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Abstract: Corrosion inhibition of carbon steel in 1 M HCl by thymol blue was investigated using weight loss, 
potentiodynamic polarization, electrochemical impedance spectroscopy (EIS) and electrochemical frequency 
modulation (EFM) techniques. The results indicate that this compound inhibited the corrosion process in the 
medium by virtue of adsorption and inhibition efficiency improved with increasing its concentration. Inhibition 
mechanism was deduced from the temperature dependence of the inhibition efficiency as well as from activation 
parameters that govern the process. Polarization results revealed that thymol blue acts as mixed type inhibitor. 
Adsorption of thymol blue on the carbon steel was found to obey the Langmuir adsorption isotherm. The 
phenomenon of physical adsorption is proposed from the obtained thermodynamic parameters. The surface of C-
steel was examined by both scanning electron microscopy (SEM) and energy dispersive X-ray (EDX). 
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1. Introduction 

C-steel is a widely use alloy around the world. 
Although it is good properties and relatively cheap 
coast, it has a low resistance toward corrosion. 
Corrosion is considered to be one of the most 
annoying problems which affect the economy, 
environment and safety. One of the most famous 
techniques that uses to prevent corrosion is the usage 
of the organic inhibitors, a lot of studies carried out to 
study the corrosion inhibition using organic 
compounds[1-6]. Organic compounds specially that 
contains oxygen, sulfur and nitrogen elements have a 
great tendency toward inhibition of corrosion and 
widely used in industrial acid cleaning, acid de-
scaling, acid pickling and oil well acidizing in order 
to restrain the corrosion attack on metallic 
materials[7-11]. Usually the inhibition mechanism 
for those compounds is by displacing water 
molecules on the surface and forming a compact 
barrier film via physisorption mechanism [12], The 
presence of no bonded (one pair) and π- electrons in 
alkenes, alkynes and aromatic rings in inhibitors may 
involve in chemisorption and the strength of the bond 
is depending on electron density and polarization of 
the donor atom of the functional group[13]. 

 
2.Experimental Method 
2.1. Materials, chemicals and solutions 

All experiments were running with carbon steel 
metal which it is chemical composition (weight 
%):0.200 C, 0.350 Mn, 0.024P, 0.003 S, and the 
remainder Fe.Corrosive solution (1 M HCl) solution 
was prepared by dilution of analytical grade (37%) 
HCl with bidistilled water. Stock solutions (10-3 M) 
of thymol blue were prepared by dissolving an 

accurately weighed quantity of it in an appropriate 
volume of water, and then the required 
concentrations range (5×10-6 to 15×10-6) were 
prepared by dilution with bidistilled water. 

 

 
4-[9-(4-hydroxy-2-methyl-5-propan- 2-yl-phenyl)-
7,7-dioxo-8-oxa- 7λ6-thiabicyclo [4.3.0] nona-1,3,5-
trien-9-yl]- 5-methyl-2-propan-2-yl-phenol (Thymol 
blue) Molecular formula C27H30O5S, Molecular 
weight 466.59 g/mol 
 
2.2. Weight loss measurements 

Weight loss measurements were carried out at 
various temperature (25 to 50°C) for 3 hours, using a 
seven carbon steel coupons with rectangular form 
(2.5 x 2 x 0.2 cm) and 0.3 cm diameter hole for 
mounting by a glass rod. C-steel coupons were 
treated with emery paper (grades 320, 800 and 1200) 
to give a mirror-like surface, then washed with 
bidistilled water and acetone[14], after getting it’s 
accurate weight in dry condition, C-steel coupons 
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were immersed in 100ml beaker contains 100 ml HCl 
with and without the additional of different 
concentrations of Thymol blue. After the specified 
periods of time, the specimen were taken out of the 
test solution, rinsed with bidistilled water, dried as 
before and weighed again accurately. The average 
weight loss at a certain time for each set of the seven 
samples was taken. The weight loss was recorded to 
nearest 0.0001g.Inhibition efficiency was calculated 
from the following relations [15] 

%IE = θ × 100 = [1-(W/W°) ×100 (1) 
Where W° and W are theweight losses in the 

absence and presence of inhibitor, respectively. 
2.3 Electrochemical techniques 
Electrochemical measurements, including 

potentiodynamicpolarization, (EIS) and EFM were 
performed in a three-electrode cell at room 
temperature (25°C).The counter electrode is a 
platinum electrode, thereference electrode is saturated 
calomel electrode (SCE) coupled to a fine Luggin 
capillary and the working electrode is prepared from 
C-steel as a square specimen sealed with epoxy 
(PTFE) to give a surface area of 1cm2. 

Electrochemical measurements were performed 
by using Gamry (PCI 300/4) instrument Potentiostat / 
Galvanostat/ZRA which includes a Gamry frame 
work system based on ESA400. Gamry applications 
include DC 105 for corrosion measurements and EIS 
300 for electro chemical impedance spectroscopy and 
EFM 140 software along with a computer for 
collecting data, ECHEM analyst 5.58 software was 
used for plotting, graphing and fitting data. 

 
3.Results and Discussion 
3.1 Weight loss measurements 

Figure (1) shows the weight loss-time curves for 
C-steel in 1M HCl in the absence and presence of 
different concentrations of the Thymol blue at 25oC. 
It is obvious that the weight loss of carbon steel in the 
presence of Thymol blue varies linearly with time, 
and is much lower than that obtained in blank 
solution. The linearity obtained indicated the absence 
of insoluble surface film during corrosion and that 
the Thymol bluewas first adsorbed onto the metal 
surface and, therefore, impede the corrosion process 
[16]. The inhibition efficiency (%IE) and the surface 
coverage (Ѳ) were calculated using equation (1) 
Table (1) shows the inhibition efficiency (% IE) and 
surface coverage value (Ѳ)obtained at 25°C for the 
investigated Thymol blue. The data of Table (1) 
indicated that the inhibition efficiency increases with 
increasing the Thymol blueconcentration. This 
behavior could be attributed to increase of the 
number of adsorbed molecules at metal surface [17].  
 
 

3.2 Potentiodynamic polarization measurements 
Before each Tafel experiment, the carbon steel 

electrode was allowed to corrode freely and its open 
circuit potential (OCP) was recorded as a function of 
time up to 30 min at potential of -1.5 V in order to 
reduce the pre-immersion oxide film covered the 
surface of the electrode. After this time a steady-state 
OCP, corresponding to the corrosion potential (Ecorr) 
of the working electrode, was obtained. The 
potentiodynamic Tafel measurements were started 
from cathodic to the anodic direction,E = Ecorr±250 
mVSCE, with a scan rate of 1 mVs-1. To calculate the 
efficiency stern Geary method [18] was applied to 
calculate corrosion current by extrapolation of anodic 
and cathode Tafel lines to a point which gives Log 
icorr and the corresponding corrosion potential (Ecorr) 
for the blank and in presence of different 
concentrations of the Thymol blue.Inhibition 
efficiency (%IE) and degree of surface coverage (θ) 
can bedetermined using equation (2)[19-20]: 
%IE= θ×100 = [1-(icorr(inh) / icorr(free)) ] ×100 (2) 
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Figure 1. Weight loss-time curves for the corrosion 
of C-steel in 1 M HCl in the absence and presence of 
different concentrations of thymol blue at 25oC 

 
Table (1): Surface coverage (θ) and inhibition 
efficiency (%IE) at different concentrations of 
Thymol Blue for the corrosion of C-steel after 120 
min immersion in 1 M HCl at 25°C 

Conc.x 106
,
 M θ %IE 

5 0.470 47.0 
7 0.543 54.3 
9 0.619 61.9 
11 0.685 68.5 
13 0.730 73.0 
15 0.793 79.3 
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where icorr (free): represent the corrosion current 
density in the absence of inhibitor and icorr(inh): 
represents the corrosion current density in presence 
of inhibitor. Figure (2) indicated that by increasing 
the inhibitor concentration both cathodic and anodic 
current decreases with respect to the blank curve, 
which indicates a mixed type inhibitor is present [21-
22], and we could expect that both anodic metal 
dissolution and cathodic H2reduction reactions rates 
are decreasing more by increasing the inhibitor 
concentration. Table (2) shows the obtained values of 
corrosion current density (icorr.), corrosion potential 
(Ecorr.), Tafel slopes (βa and βc), degree of surface 
coverage (θ) and inhibition efficiency (%IE) with the 
different concentrations of the investigated Thymol 
blue. The data provide in thisTable indicate that the 
corrosion current density (icorr.) decreases with 
increasing the concentration of inhibitor while the 
values of βa&βc have very less deviation and almost 
parallel upon the addition of the investigated Thymol 
blue which indicates that Thymol blue doesn’t 
change the corrosion mechanism[23] of the C-steel in 
1 M HCl solution, but it blocks active metal sites for 
both anodic and cathodic processes. The small 
change of Ecorr with increase of the concentration of 

Thymol blue indicates that this compound is mixed 
type inhibitor. 
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Figure2. Potentiodynamic polarization curves for the 
dissolution of C- steel in 1 M HCl in the absence and 
presence of different concentrations of thymol blue at 
25oC  

 
Table (2):Effect of thymol blue concentrations on the free corrosion potential (Ecorr), corrosion current density (jcorr),, 
Tafel slopes (βc, βa), polarization resistance (Rp), corrosion rate (kcorr), degree of surface coverage (θ), and inhibition 
efficiency (%IE) of C- steel in 1 M of HCl at 25ºC 

%IE Θ 
kcorr 

mmy-1 
βa 

mV dec-1 
βc 

mV dec-1 
-Ecorr 

mV vs SCE 
icorr 

mA cm-2 
Conc 
M 

  767.5 100.7 154.8 462 16.8 Blank 
14.8 0.148 651.9 160.2 182.8 516 14.3 7 ×10-6 
26.2 0.262 568.1 146.8 167.2 581 12.4 9×10-6 
54.8 0.548 347.0 120.0 141.1 521 7.59 11×10-6 
69.3 0.693 234.6 103.2 138.0 503 5.13 13×10-6 
83.5 0.835 126.8 92.8 123.8 496 2.78 15 ×10-6 

 
3.3 Electrochemical impedance spectroscopy 

(EIS) measurements 
The impedance diagrams are given in the 

Nyquist and Bode representations.The inhibition 
efficiency (%IE) and the surface coverage (θ) of the 
investigated inhibitor obtained from the impedance 
measurements can be calculated by applying the 
following relations: 
% IE = θ x 100 = [(Rct - R

o
ct) / Rct] x 100   (3) 

Where Ro
ct and Rct are the charge transfer 

resistance in the absence and presence of the 
inhibitor, respectively 

Figure (3a, b) shows EIS spectra in the form of 
a Nyquist diagram (a) and Bode (b) recorded on a C-
steel electrode in 1 M HCl solution in the absence 
and presence of the investigated compound at 
different concentrations at25°C.The Nyquist plots (a) 
showed that the diameter of the semicircle increases 

with the increase in inhibitor concentration in the 
electrolyte, which indicating an increase in corrosion 
resistance of the material, the deviation from the 
perfect circular shape is related to heterogeneity due 
to the microscopic roughness of the electrode surface 
and inhibitor adsorption[24-25].The capacitive loop 
at high frequencies represents the phenomenon 
associated with the double electric layer. It arises 
from the time constant of electrical double layer and 
the charge transfer in corrosion process [26]. The 
large capacitive loop makes an angle with the real 
axis and its intersection gives a resistance of the 
solution (Rs) enclosed between the working electrode 
and the counter electrode [27]. The presence of 
inductive loop may be attributed to the relaxation 
process obtained by adsorption species onto the 
electrode surface. The impedance spectra of the 
different Nyquist plots were analyzed by fitting the 
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experimental data to a simple equivalent circuit 
model as given in Figure (4) for C-steel, which 
includes the solution resistance Rs and the double 
layer capacitance Cdl which is placed in parallel to the 
charge transfer resistance Rct[28] and Cdl is the 
constant phase element. The main parameters 
deduced from the analysis of Nyquist diagrams are: 
The resistance of charge transfer Rct (diameter of 
high frequency loop) and the capacity of double layer 
Cdlwhich is defined as: 

ctmax R f 2

1


dlC

   (5) 
where f is the maximum frequency. Table 

(3) is given the EIS data of C-steel in 1 M HCl with 
absence and presence of different concentrations of 
inhibitor at 25OC.The tabulated data indicate that by 
adding more of the investigated inhibitor Rct values 
increase while Cdl values decrease, which refer to an 
increasing in thickness of electrical double layer 
which may corresponding with a decreasing in local 
dielectric constant, the higher Rct value is indicating 
the lower corrosion state[29-30 ]. 

 
Table (3): EIS parameters for the corrosion of C-steel 
in 1 M HCl in the absence and presence of different 
concentrations of thymol blue at 25°C 

% IE θ 
Cdl, 
μF cm-2 

Rct 
Ω cm2 

Conc., 
M 

------- ----- 14.15 14.81 Blank 
20.1 0.201 12.89 18.554 7 ×10-6 
28.6 0.286 11.909 20.74 9×10-6 
36.2 0.362 9.212 23.23 11×10-6 
53.8 0.538 7.93 32.11 13×10-6 
77.1 0.771 4.23 64.77 15 ×10-6 
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Figure 3a. The Nyquist plots for the corrosion of C-
steel in 1 M HCl in the absence and presence of 
different concentrations of thymol blue at 25oC 
 

 
Figure 3b. Bode plots for the corrosion of C-steel in 
1 M HCl in the absence and presence of different 
concentrations of thymol blue 25oC 
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Figure (4): Equivalent circuit model used to fit 
experimental EIS data recorded for C-steel electrode 
in 1 M HCl 
 
3.4 Electrochemical frequency modulation (EFM) 
measurements 

Electrochemical frequency modulation (EFM) is 
a nondestructive technique that can directly and 
rapidly give values of the corrosion current without a 
prior knowledge of Tafel constants. Causality factor 
is consider to be it is strength point as it serve as an 
internal check on the validity of the EFM 
measurements.[31,32]. With the electrochemical 
modulation technique (EFM), a potential perturbation 
by two sine waves of different frequencies is applied 
to the system. As a corrosion process is non linear in 
nature, responses are generated at more frequencies 
than the frequencies of the applied signal. The current 
responses can be measured at zero, harmonic, and 
intermodulation frequencies.EFM 140 software was 
used for recorded the obtained EFM spectra. Analysis 
of these current responses can result in the corrosion 
current density and Tafel parameters. Inhibition 
efficiency and surface coverage can be determined 
using the relation (6): 
%IE= θ ×100 = [1-(icorr(inh)/ icorr(free)) ] ×100 (6) 
where icorr(free) andicorr(inh)are the corrosion current 
densities in the absence and presence of inhibitor, 
respectively. Figure (7a, b) shows the EFM spectra 
for C-steel in 1 M HCl and in the presence 15x10-6 M 

Rct 
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of at Thymol blue at 25°C. EFM results are spectrum 
of current that response as a function of frequency, 
the large peaks were used to calculate the corrosion 
current density (icorr), Tafel slopes (βc&βa) and 
causality factors (CF-2 and CF-3) calculated values 
are given in Table (5).As shown from Table (5), the 
more the inhibitors concentration increase the less 
that icorr value obtained, in other words the more we 

add the investigated organic compounds we have less 
corrosion rate; we could easily notice that % IE 
values are increasing by increasing the Thymol blue 
concentration and the causality factors also indicate 
that the measured data are of good quality. We could 
also notice that the %IE values which obtained by 
EFM technique, EIS, polarization and weight loss are 
almost in the same range. 

 
Table (4): Electrochemical kinetic parameters obtained from EFM technique for C-steel in 1 M HCl in the absence 
and presence of different concentrations of thymol blue 

% IE θ 
C.R. 
mmy-1 

CF-3 CF-2 
βc 
mV dec-1 

βa 
mV dec-1 

icorr 
µA cm2 

Conc 
M 

  273.5 3.206 1.93 113 97 598.7 Blank 
55.4 0.350 117.9 2.629 2.14 59 46 389.4 7 ×10-6 
81.6 0.449 150.9 2.972 2.23 43 40 330 9×10-6 
50.6 0.506 135.2 2.882 1.92 37 34 295.9 11×10-6 
55.4 0.554 122.1 2.957 2.019 97 87 267.2 13×10-6 
81.6 0.816 50.37 3.15 2.089 75 63 110.2 15 ×10-6 

 

 
Figure (5a): EFM spectra for C-steel in 1 M HCl (Blank) in absence of Thymol blue 

 

 
Figure (5b): EFM spectra for C-steel in 1 M HCl in presence of 15× 10-6 M of Thymol blue 
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3.5 Scanning electron microscopy (SEM) studies 
Figure (6) contain 2 different SEM micrographs 

of C-steel samples. First sample Fig (6a,b) showing 
the surface of the C-steel alone with no any addition 
of inhibitor or electrolyte, Fig 6bshowing the C-steel 
surface in the presence of the 1 M HCl only with no 
any addition of inhibitor blank, while Figure6c 
represents the SEM micrographs of C-steel in 
presence of 1 M HCl and 15×10-6 M of Thymol Blue. 
We could notice that in Figure6b it is clearly shown 
the formation of pits, cracks and corrosion products 
in C- steel surface, while in Figure 8c it minimized 
with the presence of the 15×10-6 M of Thymol blue, 
also the smoother surface in the Figure 6c indicating 
the adsorbing of the previous noticed inhibitor on the 
C-steel metal to form a passive layer which will 
block the active sites on the C-steel surface leading to 
decrease the rate of corrosion. Or due to the 
involvement of inhibitor molecules in the interaction 
with the reaction sites of C-steelalloy surface, 
resulting in a decrease in the contact between C-
steelalloy and the aggressive medium and 
sequentially exhibited excellent inhibition effect [33]. 
 
3.6 Energy dispersiveX-ray spectroscopy (EDX) 
studies 

EDX is using to determine the elements present 
on the surface of the metal such data will help to 
stimulate what happening on the surface of the metal 
in case of absence and the presence of electrolyte and 
inhibitor, Figure (7) shows 4 different spectra of 
EDXof C-steel samples (a, b,c) First sample Fig (9a) 
showing the surface of the C-Steel alone with no any 
addition of inhibitors or electrolyte, Fig (20 B) 
showing the C-steel surface in the presence of the 1 
M HCl only with no any addition of inhibitor, while 
Figure7c represents the SEM micrographs of C-steel 
in presence of 1 M HCl and 15×10-6 M of Thymol 
blue. Through the Figure 7c we could obtain 
additional lines indicating more C, S, O than in case 
of Figure 7 a, b which indicating the presence of the 
investigated Organic compounds on the surface of the 
C-steel. Exact analyzed details are given in Table (5). 

Through the analyzed data it become clear that 
in case of blank “absence of the investigated organic 
compounds “there is presence of C, O which 
indicates that the surface of the metal is covered with 
the Fe2O3 layer, while in case of additional of the 
investigated organic compounds we could obtain that 
(C, S, O) values increase which indicating the 
adsorbing of the inhibitors on active sites of the 
surface of C-steel.  

 

 
Pure sample (a) 

 

 
(b) 

 

 
In presence of Thymol blue (C) 

Figure (6) shows themicrographs of C-steel samples 
in present and absence of Thymol blue 
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Pure sample (a) 
 

Blank (b) 

Immersed in Thymol Blue (C) 
Figure 7. Show themicrographs of C-steel samples in 
present and absence of Thymol blue 
 
3.7. Adsorption Isotherms 

As discussed in the previous results, the 
investigated compounds show similar characteristics 
as most of organic inhibitor to be adsorb on to the 
metal surface and form a protective film, thus the 
studying of the adsorption isotherm would be very 
valuable as it would provide data to understand more 
the nature of the metal- inhibitor interaction. A 
number of mathematical relationships for the 
adsorption were applied. The experimental data give 
good curves fitting for the applied adsorption 
isotherm as the correlation coefficients (R2) were in 
the range 0.980-0.997 shown in Figure8. The 
Langmuir isotherm: 

(θ/1-θ) = KC                      (7) 
 
Table (5): Surface composition (weight %) of C-steel after 3 days of 3 days of immersion in a 1 M HCl solution in 
the absence of the investigated Thymol blue 
(Mass %) Fe Mn C O N Cl S Br 
Fresh sample 95.43 0.63 3.94 - - - - - 
Blank 65.45 0.57 3.32 30.15 - 0.51 - - 
Thymol Blue 62.72 0.54 20.87 13.96 - - 1.91  

 
Where θ is the surface coverage, K is 

equilibrium constant of adsorption process, Cis 
concentration of inhibitor. The equilibrium constant 
of adsorption can be related to the free energy change 
(∆G°

ads) by the following relation: 
Keqm = 1/55.5 exp -ΔG°ads/RT                   (8) 
where R is the universal gas constant, T is the 

absolute temperature, 55.5 is referring to the water 
concentration in solution in mol L-1. The data 
recorded in Table 6indicate that the adsorption of the 
investigated compound on the surface of C-steel 
surface is spontaneous process as the ∆GO

ads values 
have negative values[34-35]. The values of K were 
found to run parallel to the %IE Thymol blue. This 
result reflects the increasing capability due to 
structural formation on the metal surface [36].To 
obtain the values of, ∆HO

ads and ∆SO
ads a plot between 

Log Kads and 1/T was done shown in Figure (9) slope 
would be equal to the value (-∆HO

ads/R) according to 
the following equation [37]of van’t Hoff: 

LogKads = (- ∆H°ads / 2.303RT) + constant        (9) 
By obtaining the,∆H°adsvalue,the following 

equation [38]would be useful to obtain the values of, 
∆S°ads all estimated thermodynamic adsorption 
parameters for the studied compounds on carbon steel 
from 1M HCl solution were listed in Tables (6). 

∆G°
ads = ∆H°

ads - T∆S°
ads          (10) 

It is usually accepted that the value of ∆G°
ads 

around -20 kJ mol-1 or lower indicates the 
electrostatic interaction between charged metal 
surface and charged organic molecules in the bulk of 
the solution while those around -40 kJ mol-1 or higher 
involve charge sharing or charge transfer between the 
metal surface and organic molecules [39]. From the 
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obtained values of ∆G°
ads it was found the existence 

of comprehensive adsorption (physical and chemical 
adsorption). In this processes, the covalent bond is 
formed by the charge sharing or transferring from the 
inhibitor molecules to the metal surface [40-41], 
while the negative values of the ∆HO

ads referring to 
the adsorption of the investigated compounds on the 
surface of the metal are exothermic processes [42-43] 
the values of ∆SO

ads in the presence of the 
investigated compounds are large and negative as 
accompanied with exothermic adsorption 
processes.[44] 
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Figure (8): Langmuir adsorption isotherm of Thymol 
blue on C-steel surface in 1 M HCl at different 
temperatures 
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Figure (9): (log K) vs. (1/T) for the corrosion of C-
steel in 1 M HCl in the presence of Thymol blue 

3.8. Effect of temperature 
To study the effect of temperature on the rate of 

the corrosion toward C-steel in 1 M HCl in presence 
of The investigated compounds, the weight loss 
results which done in temperature range from 25 to 
50 OC were used, the results indicates that the 
corrosion rate increases due to increasing of the 
temperature and decreases with the increasing of 
Thymol blue concentration, to calculate the activation 
energy (E*

a) Arrhenius equation was used: 
kcorr=A exp (-Ea

*/ RT)             (11) 
where kcorr is the rate of corrosion and A is the 

Arrhenius constant.Values of activation energy 
Ea

*obtained by plotting log kcorr versus 1/T gave 
straight lines as shown in Figure 10.Transition state 
theory were used to calculate the values of (ΔH*, 
ΔS*) through the following equation 

kcorr = (RT/ Nh) exp (ΔS*/R) exp (-ΔH*/RT)   (12) 
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Figure10: Arrhenius plots for C-steel corrosion rates 
(kcorr) after 120 min of immersion in 1 M HCl in the 
absence and presence of various concentrations of 
Thymol blue 
 

where h is Planck’s constant and N is 
Avogadro's number. Figure 11 shows a plot of (Rate/ 
T) vs. 1/ T for C-steel in 1 M HCl at different 
concentrations of investigated compounds as shown 
in the plot the linear coefficient (R2) values are close 
to 1, the calculated values of E*

a, ΔH*and ΔS*are 
given in Table 7.The tabulated data indicated a strong 
adsorption for the investigated compounds on the 
surface of the metal, Ea

*values were increase more by 
increasing the concentrations of the used inhibitor, 
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therefore, we can conclude that the presence of this 
compound induce an energy barrier for the corrosion 
reaction and this barrier increases with increasing the 
concentration of Thymol blue. The positive signs of 
ΔH* reflect the endothermic nature of the steel 
dissolution process and the increasing of this values 
indicates the presence of an energy barrier for the 
corrosion process due to the existence of these 
additives i.e., the process of adsorption exhibits a rise 
in the enthalpy of the corrosion process. The entropy 
of activation (∆S*) in the absence and presence of 
inhibitors has negative values. This indicates that the 
activated complex in the rate determining step 
represents an association rather than dissociation, 
meaning that, a decrease in disordering takes place on 
going from reactants to the activated complex [45]. 
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Figure (11): Transition-state for C-steel corrosion 
rates (kcorr) in 1 M HCl in the absence and presence 
of various concentrations of Thymol blue 

 
3.9. Mechanism of corrosion inhibition 
The obtained data of weight loss and 

electrochemical methods gave approximately the 
same values of inhibition efficiency and indicate that 
by increasing the concentration of the investigated 
compound the inhibition efficiency increases. The 
essential effect of this compound as corrosion 
inhibitor is due to the presence of free electron pairs 
on the oxygen and sulfur atoms, π-electrons on the 
aromatic rings, molecular size, heat of hydrogenation 
and mode of interaction with the metal surface [46-
47].C-steel has co-ordination affinity towards O and 
S bearing ligands [48-49]. Hence, adsorption on C-
steel can be attributed to co-ordination through 
hetero-atoms and π-electrons of aromatic rings. 
Another striking feature for high inhibition 

performance of the studied compound is the presence 
of S-atom. The presence of S-atom in the inhibitor 
structure makes the formation of dπ-dπ bond 
resulting from overlap of 3d-electrons from C-steel 
atom the 3d vacant orbital of S-atom possible, which 
enhances the adsorption of the compounds on the 
metal surface. Thymol blue gives higher inhibition 
efficiency value, as it contains (3O, 1S atoms)and 
relatively higher molecular weight. This indicates the 
effect of the presence of S atom which enhances the 
delocalized π-electrons on the active centers of the 
compound. 
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