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The inhibition effect of imidazolidine-2-thione (IMT) on the corrosion behaviour of mild steel (MS) in 1 N HCl was 

studied using potentiodynamic polarization, linear polarisation resistance (LPR), electrochemical impedance spectroscopy 

(EIS) and adsorption studies. The effects of inhibitor concentrations, temperature, corrosion rate and surface coverage are 

investigated. The corrosion rate and other parameters are evaluated for different inhibitor concentrations and the probable 

mechanism is also proposed. The results show that IMT possesses excellent inhibiting effect for the corrosion of the MS and 

the inhibitor acts as a mixed type inhibitor. The inhibitor does not affects the mechanism of the electrode processes and 

inhibits corrosion by blocking the reaction sites. The high inhibition efficiency of IMT was due to the adsorption of inhibitor 

molecules on the metal surface. The decrease of surface area available for electrode reactions to take place is due to the 

formation of a protective film. Activation energies and enthalpies of activation in the presence and absence of IMT were 

determined by measuring the temperature dependence of the corrosion current.  
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The use of inhibitors is one of the most practical 

methods for protecting metals against corrosion and it 

is becoming increasingly popular. In recent years, 

considerable efforts have been made to find novel and 

efficient corrosion inhibitors with sulphur and/or 

nitrogen containing molecules
1-5

. A large number of 

investigations have been carried out on the corrosion 

behaviour of various materials in mineral acids and on 

the inhibition of corrosion of these materials by using 

both organic and inorganic compounds. It is well 

known that a particular inhibitor which gives a very 

high efficiency for a particular metal in a specific 

media may not work with the same efficiency for 

other metals in the same media. Hackerman and 

coworkers published a series of papers
6-8

 on 

polymethylene imines as inhibitors for steel corrosion 

in hydrochloric acid. These studies were extended to 

include polymeric amines and the results showed that 

soluble polymeric molecules containing multiple 

repeating units identical in functionality are more 

efficient corrosion inhibitors than the corresponding 

monomers. The effectiveness of quaternary amines 

for steel corrosion in hydrochloric acid was also 

reported. It was found that the effectiveness of the 

adsorption depends mainly on the electronic structure 

of the organic moity
10-15

. The triazoles, benzotriazoles 

and their derivatives, for instance, are excellent 

corrosion inhibitors for mild steel and copper in a 

wide variety of water solutions, temperature and pH 

ranges, but these compounds are highly toxic
15 

and are 

widely replaced with environmentally benign 

compounds. Current research is oriented to the 

development of ‘green corrosion inhibitors’ with good 

efficiency and low risk of environmental pollution
15-17

.  

 The adsorption of organic molecules at the 

metal/solution interface is of a great interest in surface 

science and can markedly change the corrosion 

resisting properties of metals. The protection of 

corroding surfaces prevents the waste of both 

resources and money during the industrial 

applications and it is vital for the extension of the 

lifetime of the equipment and limiting the dissolution 

of metals from the components into the environment. 

Therefore, the prevention of corrosion of metals used 

in industrial applications is an important issue that 

must be dealt with. The corrosion inhibition 

efficiency of organic molecules is mainly dependent 

on their ability to be adsorbed on the metal surface, 

which results with the replacement of water molecules 

at the corroding interface
18

.  

 The aim of the present work is to investigate the 

corrosion inhibition efficiency of imidazolidone-2-
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thione (IMT) towards mild steel in 1 N hydrochloric 

acid and establish a probable mechanism of its 

protective action. Imidazolidine-2-thione molecule 

has two nitrogen atoms and one sulphur atom which 

are assumed to be the active centres of adsorption.  
 

Experimental Procedure 
 The mild steel used in the study had the following 

composition: C, 0.2; Mn, 1; P, 0.03; S, 0.02; and  

Fe, 98.75%. Mild steel sheets of 1 mm thickness were 

used in the studies. The sheets were cleaned in acid 

solutions and were polished successively with 1-40 finer 

grades of emery paper and then polished on a slow 

rotating wheel using plain kerosene on the cloth to 

mirror bright finish. All specimens were cleaned using 

the procedure of ASTM standard G-1-72
19-24

. For weight 

loss measurements the mild steel sheets were cut into 

4.8×1.9 cm
2
 coupons. For electrochemical studies, same 

type of coupons having 1 cm
2
 area were used. The 

inhibitor imidazolidine-2-thione was synthesized in the 

laboratory according to the procedure proposed by Allen 

and coworkers and the structure is given in Fig. 1. The 

percentage composition of various elements present in 

the inhibitor molecule are determined by elemental 

analysis using CHN Analyser (Model Elemental Vario 

EL III) at CUSAT, Kochi and compared with the 

(theoretical) values. C: 35.06(35.27), H: 5.61(5.92),  

N: 29.87(27.42) and S: 30.90(31.39). 

 For the electrochemical measurements Gill AC 

Computer controlled electrochemical work station from 

ACM, UK (Model number: 1475) was used. A single 

wall one-compartment cell with a three electrode 

configuration with a platinum sheet  

(with 1 cm
2
 surface area) and Saturated Calomel 

Electrode (SCE) were used as the auxiliary and the 

reference electrodes respectively. The working 

electrode was first immersed in the test solution and 

after establishing a steady state open circuit potential, 

the electrochemical measurements were conducted. 

The potentiodynamic polarization curves were obtained 

in the potential range from –250 to +250 mV with a 

sweep rate of 1000 mV/min. Electrochemical 

impedance spectroscopy (EIS) measurements were 

carried out in frequency range of 10 KHz to 10 Hz with 

amplitude of 10 Mv (RMS) using a.c signals at open 

circuit potential. The polarization resistance (Rp) was 

determined from the slope of the current-potential 

plots. All electrochemical tests were normally repeated 

three times to confirm the reasonable reproducibility. 

 
Results and Discussion 
Potentiodynamic polarization measurements 

 The potentiodynamic polarization curves of the MS 

in 1 N HCl solution with various concentrations of 

IMT after 30 min of immersion time at 30, 40 and 

50°C are presented in Figs 2-4 and the corresponding 

linear polarisation curves are given in Figs 5-7. The 

important electrochemical parameters like corrosion 

 
 

Fig. 1—Structure of imidazolidine-2-thione (IMT) 

 
 

Fig. 2—Anodic and cathodic Tafel lines for mild steel in  

1 N HCl in the presence and absence of various concentrations of 

IMT at 30°C. 

 

 
 

Fig. 3—Anodic and cathodic Tafel lines for mild steel in 1 N HCl 

in the presence and absence of various concentrations of IMT at 

40°C. 



INDIAN J. CHEM. TECHNOL., SEPTEMBER 2010 

 

 

368 

potential (Ecorr), corrosion current density (icorr), 

corrosion rate (CR) and inhibition efficiency (η %) 

values were calculated from these curves and are 

listed in Table 1. The inhibition efficiency IE% was 

calculated from polarization measurements according 

to the relation; 

 

corr* corr

corr

IE% 100
i i

i

−
= ×  …(1) 

 

where icorr* and icorr are the uninhibited and the 

inhibited corrosion current densities, respectively. 

These values were obtained by the extrapolation of 

the current–potential lines to the corresponding 

corrosion potentials. It is clear from Figs 2-4 that, as 

expected, both anodic metal dissolution and cathodic 

hydrogen evolution reaction were inhibited after the 

addition of IMT to the aggressive solution. The results 

suggest that IMT can be classified as mixed type 

corrosion inhibitor. The inhibitor molecules are first 

adsorbed onto the MS surface and, therefore, impede 

by merely blocking the reaction sites of the MS 

surface. In this way, the surface area available for  

H
+
 ions is decreased while the actual reaction 

mechanism remains unaffected
25

. A higher coverage 

of the inhibitor on the surface was obtained in 

solutions with higher inhibitor concentrations. The 

presence of defects on the metal surface permits a free 

access of H
+
 ions to the MS surface

26,27
. The 

formation of surface inhibitor film on the mild steel 

surface provides considerable protection to mild steel 

 
 

Fig. 4—Anodic and cathodic Tafel lines for mild steel in  

1 N HCl in the presence and absence of various concentrations of 

IMT at 50°C. 

 

 
 

Fig. 5—LPR plot for mild steel in 1 N HCl in the presence and 

absence of various concentrations of IMT at 30°C. 
 

 
 

Fig. 6—LPR plot for mild steel in 1 N HCl in the presence and 

absence of various concentrations of IMT at 40°C. 

 

 
 
Fig. 7—LPR plot for mild steel in 1 N HCl in the presence and 

absence of various concentrations of IMT at 50°C. 
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against corrosion. This film reduces the active surface 

area exposed to the corrosive medium and delays the 

hydrogen evolution and iron dissolution. 
 

 The observed phenomenon is generally described 

as the corrosion inhibition of the metal with the 

formation of a protective layer of adsorbed species at 

the metal surface
28,29

. It is clear from Tafel and LPR 

plots that both the anodic and cathodic current values 

were considerably increased in uninhibited 1 N HCl 

solution compared with those obtained for inhibited  

1 N HCl solution. This observation can be explained 

with an increase in surface area of the MS because of 

the excess dissolution of iron. It is evident that the 

corrosion current density of the MS is much smaller 

when IMT is added to the aggressive solution and the 

corrosion potential is shifted in a cathodic direction. A 

decrease in the slope of cathodic current–potential 

line and an increase in the slope of the anodic 

current–potential line were observed in the inhibited 

solution when compared to those of the short 

immersion times. This indicates the modification of 

anodic and cathodic reaction mechanisms in inhibited 

solution with the immersion time. The formation of 

the surface inhibitor film on the MS surface provides 

considerable protection for the MS corrosion.  

 
Electrochemical impedance spectroscopy 

 Electrochemical impedance spectroscopy (EIS) 

provides a rapid and convenient way to evaluate the 

performance of the organic-coated metals and has 

been widely used for investigation of protective 

properties of organic inhibitors on metals. It does not 

disturb the double layer at the metal/solution 

interface
30,31

. Therefore, more reliable results can be 

obtained from this technique. Nyquist plots and the 

representative Bode diagrams for the MS electrode in 

1 N HCl solution at 30, 40 and 50°C and containing 

various concentrations of IMT after 30 min of 

immersion time are given in Figs 8-13, respectively. It 

is clear from these figures that in uninhibited solution, 

Nyquist plot yields a slightly depressed semi circular 

shape and only one time constant was observed in 

Bode format. This indicates the corrosion of the MS 

in the absence of inhibitor which is mainly controlled 

by a charge transfer process
32,33

. In the evaluation of 

Nyquist plots, the difference in real impedance at 

Table 1—Electrochemical parameters of mild steel with imidazolidine-2-thione in 1 N HCl at different temperatures 

 

Conc - Ecorr L.P.R βa βc Icorr C.R η 

(ppm) (mV) (Ω cm2) (mV dec-1) (mV dec-1) (µA cm-2) (mm/y) (%P) 

        

Temperature = 30oC 

 

Blank 473 45 88 89 425 0.57 ---- 

25 472 54 65 90 263 0.22 38 

50 481 68 65 74 179 0.08 57 

75 493 86 64 79 139 0.07 67 

100 501 94 72 50 88 0.06 79 
 

 

Temperature =  40°C 

 

Blank 483 30 104 136 1130 4.97 ---- 

25 500 32 92 126 734 3.32 35 

50 508 35 100 123 509 2.42 55 

75 513 37 97 105 407 1.07 64 

100 516 41 106 89 271 0.81 76 
 

 

Temperature =  50°C 

 

Blank 511 17 102 144 1460 6.24 ---- 

25 498 18 92 131 964 4.29 34 

50 506 20 95 126 686 3.17 53 

75 513 22 98 106 554 2.49 62 

100 514 24 104 89 380 2.07 74 
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lower and higher frequencies is commonly considered 

as a charge transfer resistance. The charge transfer 

resistance must be corresponding to the resistance 

between the metal and OHP (Outer Helmholtz Plane). 

The contribution of all resistances corresponding to 

the metal/solution interface, i.e., charge transfer 

resistance (Rct), diffuse layer resistance (Rd), 

accumulation resistance (Ra), film resistance (Rf), etc. 

must be taken into account. Therefore, in this study, 

the difference in real impedance at lower and higher 

frequencies is considered as the polarization 

resistance (Rp)
30-34

. The addition of IMT to the 

aggressive solution leads to a change of the 

impedance diagrams in both shape and size. A 

depressed semicircle at the high frequency part of the 

spectrum was observed and the capacitive loop 

appearing at high frequency region was attributed to 

the charge transfer resistance and the diffuse layer 

resistance. As seen from Nyquist plots at 30, 40 and 

50°C (Figs 8-10) and the representative Bode 

diagrams (Figs 11-13), the Rp values increased with 

the IMT concentration, which can be attributed to the 

formation of a protective layer at the metal surface, 

which becomes a barrier for the mass and the charge 

transfers. The values of polarization resistance and 

related percentage inhibition efficiency values, which 

were determined from the EIS, are listed in  

Table 2. The inhibition efficiency was calculated 

using the equation: 

 

ct* ct

ct*

IE% 100
RR

R

−
= ×  ...(2) 

 

 
Fig. 8—Nyquist plot for mild steel in 1 N HCl in the presence and 

absence of various concentrations of IMT at 30°C. 

 

Fig. 9—Nyquist plot for mild steel in 1 N HCl in the presence and 

absence of various concentrations of IMT at 40°C. 

 

 

Fig. 10—Nyquist plot for mild steel in 1 N HCl in the presence 

and absence of various concentrations of IMT at 50°C. 

 

 

Fig.11—Bode-phase plots of mild steel in 1 N HCl at 30°C. 
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where Rct* and Rct are values of the charge transfer 

resistance observed in the absence and presence of 

IMT. The Nyquist plot includes only one slightly 

depressed semi circle and the Rp value is larger. This 

indicates the formation of a compact and protective 

thin film on the MS surface. In this case, the MS 

corrosion could only take place on the free surface of 

the metal and/or within the pores; if the metal surface 

is fully covered, the corrosive species, i.e., dissolved 

oxygen, chloride ions, must diffuse along these pores 

to interact with the metal surface
34

. The values of both 

polarization resistance and corrosion inhibition 

efficiency (IE%) corresponding to the EIS and the 

LPR data are given in Tables 2 and 1. The IE% values 

obtained from the EIS are comparable and run parallel 

with those obtained from the LPR and the 

potentiodynamic polarization measurements.  

Effect of temperature 

 The effect of temperature on the various  

corrosion parameters Ecorr, Icorr and IE was studied  

in 1 N HCl at temperature range 30, 40 and 50°C in 

the absence and presence of different concentrations 

of inhibitor. Variation of temperature has almost no 

effect on the general shape of the polarization curves. 

The results are listed in Tables 1 & 2. An inspection 

of above tables shows that, as the temperature 

increased, the values of Icorr increases and inhibition 

efficiency and surface coverage decreases. This 

proves that the inhibition occurs through the 

adsorption of the inhibitor on the metal surface. 

Desorption is aided by an increase in temperature. 

The activation parameters for the corrosion process 

were calculated from Arrhenius-type plot according  

to the following equation 
 

Icorr = k exp (- aE

RT
) ...(3) 

 

where Ea is the activation energy, k is the frequency 

factor, T is the absolute temperature, and R is the gas 

 

Fig. 12—Bode-phase plots of mild steel in 1 N HCl at 40°C. 

 

 

Fig.13—Bode-phase plots of mild steel in 1 N HCl at 50°C. 

 

Table 2—AC impedance data of mild steel in 1 N HCl   

different temperatures 

 

Conc Rct Cdl Icorr n C.R η 

(ppm) (Ω 

cm2) 

(µF 

cm-2) 

(µA 

cm-2) 

 (mm/y) (%P)  

       

Temperature = 30°C 

       

Blank 305 132 85 0.80 0.998 ---- 

25 478 57 56 0.82 0.653 36 

50 683 49 38 0.84 0.442 55 

75 881 48 29 0.85 0.343 65 

100 1223 45 21 0.91 0.247 75 
 

 

Temperature = 40°C 

 

Blank 65 150 397 0.78 4.622 ---- 

25 98 95 242 0.81 2.807 34 

50 142 94 175 0.83 2.032 54 

75 179 65 139 0.85 1.613 63 

100 247 56 105 0.87 1.220 73 
 

 

Temperature =50o C 

 

Blank 37 181 593 0.76 6.902 ---- 

25 54 146 408 0.82 4.710 32 

50 77 129 337 0.80 3.923 53 

75 94 111 285 0.82 3.312 59 

100 121 94 214 0.83 2.474 69 
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constant. Values of apparent activation energies of 

corrosion (Ea) for mild steel in 1 N HCl without and 

with various concentration of IMT determined from 

the slope of ln (Icorr) versus 1/T plot (Fig. 14) are 

shown in Table 3. Inspection of the data shows that 

the activation energy is lower in the presence of 

inhibitor than in its absence. The decrease of Ea value 

with IMT concentration (Table 3) is typical of 

physisorption. This was attributed to slow rate of 

inhibitor adsorption with a resultant closer approach 

to equilibrium during the experiments at higher 

temperature, as reported by Hoar and Hollyday
35

. 

Riggs and Hurd
36

 explained that the decrease in the 

activation energy of corrosion at higher levels of 

inhibition arises from a shift of the net corrosion 

reaction from the uncovered part on the metal surface 

to the covered one. 
 

 An alternative formulation of Arrhenius equation is 

 

Icorr = 
RT

Nh
exp(

o
aS

R

∆
)exp(-

o
aH

RT

∆
) ...(4) 

 

where h is plank's constant, N is Avogadro’s number 
o
aS∆  is the entropy of activation and o

aH∆
 
is the 

enthalpy of activation. A plot of ln (Icorr/T) against 1/T 

gave a straight line with a slope of - o
aH∆ /R and an 

intercept (lnR/Nh+ o
aS∆ /R) from which the values of 

o
aH∆ and o

aS∆ were calculated (Fig. 15). The positive 

signs of the enthalpies ( o
aH∆ ) reflect the endothermic 

nature of steel dissolution process. Large and negative 

values of entropies ( o
aS∆ ) imply that the activated 

complex in the rate determining steps represents the 

association rather than dissociation step, meaning that 

a decrease in disorder takes place on going from 

reactant to the activated complex
37

. 

Adsorption isotherm 

 Adsorption plays a very important role in the 

inhibition of metallic corrosion by organic molecules. 

Many investigators have used Langmuir
’ 

adsorption 

isotherm to study inhibitor characteristics assuming 

that the inhibitors adsorbed on the metal surface 

decrease the surface area available for electrode 

reactions to take place
38,39

. The values of surface 

coverage(θ) related to different concentrations of the 

inhibitor IMT in 1 N HCl
 
obtained from the Tafel 

polarization or EIS measurements in the temperature 

range 30, 40 and 50°C have been used to explain the 

Table 3—The value of activation parameters, Ea, ∆Haº, ∆Saº for 

mild steel in 1 N HCl in the absence presence of different 

concentrations of IT  

 

Conc Ea ∆Haº - ∆Saº R2 

(ppm) (kjmol-1) (kjmol-1) (jmol-1K-1)  

     

Blank 1.34 1.42 182.74 0.94 

25 1.28 1.35 186.15 0.94 

50 1.24 1.29 189.23 0.95 

75 1.20 1.26 190.89 0.95 

100 1.14 1.19 194.01 0.94 
 

 
 

Fig. 14—Arrhenius plots of ln (Icorr) versus 1/T at different 

concentrations of IMT: a, blank; b, 25 ppm; c, 50 ppm; d, 75 ppm; 

e, 100 ppm. 

 

 
 

Fig. 15—Arrhenius plots of ln (Icorr)/T versus 1/T at different 

concentrations of IMT: a, blank; b, 25 ppm; c, 50 ppm; d, 75 ppm; 

e, 100 ppm. 
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best isotherm to determine the adsorption process. 

The adsorption of organic corrosion inhibitor onto 

metal-solution interface is a substitutional adsorption 

process between organic molecules and the metallic 

surface. In the temperature range studied, the best 

correlation between the experimental results and the 

isotherm functions was obtained using Langmuir 

adsorption isotherm. The Langmuir isotherm for 

monolayer adsorption
40

 is given by the equation  
 

1

θ

− θ
= KCinhi  …(5) 

 

On rearranging this equation gives 
 

inhi
inhi

1C
C

K
= +

θ
     …(6) 

 

where θ is the surface coverage degree, Cinhi is the 

inhibitor concentration in the electrolyte and K is the 

equilibrium constant of the adsorption process. The 

correlation coefficient (R
2
) was used to choose the 

isotherm that best fit experimental data. The plot of 

Cinhi/θ against Cinhi of IMT in 1 N HCl gives a straight 

line as shown in Fig. 16. 

 The free energy of adsorption ∆Gads is calculated 

using the relation, 
 

∆Gads = -RT ln[
55.5

(1 )C

θ

− θ
]   ...(7) 

 

where C is the concentration of the inhibitor 

expressed in ppm. The negative value of ∆Gads 

ensures the spontaneity of adsorption process and 

stability of the adsorbed layer on the mild steel 

surface. Generally the value of ∆Gads around  

-20 kJmol
-1

 or lower are consistent with 

physisorption, while those around -40 kJmol
-1

 or 

higher value involve chemisorption
41

. The values of 

∆Gads for IMT are given in Table 4 and these values 

indicate that the molecule are physisorbed. The hetero 

atoms of the inhibitor molecule make it adsorbed 

readily on the metal surface forming an insoluble 

Table 4—Free energy of adsorption of inhibitor (IT) for corrosion of mild steel in 1 N HCl 
 

Temp (ºC) ∆Gads(kJ mol-1) and Kads(mol-1) 

 Inhibitor conc: (ppm) 

 25 50 75 100 
         

30 -6.411 2296 -6.619 2078 -6.649 2526 -7.135 3060 

40 -6.393 2103 -6.733 2301 -6.646 2527 -7.100 2759 

50 -6.355 1920 -6.840 2040 -6.406 2418 -6.805 3061 

 

Fig. 16—Langmuir adsorption isotherm for Mild steel in 1 N HCl 

in the absence and presence of IMT at 30, 40 and 50°C. 
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stable film on the metal surface thus decreasing metal 

dissolution. 

 The probable mechanism of the cathodic hydrogen 

evolution reaction may be given as follow; 
 

Fe + H
+ 
↔

 
[FeH

+
]ads 

 

[FeH
+
]ads + e

- 
→ [FeH]ads  

 

[FeH]ads + H
+ 

+
 
e

- 
→ Fe + H2 

 

The protonated IMT molecules are adsorbed at 

cathodic sites in competition with hydrogen ions and 

hence reduced the H2 gas evolution. 
 

Conclusions 

 From the study the following conclusions can be 

drawn  

(i) The inhibitor molecules show high inhibitive 

efficiency for corrosion of mild steel in 1 N 

HCl. 

(ii) The percentage inhibitive efficiency of the 

inhibitor increases with its concentration and 

decreases with increase in exposure time and 

temperature. 

(iii) The degree of surface coverage exerted by the 

inhibitor molecules on the mild steel surface 

increases with the inhibitor concentrations. 

(iv) Polarization studies reveal that IMT acts as 

mixed type inhibitor. 

(v) The inhibitor molecules are adsorbed on the 

mild steel surface blocking the reaction sites. 

The surface area available for the attack of the 

corrosive species decreases with increasing 

inhibitor concentrations and temperature. 
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