
www.rsc.org/advances

RSC Advances

This is an Accepted Manuscript, which has been through the 
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. This Accepted Manuscript will be replaced by the edited, 
formatted and paginated article as soon as this is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the Ethical guidelines still 
apply. In no event shall the Royal Society of Chemistry be held 
responsible for any errors or omissions in this Accepted Manuscript 
or any consequences arising from the use of any information it 
contains. 



1 

 

Graphical abstract 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0

200

400

600

800

1000

1200

0 200 400 600 800 1000 1200

-Z
i
(Ω

cm
2
)

Zr (ohm cm2)

1 M HCl

0.00005 M

0.0001 M

0.0005 M

0.001 M

0.005 M2.8118 Hz

3.7276 Hz

5.6816 Hz

7.3506 Hz

9.2888 Hz

11.996 Hz

Page 1 of 40 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



2 

 

Research Highlights 

1. Novel cationic surfactant has good surface properties. 

2. Novel cationic surfactant is a good inhibitor for carbon steel in 1 M HCl solution. 

3. By increase of the inhibitor concentration the inhibition efficiency increases. 

4. The techniques include weight loss, potentiodynamic polarization and EIS. 

5. Inhibitor act as a mixed-type inhibitor and its adsorption obeys Langmuir isotherm. 

 

 

Page 2 of 40RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



1 

 

Studying the corrosion inhibition of carbon steel in 

hydrochloric acid solution by 1-dodecyl-methyl-1H-
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Abstract 

A novel cationic surfactant 1-dodecyl-methyl-1H-benzo[d][1,2,3]triazole-1-ium bromide (1-

DMBT) was synthesized and its structure was confirmed by using 
1
HNMR and FTIR 

spectroscopic analysis. The surface tension and electrical conductivity of that surfactant were 

measured and its critical micelle concentration and some of its surface properties also were 

determined and discussed.  The inhibition performance of the prepared (1-DMBT) on the 

corrosion of carbon steel in 1.0 M HCl solution was investigated at different concentrations 

and temperatures by using weight loss, potentiodynamic polarization and electrochemical 

impedance spectroscopy. The obtained results revealed that the synthesized (1-DMBT) 

regards as a good corrosion inhibitor for carbon steel in HCl medium and acts mainly as a 

mixed-type inhibitor. The inhibition of (1-DMBT) efficiency increases with increasing its 

concentration but decreases with rise in temperature. Such inhibition is related to the 

adsorption of the surfactant on the metal surface and the adsorption process obeys the 

Langmuir isotherm.  

Keywords: Cationic surfactants; Acid inhibition; Adsorption; Thermodynamic. 
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1. Introduction 

Acidic solutions are generally used for the removal of rust and scales in pickling and 

petroleum industry [1-6]. Inhibitors are generally added to acid solutions used in these 

processes to control the metal dissolution. In addition, the most practical methods for 

protection against corrosion are the use of inhibitors especially in acidic media [7-8]. Most 

well-known acid corrosion inhibitors are organic compounds containing nitrogen, sulfur, and 

oxygen atoms; nitrogen-containing organic compounds are known to be efficient corrosion 

inhibitors in HCl solutions, while sulfur-containing compounds are sometimes preferred for 

H2SO4 solutions [8,9]. Among the various nitrogenous compounds used as inhibitors, 

triazoles are considered as environmental acceptable chemicals [10-14]. Many substituted 

triazole derivatives have been recently studied in considerable details as effective corrosion 

inhibitors for steel in acidic media [15–18]. The first step in the action of these compounds in 

acidic media is their adsorption on the metal surface [19-23].  

In the present work, we synthesized a new cationic surfactant based on tolyltriazole namely 

1-dodecyl-methyl-1H-benzo[d][1,2,3]triazole-1-ium bromide (1-DMBT), this surfactant was 

tested as a novel inhibitor for corrosion of carbon steel in 1.0 M HCl media at different 

inhibitor concentrations and temperatures using weight loss method. The inhibitive activity of 

1-DMBT also was examined via potentiodynamic polarization and (EIS) methods. Critical 

micelle concentration (Ccmc) and some surface properties of this novel inhibitor at 25
 o

C was 

determined and discussed.  

2. Materials and experimental techniques 

2.1. Materials 

The tested inhibitor, namely 1-dodecyl-methyl-1H-benzo[d][1,2,3]triazole-1-ium bromide, 

was synthesized from reaction of one mol 5-methyl-1H-benzo[d][1,2,3]triazole with one mol 
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1-bromododecane in ethanol at 70 
o
C for 24 h .The mixture was allowed to cool-down. The 

obtained pale brown precipitate product was further purified by diethyl ether then 

recrystallized from ethanol to form a white precipitate is of 1-dodecyl-5-methyl-1H-

benzo[d][1,2,3]triazol-1-ium bromide. The chemical composition of the used carbon steel in 

the present work is given in Table 1. All solutions used were freshly prepared from analar 

chemicals and doubly-distilled water. Chemical structure of the synthesized inhibitor (Fig. 1) 

was confirmed by FTIR and 
1
H NMR spectroscopy. FTIR analysis was carried out using 

ATI Mattson infinity series TM, Bench top 961 controlled by Win First TM V2.01 software. 

1
H NMR analysis was measured in DMSO-d6 using Joel ECA 500 MHZ NMR spectrometer. 

2.2. Surface tension and conductivity measurements 

Surface tension (γ) was measured by Du Nouy Tensiometer (Kruss Type 6) for various 

concentrations of synthesized surfactant 1-DMPT solutions. Doubly distilled water with a 

surface tension of 72 mN m
-1

 at 25 
o
C was used to prepare all surfactant solutions used. 

Surface tension (γ) of 1-DMPT at any concentration used was determined. 

An electrical conductivity meter (Type 522; Crison Instrument, S.A.) was used to measure 

the conductivity of surfactant solutions. Measurements were performed in a jacketed cell of 

knowing cell constant at 25±1
o
C. 

2.3. Corrosion measurements  

Weight loss measurements  

Firstly, the carbon steel sheets of 3 cm × 6 cm × 0.5 cm were polished successively with a 

series of emery papers (grades 320–500–800–1000–1200) washed with distilled water, 

degreased with acetone and finally dried at room temperature. The weight loss (mg cm
-2

) 

was determined by weighing the clean sheets before and after immersion in naturally aerated 

stagnant 1.0 M HCl solution without and with a given concentration of the inhibitor run  for 
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24 h at a given temperature ±1 
o
C  with help of an air thermostat. Each one was carried out 

in triplicate and the average value of the weight loss is reported.   

Electrochemical measurements 

Electrochemical experiments were conducted by using an Autolab 302 N. A conventional 

three-electrode cell containing a reference electrode (Ag/AgCl), a platinum wire counter 

electrode, and the working electrode. The working electrode was made from carbon steel 

rod with the same composition as given in Table 1. The rode is embedded in PVC holder 

using epoxy resin so that only its cross-section area (0.358 cm
2
) was exposed to the test 

solution. In each run, a clean set of electrodes and a freshly prepared solution was used at 

25±1
 o

C. Potentiodynamic polarization was performed by changing the electrode potential 

automatically (from -800 to -200 mV vs. Ag/AgCl) with a scan rate of 0.2 mV s
-1

.
 
The 

impedance experiments were carried out
 
at a frequency range (100k Hz to 0.2 Hz) with an 

amplitude of 4 mV peak-to-peak using ac signals at open circuit potentials and 25±1
o
C.  

3. Results and discussion  

3.1. Characterization of the synthesized 1-DMPT 

The chemical structure of the synthesized cationic surfactant in the Fig. 1 was confirmed by 

1
H NMR, 

13
C NMR, and FTIR spectra. 

1
H NMR spectrum 

 
The 

1
H NMR spectrum of the prepared surfactant is shown in Fig. 2. The spectrum revealed 

different bands at δ = 0.861 ppm (t, 3H, CH3(CH2)9CH2CH2N); δ = 1.216 (m, 18H, 

CH3(CH2)9CH2CH2N); δ = 1.635 (m, 2H, CH3 (CH2)9CH2CH2N); δ = 2.009 (m, 2H, 

CH3(CH2)9CH2CH2N); δ = 3.353 (s, 3H, CH3Ar); δ = 7.864 (d, 1H, 4-ArH); δ = 8.264 (d, 

2H, 3,6-ArH); δ = 8.340 (s, 1H, NH) the data of 
1
H NMR spectrum confirmed the expected 

hydrogen proton distribution in the synthesized 1-DMPT. 
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13
C NMR spectrum 

13
C NMR (DMSO) spectrum of 1-DMBT is shown in Fig. 3. The spectrum showed different 

bands at δ=13.756 ppm (NCH2CH2CH2(CH2)7CH2CH3); δ=16.792 ppm (NCH2CH2CH2-

(CH2)7CH2CH3); δ=39.250 ppm (NCH2CH2CH2(CH2)7CH2CH3); δ=28.671 ppm 

(NCH2CH2CH2(CH2)7CH2CH3); δ=21.303 ppm (NCH2CH2CH2(CH2)7CH2CH3); δ=58.142 

ppm (NCH2CH2CH2(CH2)7CH2CH3); 111.814, 115.050, 125.169, 127.195, 135.637, 138.164 

ppm (6 sets of toluidine-C); 25.496 ppm (Ar-CH3). The data of 
13

C NMR spectrum 

confirmed the expected carbon distribution in the synthesized 1-DMBT. 

FTIR spectrum  

The FTIR spectrum of 1-DMBT is presented in Fig. 4.  The data showed the following 

absorption bands at 716.86 cm
-1 

(CH2 rocking), 1361.40 cm
-1

 (CH2 deformation), 2851.50 

cm
-1

 (CH stretching), 1035.63 (C-N
+
), other band at 1117.22 cm

-1
 corresponding to (C-N), 

818.76 P-substitution of benzene ring, 1610.04 cm
-1  

(CH stretching) of benzene, 1461.31  

cm
-1 

(CH bending) of benzene. The FTIR spectrum confirmed the expected function groups 

in the prepared surfactant 1-DMBT.        

3.2. Surface active properties 

The surface tension 

The surface tension (γ) of solutions containing different concentrations of 1-DMBT(C) 

below and above its critical micelle concentration (Ccmc) was measured at 25 
o
C.  A 

representative plot of γ vs –log C of is shown in Fig. 4. It is clear that the surface tension 

decreases linearly with increasing the concentration of the surfactant up to its Ccmc But after 

Ccmc, the surface tension tends to remain nearly constant. This is a common behavior shown 

by surfactants in their solutions and is used to determine their micelle concentrations. The 

value of (Ccmc) of 1-DMBT obtained by this method is given in Table 2.  

Page 7 of 40 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



6 

 

Some surface properties such as maximal surface pressure (πcmc), surface excess (Γmax) and 

area per molecule (Amin) of 1-DMBT were calculated using the data obtained from the 

surface tension measurements. The value of πmax was calculated using the following 

equation: [24]. 

���� 	= 	 �� 	− 	����																														1�														 
where γo and γcmc are the surface tensions of pure water and that of the surfactant solution 

containing its Ccmc at 25 
o
C  , respectively. The calculated value of πcmc is listed in Table 2.  

The slope of the straight line in the surface tension plot (dy / dlogC) below Ccmc, was used to 

calculate the surface excess concentration of surfactant ions, Γmax, using the Gibbs adsorption 

equation [25]: 

��
� 	= 	− � 1
���� �

��
����	��																																2� 

where Γmax is the surface excess concentration of surfactant ions, R is gas constant, T is 

absolute temperature, C is concentration of surfactant, γ is surface tension at given 

concentration, and n is number of species ions in solution. 

The value of surface excess concentration was calculated and is listed in Table 2. It was 

found that the value of surface excess concentration value is high which could be due to the 

hydrophobic effect of the large carbon chain [26]. 

The minimal surface area per adsorbed molecule, (Amin) can be obtained as follows: 

���� = 	 10� 
��
�!" 																																						3� 

where NA is the Avogadro’s number and Γmax is the maximal surface excess of the adsorbed 

surfactant actions at the interface [27].  

The value of the area per molecule was calculated and recorded in Table 2. 
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Conductivity 

 The electrical conductivity (K) of different concentrations of 1-DMPT solutions were 

performed at 25 ºC. Plotting K vs concentration of concentration the surfactant gave two 

straight lines. One line for the concentration region below Ccmc and the second one above 

Ccmc concentration region [1, 13]. The intersection point between the straight lines gave the 

Ccmc while the ratio between the slopes of the two straight lines of the two concentration 

regions gave counter ion dissociation, β. Fig. 5 displays the K-C of the prepared surfactant at 

25 ºC, from which value of β  was calculated and is listed in Table 2. It was found that, there 

is an agreement between the values of Ccmc of 1-DMPT obtained using both surface tension 

and conductivity measurements.  

The standard free energy of micelle formation (∆G
o
m) 

The Ccmc of a surfactant is regarded as a measure of the stability of its micellar form relative 

to its monomeric form. In the charged pseudophase model of micelle formation, the standard 

free energy of micelle formation per mole of surfactant (∆G
o
m) is given by the following 

equation [28]:  

∆%�� 	= 	 	2	 − 	&�	��	 ln	�)*)�																																		4� 
where Ccmc is expressed in the molarity of the prepared surfactant and β is the counter ion 

dissociation obtained from conductivity measurements.  From the above equation, the value 

of (∆G
o
m) calculated and listed in Table 2. The negative sign of (∆G

o
m) indicating that 

micelle formation is thermodynamically forward for the prepared surfactant with longer 

carbon chain, and the micellization process proceeds spontaneously.  

3.3. Corrosion inhibition evaluation 

Potentiodynamic polarization 

Fig. 6 illustrates the potentiodynamic anodic and cathodic polarization for carbon steel in 

naturally aerated and stagnant 1.0 M HCl in the absence and presence of various 
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concentrations of 1-DMBT at a scan rate 0.2 mVs
-1

 and 25 
o
C. The addition of 1-DMBT to 

the acid solution reduces both the anodic and cathodic current densities indicating that the 

synthesized surfactant inhibits both the anodic dissolution of carbon steel and cathodic 

hydrogen evolution. The reduction in current densities enhances with increasing the 

concentration of the inhibitor. The Electrochemical kinetic parameters such corrosion 

potential (Ecorr), corrosion current density (jcorr), cathodic and anodic line slopes (βc and βa 

respectively) were obtained from Tafel lines and are listed in Table 3. The results indicate 

that jcorr decreases with increasing the 1-DMPT concentration, suggesting that this surfactant 

functions as a corrosion inhibitor for carbon steel in HCl solution. The inhibition function of 

1-DMPT is due to its adsorption on the electrode surface. The adsorbed species cover a 

fraction of the electrode surface and isolate it from the corrosion medium. The values of βc 

and βa are not significantly affected by changing the concentration of the inhibitor. This 

means that the presence of the inhibitor acts simply by blocking the anodic and cathodic 

active sites within the covered fraction of the electrode surface without affecting the 

mechanism of the corrosion reaction. The data duplicated in Table 3 show that the values of 

Ecorr slightly shift to more positive potentials with increasing the concentration of 1-DMPT. 

These results suggest that this surfactant functions as a mixed-type inhibitor that acts 

predominately on the anodic dissolution of the metal [29]. The inhibition efficiency (ηp) of 1-

DMPT obtained its different concentrations and 25 
o
C was calculated from equation [30]: 

,- =	.corr	−	.corro
.corr 					× 						100																																5� 

where jcorr and jcorr are the corrosion current densities for carbon steel electrode in the 

uninhibited and inhibited solutions, respectively.  

The calculated inhibition efficiencies are listed in Table 3. It is obvious that the inhibition 

efficiency of 1-DMPT increases with increasing its concentration. 
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Ac impedance 

EIS provides information on the resistive and capacitive behavior at the interface and makes 

it possible to evaluate the performance of the test compound as a corrosion inhibitor [30-32]. 

The impedance data for carbon steel in 1.0 M HCl without and with various concentrations of 

1-DMBT were recorded at OCP and 25 
o
C. Figs. 7 and 8 represent the Nyquist and Bode 

plots respectively.  Nyquist plots consist of capacitive depressed semicircles and often 

referred to as frequency dispersion. This frequency dispersion can be ascribed to the 

roughness of the solid surface [33]. The appearance of these of the capacitive semicircles 

suggests that the corrosion of carbon steel in 1.0 M HCl solution in the absence and presence 

of 1-DMPT is under charge-transfer control [34]. 

The addition of the prepared cationic surfactant to acid solution increases the diameter of the 

semicircle and hence charge transfer resistance (Rct) of the corrosion reaction [35,36]. 

Increasing the concentration of the inhibitor in HCl does not change substantially the shape of 

the semicircles confirming that this surfactant does not alter the mechanism of the corrosion 

reaction but inhibits the corrosion processes via increasing the surface coverage of the 

electrode surface by an isolating adsorption layer of inhibitor. One the other hand, Bode plots 

involve only one phase maximum revealing that, in all cases, the corrosion reaction is under 

charge transfer control and the corrosion process occurring through one step corresponds to 

one time constant [37]. It is clear that, maximum phase angles are less than -60
o
 indicates the 

non-ideal capacitive behavior at intermediate frequencies used [38]. Also the maximum phase 

angle increases and shifts to lower frequencies with increasing the inhibitor concentration, 

and this may be due to an increase in the surface coverage of the electrode surface by 

absorbed barrier layer of the inhibitor and consequently a decrease in the surface roughness 

[39]. 

Page 11 of 40 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



10 

 

The simple Randle’s equivalent circuit shown in Fig. 9 was modeled to fit the EIS data [40].  

This circuit consists of a parallel combination of a constant phase element (CPE) and the 

charge transfer resistance (Rct) in series connection with the solution resistance (Rs). The CPE 

element is used instead of the pure capacitor to reduce the effect of the roughness and the 

existence of adsorbed inhibitor species on the electrode surface [41]. CPE element represents 

the double layer capacitance (Cdl). The corrosion kinetic parameters as Rct and Cdl derived 

from EIS measurements are in given in Table 4. 

The inhibition efficiencies (ηI) were calculated for different concentrations of 1-DMPT at 25 

o
C using the following equation [42]: 

,4 = 5��6		7			��6��)8 9 × 100																													6� 
where R

o
ct and Rct are the charge-transfer resistance values in uninhibited and inhibited 

solutions respectively. 

 According to the data listed in Table 4. It is seen that value of Rct increases while that of Cdl 

decreases with increasing the inhibitor concentration. The inhibition efficiency of 1-DMPT 

increases with increasing its concentration in the acid solution. 

Weight loss 

The corrosion rate (k) in mg cm
-2 

h
-1

 and inhibition efficiencies (ηw) of 1-DMPT were 

calculated from weight loss measurements for carbon steel in aerated 1.0 M HCl without and 

with different concentrations of the inhibitor and different temperatures. The inhibition 

efficiency at any given concentration of the inhibitor and at any given temperature was       

calculated using the following equation [43]:  

,; 	= 	<= −<
<= 				× 100																						7� 
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where W
o
 and W are the weight loss of carbon steel in uninhibited and inhibited solution, 

respectively.  

The calculated data are listed in Table 5. Inspection of these data reveals that at a given 

temperature, the inhibition efficiency (ηw) enhances with increasing the inhibitor 

concentration. Moreover, it is seen that the three different techniques gave similar behavior 

in the absence and presence of the inhibitor. There is an agreement among the inhibition 

efficiencies ηp, ηI and ηw of 1-DMPT obtained from the three methods employed. 

On the other hand, at one and the same inhibitor concentration, the corrosion rate k, increases 

with an increase in temperature indicating the endothermic nature of the carbon steel 

corrosion in HCl solution. The inhibition efficiency (ηw) decreases with raising the 

temperature. This result could be explained on the basis that raising the temperature may 

shift the adsorption equilibrium towards desorption leading to a decrease in surface coverage 

and consequently a decrease in inhibition efficiency [44].  

Adsorption thermodynamic 

The Langmuir adsorption isotherm was found to fit well with the weight loss data obtained 

for 1-DMBT. This isotherm is expressed by the following equation at given temperature 

[45]:  

���?@ = 	 1
A
BC + ���?																																										8�	

where θ is fractional of the surface coverage (@ = 	 FG�HH�, Cinh is the inhibitor concentration, 

and Kads is the equilibrium constant of the adsorption process. 

The plot of Cinh /θ vs. Cinh gave a straight line as shown in  Fig. 11 with the regression 

coefficient (R
2
) higher than 0.9997, this suggests that the experimental data are well 

described by Langmuir adsorption isotherm. In this case, a single-layer of 1-DMBT species 

is formed on the electrode surface by the adsorption of the non-planar structure of these 
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species [46]. Reciprocal of intercepts of the straight line, gave the value of Kads. The obtained 

values of Kads are listed in Table 6. It is found that, the value of Kads decreases with raising 

the temperature. These values can be related to the standard Gibbs free energy of adsorption 

(∆G
o
ads) according to the following equation [46]:   

A
BC 	= 	 1
55.5 	JKL 5

−∆%
BC�
�� 9																												9� 

where R is the universal gas constant and T is the absolute temperature. The value 55.5 is the 

molar concentration of water.  

The high values of Kads refer to strong adsorption and good inhibiting effect [47, 48]. The 

negative values ∆G
o
ads demonstrated that 1-DMPT is spontaneously adsorbed on carbon steel 

surface [48]. It is suggested that the values of ∆G
ο
ads up to -20 kJ mol

-1
 reveal a physisorption 

while the values around -40 kJ mol
-1 

or smaller reveal a chemisorption [49, 50]. Regarding to 

the obtained value of ∆G
o
ads (35.31, 35.60, 36.58 and 36.74 kJ mol

-1
 at 25,40,55 and 70 

o
C, 

respectively), it seems that the adsorption of the cationic surfactant 1-DMPT on the carbon 

steel 1.0 M HCl is a mixed physical and chemical adsorption processes [50]. In this case, the 

chloride and bromide ions are chemically adsorbed on the metal surface. These processes 

render the electrode surface negatively charge and, therefore, allow electrostatic attraction 

between the surfactant cation and the electrode surface (physical adsorption). Moreover, the 

presence of heteroatoms having lone pairs of electrons and π-electrons in 1-DMPT assists the 

formation of coordinate bonds with vacant d-orbitals of the surface ion atoms (chemisorption) 

the adsorption enthalpy ∆H
o
ads can be calculated according to the Van’t Hoff equation: 

lnA
BC 	= 	−ΔO
BC�
�� + constant																							10� 

where ∆H
o
ads and Kads are the adsorption enthalpy and adsorption equilibrium constant, 

respectively. 
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The plot of lnA
BC against 1/T gave a straight line as shown in Fig. 12. From the slope of the 

line, the value of the standard adsorption enthalpy (∆H
o
ads) was calculated and given in 

Table 6. The negative sign of ∆H
o
ads reflects the exothermic nature of the adsorption 

process. 

Entropy of the inhibitor adsorption (∆S
o
ads) was calculated using the following equation: 

∆	%
BC� = ∆Oads� − 	�∆T
BC� 																							11� 
A positive value of ∆S

o
ads is attributed to the increase of disorder and this case may be due to 

the adsorption of only one surfactant species by desorption of more than one water molecule 

[50]. 

Comparison of inhibitory efficiencies of triazole derivatives 

The inhibitory efficiency of the synthesized cationic surfactant (1-DMBT) with those of 

previously published triazole derivatives are comparatively for carbon steel corrosion in 1 M 

HCl solution [48,49,51,52] are listed in Table 7. As can be seen in this table the inhibitory 

efficiencies of the synthesized cationic surfactant are comparable to or better than those of 

previously reported triazole derivatives at the same condition. The synthesized 1-DMPT is 

better than those of literature reported triazole derivatives at the same condition because1-

DMPT is a cationic surfactant based on triazole derivative, however, most triazole derivatives 

reported in the literature are ordinary organic compounds. Surfactants that lower the surface 

tension (or interfacial tension) between corrosive medium and steel surface and also act 

as dispersants. Surfactants are amphiphilic as they contain both hydrophobic groups 

(their tails) and hydrophilic groups (their heads) [53]. Therefore, surfactants up to critical 

micelle concentration (Ccmc) will diffuse out of the bulk water phase and are adsorbed at the 

interfaces between carbon steel and corrosive medium. On the other side, organic compounds 

will diffuse both in bulk solution and interface by the same rate nearly. In addition, surfactant 
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up to Ccmc form thin film on steel surface involved two inhibitive factors; one 

hydrophilic group involved hetero atoms and other water-insoluble hydrophobic group. 

 

4. Conclusions 

The novel cationic surfactant 1–DMPT was synthesized in our laboratory and its 

structure was confirmed by using 
1
H NMR, 

13
C NMR and FTIR spectroscopic analysis 

and some of its surface properties reveal that 1-DMPT acts a good surface active agent.  

 The inhibition function of this surfactant for the corrosion of carbon steel in 1.0 M HCl 

was studied by three different techniques, namely potentiodynamic polarization, EIS, and 

weight loss. The results obtained from the three techniques are similar and in a 

reasonable good agreement. The results reveal that 1-DMPT acts as a good corrosion 

inhibitor for carbon steel in HCl medium. The inhibitor acts as a mixed-type inhibitor 

and its inhibition is due to the adsorption and formation of an insulator layer on the 

electrode surface. The inhibitor efficiency of this inhibitor increases with increasing its 

concentration but decrease with increasing temperature. The thermodynamic parameters 

of adsorption, ∆G
ο
ads ∆H

o
ads and ∆S

o
ads reveal that the adsorption of 1-DMPT on carbon 

steel surface is physically and chemically together and obeys Langmuir isotherm. 
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Caption of figures 

Fig. 1. The chemical structure of the prepared cationic surfactant. 

Fig. 2. 
1
HNMR spectrum of 1-DMBT. 
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Fig. 3. 
13

CNMR spectrum of 1-DMBT. 

Fig. 4. FTIR spectrum of 1-DMBT. 

Fig. 5. Variation of the surface tension with logarithm concentration of the prepared cationic 

surfactant in water at 25 ºC. 

Fig. 6. The specific conductivity against concentrations of the prepared cationic surfactant in 

water at 25 ºC. 

Fig. 7. Nyquist plots for carbon steel in 1.0 M HCl in the absence and presence of different 

concentrations of 1-DMBT at 25 ºC. 

Fig. 8. The suggested equivalent circuit model for the studied system. 

Fig. 9. Bode and Phase diagrams for carbon steel in 1.0 M HCl in the absence and presence 

of different concentrations of 1-DMBT at 25 ºC.  

Fig. 10. Anodic and cathodic polarization curve for carbon steel in 1.0 M HCl in the absence 

and presence of different concentrations of 1-DMBT at 25 
o
C.  

Fig. 11. Influence Temperature difference for carbon steel in 1.0 M HCl in the absence and 

presence of different concentrations of 1-DMBT    

Fig. 12. Langmuir’s adsorption plots for carbon steel in 1.0 M HCl containing different 

concentrations of 1-DMPT at 25 
o
C. 

Fig. 13. The relation between ln Kads and 1/T for carbon steel in 1.0 M HCl containing 

different concentrations of 1-DMPT at 25 
o
C. 
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Table 1 

Chemical composition of carbon steel sample 

Element  C  Si  P  S  Ni  Mo  V  Al  Fe 

Content 

(wt. /wt.)% 

 0.07  0.18  0.03  0.06  0.02  0.004  0.002  0.04  Rest 
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Table 2 

Surface parameters of the synthesized cationic surfactant using surface tension and 

specific conductivity measurements at 25 ºC 

Property Surface tension measurements Conductivity measurements 

Ccmc 

M 

γcmc 

mN m
-1

 

πcmc 

mN m
-1

 

Γmax × 10
10 

mol cm
-2

 

Amin         

nm
-2

 

Ccmc 

M 

 β ∆G°m 

kJ mol
-1

 

Value 0.0042 29 43 2.5 0.64 0.0045 0.322 -20.58 
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Table 3 

Potentiodynamic polarization parameters for carbon steel corrosion in 1.0 M HCl in 

the absence and presence of different concentrations of the synthesized 1-DMBT at 25 

o
C 

Conc. of inhibitor  Ecorr  jcorr  βa  βc  ηp 

M  mV(Ag/AgCl)  mA cm
-2

  mV dec
-1

  mV dec
-1

  % 

0.00  -457  1.736  176  152  - 

5x10
-5

  -449  0.997  185  154  42.6 

1x10
-4

  -447  0.849  189  151  51.1 

5x10
-4

  -443  0.337  169  145  80.6 

1x10
-3

  -442  0.195  193  149  88.8 

5x10
-3

  -440  0.145  197  148  91.2 
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Table 4 

EIS parameters for corrosion of carbon steel in 1.0 M HCl in the absence and 

presence of different concentrations of the synthesized 1-DMBT at 25 ºC 

Conc. of inhibitor  Rs  Yo  n  Error of n 

 

 Rct  ηI 

M  Ω cm
2
  µΩ

−1
s

n
 cm

−2
    %  Ω cm

2
  % 

0.00  1.8  426  0.73  0.4  71  - 

5x10
-5 

 1.4  271  0.73  0.5  159  55.3 

1x10
-4 

 2.0  226  0.70  0.5  195  63.6 

5x10
-4 

 1.8  156  0.70  0.5  499  85.8 

1x10
-3 

 1.5  136  0.70  0.4  716  90.1 

5x10
-3 

 1.5  102  0.71  0.6  1195  94.1 
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Table 5 

Weight loss data for carbon steel 1.0 M HCl in the absence and presence of different 

concentrations of the synthesized (1-DMBT) at various temperatures 

Inhibitor 

Conc. 

(M) 

25 
o
C 40 

o
C 55 

o
C 70 

o
C 

k 

mg cm
-2 

h
-1

 

Ө ηw 

% 

k 

mg cm
-2 

h
-1

 

Ө ηw 

% 

k 

mg cm
-2

h
-1

 

Ө ηw 

% 

k 

mg cm
-2

h
-1

 

Ө ηw 

% 

- 1.2000 - - 2.4000 - - 3.5740 - - 7.7000 - - 

1×10
-5

 0.5761 0.519 51.9 1.6006 0.333 33.3 2.6348 0.262 26.2 6.3487 0.192 19.2 

5×10-5 0.2530 0.789 78.9 0.7602 0.683 68.3 1.6001 0.552 55.2 4.3924 0.429 42.9 

1×10
-4

 0.0609 0.910 91.0 0.2118 0.873 87.3 0.6543 0.767 76.7 2.6891 0.710 71.0 

5×10-4 0.0431 0.948 96.4 0.2319 0.903 90.3 0.4928 0.836 83.6 1.7357 0.774 77.4 

1×10
-3

 0.0315 0.973 97.3 0.1581 0.945 94.5 0.3834 0.892 89.2 1.3575 0.836 83.6 
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Table 6 

Standard thermodynamic parameters of the adsorption on carbon steel surface in 1 M 

HCl containing different concentrations of the synthesized 1-DMBT at various 

temperatures 

Temperature 

o
C 

Kads 

M
-1

 

∆G
o
ads 

kJ mol
-1

 

∆H
o

ads 

kJ mol
-1

 

∆S
o
ads 

Jmol
-1

 K
-1

 

25 27855.15 -35.31 -34.65 

 

 

118.36 

40 15723.27 -35.60 113.61 

55 9871.67 -36.58 111.42 

70 7022.47 -36.74 106.92 
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Table 7 

Comparison between inhibition efficiency of the synthesized cationic surfactant based 

on tolyltriazole derivatives investigated as corrosion inhibitors by other authors at the 

same conditions 

Inhibitor name Inhibition efficiency 

(%) 

Reference 

4-amino-5-(2-hydroxy)phenyl-4H-1,2,4,-triazole-3-thiol (AHPTT) 70.5 [48] 

4-amino-5-styryl-4H-1,2,4,-triazole-3-thiol (ASTT) 76.7 [48] 

4-salicylideneamino-3-methyl-1,2,4-triazole-5-thione(SAMTT) 76.0 [49] 

4-(2,4-dihydroxybenzylideneamino)-3-methyl-1H-1,2,4-triazole-

5(4H)-thione (DBAMTT)] 

79.0 [49] 

3,5-di(m-tolyl)-4H-amino-1,2,4-triazole (m-DTAT) 63.8 [51] 

3,5-di(m-tolyl)-4-amino-1,2,4-triazole (m-DTAT) 86.9 [51] 

3,5-diphenyl-4H-1,2,4-triazole (DHT) 84.1 [52] 

1-dodecyl-methyl-1H-benzo[d][1,2,3]triazole-1-ium       bromide 94.1 This work 
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Fig. 1 
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Fig. 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Page 29 of 40 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



28 

 

 

Fig. 3 
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Fig. 4 
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Fig. 5 
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Fig. 6 
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Fig. 7 
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Fig. 8 
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Fig. 9 
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Fig. 10 
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Fig. 11 
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Fig. 12 
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Fig. 13 
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