope (ba) were determined 

and are listed in Table 3.13. Using these parameters percentage of inhibition efficiency 

(ηpol%) for MS specimens was determined. From the slope analysis of the linear 

polarization curves at the vicinity of corrosion potential of blank as well as at different 

concentrations of the inhibitor, the values of polarization resistance (Rp) in acid solution 

were obtained. From the evaluated polarization resistance, the inhibition efficiency was 

calculated using the relationship 

ηX� % = X′�%X�
X′�

 X100                                                                                                             

where R’
p and Rp are the polarization resistance in the presence and absence of the 

inhibitor respectively. 

It is evident, from the Tafel parameters for the inhibition of various Schiff base 

inhibitors on metal surface, that the corrosion current density (Icorr) was decreased with 

increasing the inhibitor concentration. From linear polarization analysis it can be seen 

that the polarization resistance was considerably increased with the inhibitor 

concentration for all the studied inhibitors. This behavior can be attributed to the increase 

of adsorption of the molecules with concentration. The I3YT2YMAPA molecules 

showed a highest of 97.59% inhibition efficiency at 1.0mM concentration in the Tafel 

analysis. This was followed by compound CTHMF2YBA, which has got 94.85% 

efficiency at the highest concentration. Other Schiff bases also gave good inhibition 

performances; all of them showing ˃30 % inhibition capacity even at the lowest 

concentration (0.2mM). The Tafel curves and linear polarization curves are given in 

Figures 3.57-3.61.    
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Table 3.13 Potentiodynamic polarization parameters in the presence and absence of Schiff base 

inhibitors I3YT2YMAPA, T2YMABA, PHMT2YBA, CTHMT2YBA and CTHMF2YBA 

in 0.5M H2SO4 

 

Inhibitor 

 
 

Tafel data 
Linear 

polarization data 

C 
(mM) 

-E corr 
(mV/SCE) 

I corr 

(µA/cm2) 
-bc 

(mV/dec) 
ba 

(mv/dec) 
ηpol% 

Rp 

(ohm) 
 

η Rp% 

 0 472 1443 131 91 - 12.5 - 

I3YT2YMAPA 0.2 471 733 112 66 49.20 21.08 40.70 

 0.4 472 656 115 75 54.54 25.7 51.36 

 0.6 418 359 117 69 75.12 46.48 73.11 

 0.8 496 110 122 102 92.38 156.5 92.01 

 1.0 463 34.7 86 36 97.59 274.3 95.44 

 0.2 483 899 86 164 37.69 19 34.21 

T2YMABA 0.4 460 571 62 108 60.43 30.18 58.58 

 0.6 481 401 66 141 72.21 38.1 67.19 

 0.8 482 367 72 123 74.57 42.56 70.63 

 1.0 478 232 58 130 83.92 60.46 79.34 

 0.2 520 850 112 90 41.09 48 73.96 

PHMT2YBA 0.4 478 199 104 63 86.21 60 79.17 

 0.6 501 359 117 69 75.12 86.5 85.55 

 0.8 481 80.1 92 45 84.45 113.5 88.98 

 1.0 498 122 90 84 91.55 115 89.13 

 0.2 527 484 100 80 66.46 32 60.94 

CTHMT2YBA 0.4 458 451 103 63 68.75 34 63.24 

 0.6 473 320 107 69 77.82 48 73.95 

 0.8 493 205 98 68 85.79 69 81.88 

 1.0 478 158 103 71 89.05 94 86.70 

 0.2 -520 951 125 106 34.09 26.2 52.29 

CTHMF2YBA 0.4 478 231 130 58 83.99 75.2 83.38 

 0.6 501 172 100 74 88.08 106.9 88.31 

 0.8 481 141 97 79 90.23 133.5 90.64 

 1.0 498 132 96 84 94.85 147 91.49 
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Fig. 3.57a Tafel plots of MS in the 

presence and absence of I3YT2YMAPA 

in 0.5M H2SO4 

Fig. 3.57b Linear polarization curves of 

MS in the presence and absence of 

I3YT2YMAPA in 0.5M H2SO4  

Fig. 3.58a Tafel plots of MS in the 

presence and absence of T2YMABA in 

0.5M H2SO4 

Fig. 3.58b Linear polarization curves 

of MS in the presence and absence of 

T2YMABA in 0.5M H2SO4  

Fig. 3.59b Linear polarization curves of 

MS in the presence and absence of 

PHMT2YBA in 0.5M H2SO4  

Fig. 3.59a Tafel plots of MS in the 

presence and absence of PHMT2YBA in 

0.5M H2SO4 
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 Even though the inhibitors T2YMABA, PHMT2YBA and CTHMT2YBA showed 

very poor inhibitive capacity at 24h as per weight loss studies, their corrosion inhibition 

power according to the polarization studies were much higher than that expected. The 

presence of hetero atoms, aromatic rings and azomethine linkage present in the molecule 

would result in the enhanced the corrosion inhibition of these inhibitors. On close 

examination of the Tafel slopes, it is evident that these compounds namely 

I3YT2YMAPA, T2YMABA and PHMT2YBA showed much variations in cathodic and 

anodic slopes which suggest that they could affect the anodic and cathodic sites of 

corrosion and hence be called as mixed corrosion inhibitors. In the case of 

Fig. 3.60a Tafel plots of MS in the presence 

and absence of CTHMT2YBA in 0.5M 

H2SO4 

Fig. 3.60b Linear polarization curves of 

MS in the presence and absence of 

CTHMT2YBA in 0.5M H2SO4  

Fig. 3.61a Tafel plots of MS in the presence 

and absence of CTHMF2YBA in 0.5M 

H2SO4 

Fig. 3.61b Linear polarization curves of MS 

in the presence and absence of 

CTHMF2YBA in 0.5M H2SO4  
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CTHMT2YBA, the cathodic slope variation 

with others and therefore this molecule can be regarded as a 

potential (Ecorr) of MS specimens did not change

measurements. The corrosion 

order I3YT2YMAPA ˃ CTHMF2YBA

which is same as the result of EIS measurements. 

are given in Figure 3.62. 

 Fig. 3.62 Comparison of corrosion inhibition 

inhibitors I3YT2YMAPA

CTHMF2YBA on MS in 0.5M H
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, the cathodic slope variation was not that much pronounced

this molecule can be regarded as a anodic inhibitor. Corrosion 

S specimens did not change appreciably during 

corrosion inhibition efficiencies of Schiff base inhibitors

CTHMF2YBA ˃ PHMT2YBA ˃ CTHMT2YBA ˃

result of EIS measurements. A comparison of inhibition efficiencies 

Comparison of corrosion inhibition efficiencies (ηpol%) of Schiff base

I3YT2YMAPA, T2YMABA, PHMT2YBA, CTHMT2YBA

on MS in 0.5M H2SO4 
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SUMMARY 

The corrosion inhibition efficiencies of newly synthesized heterocyclic Schiff 

base inhibitors namely 3-(1H-indol-3-yl)-2-[(E)-(thiophen-2-ylmethylidene)amino] 

propanoic acid (I3YT2YMAPA), (E)-3-(thiophen-2-ylmethylene amino)benzoic acid 

(T2YMABA), (E)-4-(5-((2-carbamothioylhydrazono)methyl) thiophen-2-yl)benzoic acid 

(CTHMT2YBA), (E)-4-(5-((2-phenylhydrazono)methyl)thiophen-2-yl)benzoic acid 

(PHMT2YBA) and (E)-4-(5-((2-carbamothioylhydrazono)methyl)furan-2-yl)benzoic acid 

(CTHMF2YBA) against MS specimens in 1.0M HCl and 0.5M H2SO4 solutions were 

analysed using weight loss studies and electrochemical methods such as electrochemical 

impedance spectroscopy (EIS) and potentiodynamic polarization studies. It was found 

that all the inhibitors exhibited very good corrosion inhibition property on mild steel in 

HCl medium. Generally the corrosion inhibition efficiency was poor in H2SO4 medium 

than in HCl medium. Adsorption studies and surface morphological analysis were 

conducted to establish the mechanism of corrosion inhibition of these inhibitors. 

According to the weight loss studies in HCl medium, the inhibition efficiencies 

were increased with the inhibitor concentrations for all the compounds. At a maximum 

concentration of 1.0mM, all the studied inhibitors displayed 70-83% inhibition 

efficiencies by the weight loss studies. At the electrochemical studies, they performed 

very potential anticorrosive activity (92-96%) towards MS at 1.0mM concentration. The 

compound I3YT2YMAPA exhibited the highest inhibition performance against mild 

steel (96.16%). The electron density of the aromatic ring systems, azomethine linkage 

and highly polarisable sulphur atom are the root causes by which the molecule showed 

better inhibition efficiency. Adsorption studies revealed that Freundlich isotherm was the 
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best fit isotherm for I3YT2YMAPA, PHMT2YBA, CTHMT2YBA and CTHMF2YBA 

molecules whereas Langmuir isotherm was followed by T2YMABA in 1.0M HCl 

medium. The values of themodynamic parameters suggested that adsorption process was 

spontaneous and the interaction between the metal and inhibitor molecules involves both 

electrostatic-adsorption and chemisorptions. The role of azomethine group in the 

inhibitory action was proved when the parent compounds of the Schiff base inhibitors 

were taken for corrosion studies. The activities were higher for the Schiff bases than the 

parent compounds. The corrosion inhibition performances of the compounds at elevated 

temperatures were also studied in HClmedium. Data obviously established that the rate of 

corrosion is increased at elevated temperatures. 

The electrochemical studies on corrosion in HCl medium were performed and the 

order of inhibition capacity of bases was the same as that obtained from gravimetric 

studies, I3YT2YMAPA ˃ PHMT2YBA ˃ CTHMT2YBA ˃ T2YMABA ˃ 

CTHMF2YBA. Potentiodynamic polarization studies suggested that all inhibitors acted 

as a mixed type inhibitors for MS specimens in 1.0M HCl. Generally it is noticed that the 

inhibition efficiencies of these Schiff base inhibitors are quite higher by electrochemical 

studies than weight loss studies.  

 In 0.5M sulphuric acid medium, the gravimetric studies gave a different order of 

corrosion inhibition efficiency for the Schiff base inhibitors, i.e. I3YT2YMAPA ˃ 

CTHMF2YBA ˃ PHMT2YBA ˃ CTHMT2YBA ˃ T2YMABA. A maximum of 77.1% 

was obtained by I3YT2YMAPA at 1mM concentration. The inhibition efficiencies were 

lesser than that in HCl medium, which can be explained with the aggressive nature of the 

sulphuric acid. Weight loss measurements on both Schiff base inhibitors and their 
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corresponding parent compounds were performed and compared. Langmuir isotherm was 

the best fit one for I3YT2YMAPA and CTHMF2YBA and Freundlich isotherm for 

others. The ∆G0
adsvalues for all the molecules suggested that the adsorption involved both 

physisorption and chemisorption.   

Electrochemical impedance and potentiodynamic investigations in 0.5M H2SO4 

gave higher corrosion inhibition efficiencies compared to gravimetric studies. Inhibition 

efficiency greater than 95% was expressed by I3YT2YMAPA in both experiments. 

I3YT2YMAPA, T2YMABA and PHMT2YBA showed much variations in cathodic and 

anodic slopes which suggest that these molecules could affect the anodic and cathodic 

sites of corrosion and can be called as mixed corrosion inhibitors. In the case of 

CTHMT2YBA, the cathodic slope variation was not that much pronounced when 

compared with others, and hence this molecule was regarded as an anodic inhibitor. 
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