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Abstract 
The corrosion inhibition effect of novel cationic surfactant based on triazole 
derivatives on carbon steel in 7 M H3PO4 solution has been evaluated by weight loss, 
potentiodynamic polarization and electrochemical impedance spectroscopy (EIS) 
methods. The inhibition efficiency increases with increasing inhibitor concentration, 
but it decreases with increasing the temperature. The adsorption of inhibitor is mixed 
physical and chemical adsorption and found to obey the Langmuir adsorption 
isotherm. Data obtained from EIS studies were analyzed to model inhibition process 
through appropriate equivalent circuit model. Potentiodynamic polarization studies 
have shown that inhibitor acts as a mixed type of inhibitor. 
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1. Introduction 
The use of corrosion inhibitors is an important method to protect metallic materials 
against corrosion in acidic medium. Phosphoric acid (H3PO4) is widely used in the 
production of fertilizers and surface treatment of steel such as chemical and 
electrolytic polishing or etching, chemical coloring, removal of oxide film, 
phosphating, passivating, and surface cleaning. Most of the acid is produced from 
phosphate rocks by the so-called dihydrate wet process, equivalent to 7.0 M H3PO4 
(about 35% H3PO4) [1]. There is a great need to protect steel materials used in the 
phosphoric acid industry produced by dihydrate wet method process. However, little 
work appears to have been done on the corrosion inhibition of steel in 7.0 M H3PO4 
(35% H3PO4). Organic compounds containing N, O and S atoms are considered to 
be effective corrosion inhibitors. The effectiveness of organic inhibitors depends on 
the nature and the condition of the metallic surface, the chemical composition and 
structure of the inhibitor. The inhibitors which have N and S simultaneously provide a 
better inhibition performance [2]. The inhibitory action of the hetero compounds is 
usually attributed to their adsorptive interaction with the metal surface [3-5]. A bond 
may be formed between electron lone pairs and/or electron cloud of the donor atoms 
of the inhibitor and the metal surface, thereby reducing the corrosive attack in an acid 
medium [6]. The stability of the adsorbed inhibitor film on the metal surface depends 
on some physicochemical properties of the molecule related to their functional 
groups, aromaticity, the possible steric effects, electronic density of donor atoms, 
type of corrosive environment and the nature of the interaction between the p orbital 
of the inhibitors and the d orbitals of iron [7]. It has been proposed that n-alkyl-
quaternary ammonium salts act inhibition by adsorption on the metal surface, and the 
adsorption takes place through electrostatic attraction between positively charged N+ 
ion and the induced negative charges on the metal surface. Study of the inhibition 
actions of n-alkyl-quaternary ammonium compounds on the corrosion of steel is of 
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considerable interest due to its academic and industrial importance. 1-dodecyl-5-
methyl-1H-benzo[d][1,2,3]triazol-1-ium bromide is a new class of n-alkyl-quaternary 
ammonium salt. However, to the best of our knowledge, 1-dodecyl-5-methyl-1H-
benzo[d][1,2,3]triazol-1-ium bromide has not been used as a corrosion inhibitor in 7 
M H3PO4. However, no substantial information is available on the corrosion inhibition 
of quaternary ammonium salts in H3PO4 solution. 
In the present work, we are development of n-alkyl-quaternary ammonium salt based 
on triazole derivatives as corrosion inhibitors in 7.0 M H3PO4 produced by dihydrated 
wet process. The inhibition effect of novel cationic surfactant, namely, 1-dodecyl-5-
methyl-1H-benzo[d][1,2,3]triazol-1-ium bromide, on the corrosion of carbon steel in 7 
M H3PO4 was studied using weight loss, potentiodynamic polarization curves and 
electrochemical impedance spectroscopy (EIS) methods. Also, the effect of inhibitor 
concentration and temperature on the corrosion inhibition was discussed. Adsorption 
thermodynamic parameters are calculated and discussed in detail. 
 

2. Materials and experimental techniques 
2.1. Inhibitor 
A novel cationic surfactant used in this study was synthesized from reaction of one 
mol 5-methyl-1H-benzo[d][1,2,3]triazole with one mol 1-bromododecane in ethanol at 
70 oC for 24 h [8]. 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 white precipitate is called 1-dodecyl-5-methyl-1H-
benzo[d][1,2,3]triazol-1-ium bromide. 

 
Fig. 1. Chemical structure of the synthesized 1-dodecyl-5-methyl-1H-benzo[d][1,2,3]triazol-1-

ium bromide. 

Chemical structure of the synthesized inhibitor (Fig. 1) was confirmed by FTIR and 
1HNMR spectroscopy. FTIR analysis was carried out using ATI Mattson infinity series 
TM, Bench top 961 controlled by Win First TM V2.01 software. 1H NMR analysis was 
measured in DMSO-d6 using Jeol ECA 500 MHZ NMR spectrometer. 
2.2. Steel specimen  
Tests were performed on a carbon steel of the following chemical composition (wt. 
%): 0.28% C, 0.06% Ti, 1.40% Mn, 0.03% P, 0.03% S and the remainder is Fe.  
2.3. Electrochemical measurements 
The electrochemical experiments were carried out in a conventional three-electrode 
cell with a platinum counter electrode (CE) and a silver/silver chloride (RE) as a 
reference electrode. The working electrode (WE) was a rod of carbon steel 
embedded in PVC holder using epoxy resin so that the flat surface was the only 
exposed surface in the electrode. The area of the working exposure surface was 0.42 
cm2. This area was abraded with emery paper (grade 320-400-600-800-1000-1200) 
on the test face, rinsed with distilled water, degreased with acetone and dried. Before 
measurement, the electrode was immersed in a test solution at open circuit potential 
(OCP) for 30 min. until a steady state was reached. All Electrochemical 
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measurements were carried out using a VoltaLab 40 (PGZ301 & VoltaMaster 4) - 
(Radiometer Analytical- FRANCE) at 20 oC. 
EIS measurements were carried out as described elsewhere [9,10]. A small 
alternating voltage perturbation (5 mV) was imposed on the cell over the frequency 
range from 100 kHz to 30 mHz at open circuit potential at 20 oC. Simulation of 
Nyquist diagrams with the suggested model was done by ZSimWin program. 
The potentiodynamic polarization measurements were obtained by changing the 
electrode potential automatically from -800 to -300 mV vs. Ag/AgCl with scan rate 2 
mV s-1 at 20 oC. 
2.4. Weight loss measurements 
The carbon steel pipeline sheets of 6 cm x 3 cm x 0.4 cm were abraded with a series 
of emery paper (grade 320-400-600-800-1000-1200) and then cleaned successively 
with distilled water, ethanol and acetone, and finally dried in dry air. A&D analytical 
balance, (Model: HR 200, readability: 0.1 mg and standard deviation: ± 0.2 mg), was 
used for the gravimetric analysis. After accurately weighting, the samples were 
immersed in 100 ml of 1 M HCl solution with and without the addition of different 
concentrations of cationic surfactant at various temperatures. The temperature for 
weight loss measurements was controlled by water bath provided with thermostat 
control ±0.5 oC. The carbon steel specimens were taken out after 24 h and then 
rinsed with distilled water twice and degreased with acetone. Then specimens were 
immersed in 1 M HCl solution for 10s, (chemical method for cleaning rust products), 
rinsed twice with distilled water, ethanol, and acetone and finally dried in dry air and 
accurately weighted. The experiments were carried out in triplicates in order to give a 
good reproducibility and the average weight loss of three parallel carbon steel 
pipeline sheets was obtained. All tests in this paper were done under aerated 
conditions. 
 

3. Results and discussion 
3.1. Structure confirmation of the synthesized inhibitor 
FTIR spectroscopy 
FTIR spectrum of the synthesized cationic surfactant showed the following absorption 
bands at 716.86 cm-1 ((CH2)n rocking), 1249.31 cm-1 (CH3 symmetric bending), 
1461.31 cm-1 (CH2 asymmetric bending), 2851.50 cm-1 (CH symmetric stretching), 
2919.50 cm-1 (CH asymmetric stretching) and 1035.63 cm-1 (R4N

+), 1506.34 and 
1610.04 cm-1 (CH stretching of aromatic ring), 1361.40 cm-1 (CH3 rocking of benzene) 
and 3418.19 cm-1 (NH stretching). The data of FTIR spectrum confirmed the 
expected functional groups in the synthesized cationic surfactant. 
1H NMR spectroscopy 
1HNMR (DMSO–d6) spectrum of the synthesized cationic surfactant (Fig. 2) showed 
different bands at δ=0.8448 ppm (t, 3H, (CH3(CH2)9CH2CH2N

+); δ=1.2160 ppm (m, 
18H, CH3(CH2)9CH2CH2N

+); δ=1.6351 ppm (m, 2H, CH3(CH2)9CH2CH2N
+); δ=2.0090 

ppm (t, 2H, CH3(CH2)9CH2CH2N
+); δ=3.3528 ppm (s, 3H, CH3–toluidene nucleus); 

δ=7.8638 ppm (d, 1H, 4–benzene nucleus); δ=8.3404 ppm (s, 1H, 6–benzene 
nucleus); δ=8.3626 ppm (d, 1H, 3–benzene nucleus). The data of 1H NMR spectrum 
confirmed the expected hydrogen proton distribution in the synthesized cationic 
surfactant. 

http://www.radiometer-analytical.com/en_product_details.asp?pid=66
http://www.radiometer-analytical.com/en_product_details.asp?pid=66
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Fig. 2.

 1
HNMR spectrum of 1-dodecyl-5-methyl-1H-benzo[d][1,2,3]triazol-1-ium bromide. 

3.2. Electrochemical impedance spectroscopy 
Fig. 3 shows Nyquist plot for carbon steel in 7 M H3PO4 solution in the absence and 
presence of different concentrations of the synthesized inhibitor. Nyquist plot shows 
the depressed capacitive loop in the high frequency range, indicating that the 
corrosion of carbon steel is controlled mainly by charge transfer process. The high 
frequency capacitive loops are not perfect semicircles, such behavior are 
characteristic for solid electrodes and often referred to frequency dispersion effect 
which could be attributed to non-homogeneity and roughness of solid electrodes [11]. 
All the impedance parameters were calculated with the application of the equivalent 
circuit model given in Fig. 4. The circuit consists of Rs (the resistance of solution 
between working electrode and counter electrode), and Rct. The double layer usually 
behaves as a constant phase element (CPE) rather than pure capacitor. From data in 
Table 1, we find that the charge transfer resistance value, Rct, increases in inhibited 
system than uninhibited system. A large Rct is associated with a slower corroding 
system, due to decrease in the active surface necessary for the corrosion reaction. 
 
The CPE is substituted for the capacitor to fit the semicircle more accurately. The 
impedance, ZCPE, is calculated from the following equation [12,13]:  

     
 

  (  ) 
                                 ( ) 

where the exponent n is the phase shift, gives information about the degree of 

heterogeneity or roughness of the carbon steel surface capacitive behavior, and    is 
a proportional factor,      ,        and n is the phase shift. For    , ZCPE 

represents a resistance with     
  , for     a capacitance with     , for 

      a Warburg impedance with      and for      an inductive with     
  . 

The values of phase shift, n (ranges from 0.78 to 0.90) were not changes significantly 
and its ongoing stability showed the charge transfer controlled dissolution mechanism 
of carbon steel in 7 M H3PO4 with and without inhibitor. 
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Fig. 3. Nyquist plots for carbon steel in 7 M H3PO4 in absence and presence of different 

concentrations of 1-dodecyl-5-methyl-1H-benzo[d][1,2,3]triazol-1-ium bromide. 

 
Fig. 4. Suggested equivalent circuit model for the studied systems. 

Table 1: Electrochemical impedance spectroscopy results for carbon steel in 7 M 
H3PO4 in the absence and presence of different concentrations of the synthesized 
cationic inhibitor at 20 °C 

Conc. of 
inhibitor M 

Rs 
Ω cm2 

Qdl 
mΩ−1 sn cm−2 

n Error of 
n 

Rct 
Ω cm2 

Cdl 

µF cm-2 
ηI 
% 

0.00 1.02 0.0004505 0.90 0.74 14.22 248.4 - 
5x10-5 2.63 0.0000666 0.89 0.99 98.16 48.0 85.51 
1x10-4 3.68 0.0000483 0.86 0.85 131.8 29.7 89.21 
5x10-4 2.79 0.0000299 0.85 0.82 214.8 21.3 93.38 

1x10-3 2.87 0.0000175 0.83 0.80 357.4 15.9 96.02 
5x10-3 2.79 0.0000123 0.78 0.47 516.1 14.7 97.24 

The double layer between the charged metal surface and the solution is considered 
as an electrical capacitor. The double layer capacitance, Cdl, for a circuit including a 
CPE was calculated from the following equation [14,15]: 

      (    )
                                ( ) 

where             and      is the frequency at which the imaginary component of 
the impedance is maximal. 
The calculated Cdl values are listed in Table 1. It was clear that the double layer 
capacitance value decreases by increasing the inhibitor concentration. This 
behaviour is may be due to the adsorption of inhibitor on the carbon steel surface 
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decreases its electrical capacity by displacing water molecules and other ions which 
are adsorbed on its surface. The capacity decrease in inhibited system may be 
attributed to the formation of a protective layer on the electrode surface. The 
decreased Cdl values can result from the increase of thickness of electrical double 
layer or decrease of the local dielectric constant which suggest the substitution of 
H2O molecules (with higher dielectric constant) with inhibitor molecules (with lower 
dielectric constant) leading to a protective film on electrode surface [16,17]. 
The Bode and phase angle plots recorded for carbon steel electrode immersed in 7 
M H3PO4 in the absence and presence of optimum concentration of inhibitors are 
given in Fig. 5. It is observed that in the intermediate frequency region, a linear 
relationship between log|Z| vs. log f with a slope near -1 and the phase angle 
approaching -70o has been observed. This indicates the capacitive behavior at 
intermediate frequencies. An ideal capacitive behavior would be the result if a slope 
value attained -1 and a phase angle value attained -90o [18]. The slope values of 
Bode impedance magnitude plots at intermediate frequencies, S, and the maximum 
phase angles, αo, showed deviation from the values of -1 and 90o, respectively. 
These deviations were considered to be the deviation from the ideal capacitive 
behavior at intermediate frequencies. The gradual approach of -S and αo to the ideal 
capacitive values in the beginning of the immersion may be related to slowing of the 
rate of dissolution with time. For the same reason, the faster attainment of steady 
state of -S and αo and their higher values in inhibited solutions than in uninhibited 
solution reflect the inhibitive action of the inhibitors in the carbon steel dissolution 
process [19]. The Phase angle plots (Fig. 4) show single maximum (one time 
constant) at intermediate frequencies, broadening of this maximum in presence of 
inhibitors accounts for the formation of a protective layer on the electrode surface. 

 
Fig. 5. Bode and Phase angle plots for carbon steel in 7 M H3PO4 in the absence and presence of 

different concentrations of 1-dodecyl-5-methyl-1H-benzo[d][1,2,3]triazol-1-ium bromide. 

The corrosion inhibition efficiency (ηI) was calculated using the following equation 
[20]: 

   (
   
     
   
 )                            ( ) 

where Rct and Ro
ct are the charge transfer resistance values in the absence and of 

the presence inhibitor, respectively. 
As it is seen from Table 1, The inhibition efficiency increases with increasing the 
inhibitor concentration suggests that this compound acts by adsorption on the carbon 
steel surface. The maximum inhibition efficiency of 1-dodecyl-5-methyl-1H-
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benzo[d][1,2,3]triazol-1-ium bromide reaches of 97.24 % with respect to the 
concentration of the inhibitor (5 x 10-3 M). 
3.3. Polarization curves measurements 
Anodic and cathodic polarization plots recorded on carbon steel electrode in 7 M 
H3PO4 in the absence and presence of different concentrations of cationic surfactant 
at 20 oC are presented in Fig. 6. The electrochemical parameters such as corrosion 
potential (Ecorr), corrosion current density (icorr), corrosion inhibition efficiency (ηp), 
anodic Tafel slope (βa) and cathodic Tafel slope (βc) and the results are presented in 
Table 2. It can be seen from Fig. 5 that the existence of inhibitor molecule in the 
corrosive medium decreases corrosion current (icorr). These changes increase with 
increasing inhibitor concentration. This behavior supports the adsorption of inhibitor 
onto metal surface and causes a barrier effect for mass and charge transfer for 
anodic and cathodic reactions. As can be seen from Table 2, Ecorr values are slightly 
changed (only the displacement was <10 mV) in the presence of cationic surfactant 
inspect to blank suggesting the cationic surfactant is acted as mixed-type inhibitor. 
But it can also be observed that both anodic Tafel slope (βa) and cathodic Tafel slope 
(βc) values does not change much in the presence of cationic surfactant inspect to 
blank [21]. This behavior indicating that the inhibitor merely blocks the corrosion 
reaction sites of the carbon steel and without changes the mechanism of metal 
dissolution (anodic) and/or hydrogen evolution (cathodic) reaction. 
The corrosion inhibition efficiency (ηP) was calculated following this equation [22,23]: 

   (
           

 

     
)                           ( ) 

where iocorr and icorr are the corrosion current density values with and without inhibitor, 
respectively. 
Table 2: Potentiodynamic polarization results for carbon steel in 7 M H3PO4 in the 
absence and presence of different concentrations of the synthesized cationic inhibitor 
at 20 °C 

Conc. of inhibitor 
M 

Ecorr 
mV 

icorr 
mA cm-2 

βa 
mV dec-1 

βc 
mV dec-1 

ηp 
% 

0.00 -474.4 3.0638 74.6 -146.8 - 
5x10-5 -477.7 0.4118 94.1 -176.1 86.56 

1x10-4 -482.2 0.3266 94.6 -179.5 89.34 
5x10-4 -478.9 0.2150 94.4 -183.2 92.98 

1x10-3 -483.7 0.1215 91.5 -183.1 96.03 
5x10-3 -481.9 0.0902 94.2 -178.3 97.06 

As it can be seen from Table 2, when the concentration of inhibitor increases the 
inhibition efficiencies increase while corrosion current densities decrease. This may 
be due to the increase in cationic surfactant concentration leads to increasing the 
surface coverage of the inhibitor and hence increase the adsorption on the steel 
surface. The maximum inhibition efficiency was observed around 96.06 % at 5 x 10-3 
M of the synthesized cationic surfactant. These results are in good agreement with 
the results obtained from electrochemical impedance spectroscopy measurements. 
3.4. Weight loss measurements 
The effect of addition of the cationic surfactant based on triazole on the corrosion of 
carbon steel in 7 M H3PO4 solution was studied by weight loss measurements at 20, 
40, 60 and 80 oC after a 24 h immersion period. The value of corrosion rate (k) was 
calculated from the following equation [24]: 
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                     ( ) 

where ΔW is the average weight loss of three parallel carbon steel sheets, S is the 
total area of the specimen, and t is the immersion time. 
The surface coverage, θ, and the corrosion inhibition efficiency, (ηw), on carbon steel 
were calculated using the following equations [25, 26]: 

  (
    
 

)                             ( ) 

   (
    
 

)                   ( ) 

where W and Wo are the values of the weight loss without and with addition of the 
inhibitor, respectively. 
The calculated corrosion rate, surface coverage and corrosion inhibition efficiency 
are listed in Table 3. It can be seen from Table 3 that the corrosion rate significantly 
decreased after the addition of the synthesized cationic surfactant at all 
temperatures, while the inhibition efficiency increased by increasing the inhibitor 
concentration suggests that the inhibitor molecules act by adsorption on the metal 
surface. From data in Table 3, it was observed that the corrosion inhibition efficiency 
decreases with increasing the temperature. This behaviour is due to desorption of 
inhibitor molecules through N+ atom Br- ion. The maximum inhibition efficiency was to 
be around 97.23 % at 5 x 10-3 M of the synthesized cationic surfactant. The high 
inhibition efficiency can be explained by the adsorption of the synthesized cationic 
surfactant on the carbon steel surface. 
Table 3: Weight loss data for carbon steel 7 M H3PO4 in the absence and presence 
of different concentrations of the synthesized cationic surfactant at various 
temperatures 

The results obtained from the weight loss measurements are in accordance with the 
previously obtained results from the electrochemical measurements. 
3.5. Adsorption isotherm 
The adsorption of organic molecules at the metal/solution interface consists of the 
replacement of water molecules by organic molecules according to following process 
[27]: 

Org(sol) + x H2O(ads) ↔ Org(ads) + x H2O(sol).          (8) 
where Org(sol) and Org(ads) are organic molecules in the solution and adsorbed on the 
metal surface, respectively, and x is the number of water molecules replaced by the 
organic molecules.  
The inhibition efficiencies of the organic molecules mainly depend on their adsorption 
ability on the metal surface. Therefore, the determination of relation between 
adsorption and corrosion inhibition is of great importance. In order to clarify the 
nature and the strength of adsorption, the experimental results were fitted to a series 
of adsorption isotherms, and the best fit was obtained with the use of the Langmuir 

Inhibitor 
conc. 

M 

20 
o
C 40

 o
C 60 

o
C 80 

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 
% 

0.00 2.9703 - - 4.3089 - - 7.9007 - - 12.3111 - - 
5x10

-5 
0.3938 0.87 86.74 0.8344 0.81 80.64 0.8344 0.81 80.64 3.8955 0.68 68.36 

1x10
-4 

0.3109 0.90 89.53 0.6571 0.85 84.75 0.6571 0.85 84.75 3.2945 0.73 73.24 
5x10

-4
 0.2039 0.93 93.13 0.4023 0.91 90.66 0.4023 0.91 90.66 2.5453 0.79 79.32 

1x10
-3

 0.1166 0.96 96.08 0.2871 0.93 93.34 0.2871 0.93 93.34 1.9340 0.84 84.29 
5x10

-3
 0.0824 0.97 97.23 0.2513 0.94 94.17 0.2513 0.94 94.17 1.4971 0.88 87.84 
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adsorption isotherm, which is presented graphically in Fig. 7. The correlation 
coefficients and the slopes are close to 1 which confirms this assumption. Therefore, 
it is concluded that, a monolayer inhibitor film forms on the carbon steel surface, and 
there are no interactions between the adsorbed inhibitor molecules [28]. Langmuir 
adsorption isotherm can be expressed by the following equation [29]: 

 

 
 

 

    
                       ( ) 

where θ is the surface coverage, which can be calculated from the weight loss 
experimental results, C is the molar concentration of the inhibitor and Kads is the 
standard adsorption equilibrium constant. 

 
Fig. 7. Langmuir’s adsorption plots for carbon steel in 1 M HCl solution containing different 

concentrations of 1-dodecyl-5-methyl-1H-benzo[d][1,2,3]triazol-1-ium bromide at 20 
o
C. 

The values of Kads were 75905.4, 73206.3, 37140.5 and 26049.0 M-1, at 20, 40, 60 
and 80 oC, respectively, which reflects strong interactions between the inhibitor 
molecules and the metal surface [30–33]. The value of Kads increases with the 
temperature increasing indicates that the adsorption ability of 1-dodecyl-5-methyl-1H-
benzo[d][1,2,3]triazol-1-ium bromide on the carbon steel surface decreases with the 
temperature increasing. 
The standard free energy of adsorption, ΔGo

ads, on the mild steel surface is related to 
the Kads with the following equation [34]: 

     
       (        )                    (  ) 

where the value 55.5 is the concentration of water in solution expressed in M. 
It is well identified that the values of -20 kJ mol-1 or lower show a physisorption; those 
around -40 kJ mol-1 or higher include charge sharing or transfer between inhibitor 
molecules and metal to form a co-ordinate covalent bond [35]. However, the 
adsorption of organic molecules on metal surfaces cannot be considered as a purely 
physical or chemical phenomenon. In addition to the chemical adsorption, inhibitor 
molecules can also be adsorbed on the metal surface via physical interactions. 
ΔGo

ads values were -37.16, -39.60, -40.25 and -41.63 kJ mol-1, at 20, 40, 60 and 80 
oC, respectively, indicated that, the adsorption of 1-dodecyl-5-methyl-1H-
benzo[d][1,2,3]triazol-1-ium bromide molecules on the carbon steel surface is a 
mixed type of chemical and physical adsorption [36–38].  
Another parameter that has been used to determine whether a process may be 
associated to a physical or a chemical interaction is the adsorption enthalpy. If the 
absolute value is lower than 41.86 kJ mol-1 a physisorption mechanism or mixture of 
physisorption and chemisorption mechanism operates, while for values close to 100 
kJ mol-1 a chemisorption mechanism acts [39]. The enthalpy of adsorption (ΔHo

ads) is 
obtained from the Van’t Hoff’s equation [40]: 
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)                               (  ) 

When ln Kads vs. (1/T) is plotted, the value of ΔHo
ads is obtained from the slope. The 

value of ΔHo
ads is -16.50 kJ mol-1 indicates that the adsorption of the studied inhibitor 

on the carbon steel surface in 7 M H3PO4 is exothermic process, which illustrated 
that the corrosion inhibition efficiency decreased with the temperature increasing. In 
the present work, enthalpy is lower than 41.8 kJ mol-1 which indicates that the 
adsorption of 1-dodecyl-5-methyl-1H-benzo[d][1,2,3]triazol-1-ium bromide molecules 
on the carbon steel surface are mixure of physisorption and chemisorption. 
The standard adsorption entropy, ΔSo

ads, was calculated from the following equation 
[40]: 

     
       

        
                          (  ) 

ΔSo
ads values were 70.52, 73.82, 71.34 and 71.20 J mol-1 K-1, at 20, 40, 60 and 80 

oC, respectively. The positive values of entropy suggest that adsorption is coupled 
with a increase in the system disorder due to the adsorption of inhibitor on the steel 
surface. 
3.6. Inhibition mechanism 
In Fig. 1, the inhibition mechanism derived from the interaction of 1-dodecyl-5-methyl-
1H-benzo[d][1,2,3]triazol-1-ium bromide on carbon steel in aqueous 7 M H3PO4 is 
proposed. The steel surface in acidic medium contains anodic and cathodic sites on 
which the simultaneous electrochemical reactions of iron oxidation and hydrogen 
evolution take place, respectively. 
The studied inhibitor can be dissociated into the surfactant part being the cation and 
the counter ion (Br-) being the anion. The surfactant cations have many adsorption 
centers which are the N atoms of triazole ring in addition benzene ring.  
In view of the above, the inhibition of the synthesized cationic surfactant may be 
carried out by the participation of three mode of adsorption: (a) Electrostatic 
interaction (physical adsorption) between the positively charged of cationic head of 
surfactant and the negatively charged carbon steel surface (cathodic sites, i.e. 
cathodic inhibition). And electrostatic interaction between the negatively charged Br- 
ion and the positively charged carbon steel surface (anodic sites, i.e. anodic 
inhibition), (b) Chemical interaction (chemisorptions) between the N+ atoms of triazole 
ring in addition double bonds of benzene ring (de-localized electrons) and the vacant, 
low energy d-orbitals of iron surface atoms (anodic sites, i.e. anodic inhibition) and (c) 
Aliphatic chain contributed to inhibition by rejecting water molecule from metallic 
surface through orientation of these aliphatic chains to corrosive solution. 
According to the suggested dipole adsorption model, the studied inhibitor must be of 
mixed-type inhibitor which is in agreement with that obtained from potentiodynamic 
polarization measurements. 

4. Conclusions 
1. 1-dodecyl-5-methyl-1H-benzo[d][1,2,3]triazol-1-ium bromide is a mixed 

corrosion inhibitor for carbon steel in 7 M H3PO4 solution that acts both over 
the cathodic process of hydrogen evolution and the anodic process of metal 
dissolution. 

2. Inhibition efficiency was determined by three different methods: weight loss, 
potentiodynamic polarization and electrochemical impedance, all giving 
comparable results.  

3. Inhibition efficiency increases with increasing the inhibitor concentration and 
the maximum value was 97 % for 5 x 10-3 M. 
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4.  The adsorption of 1-dodecyl-5-methyl-1H-benzo[d][1,2,3]triazol-1-ium bromide 
on carbon steel surface obeys Langmuir isotherm, and the values of Gibbs 
free energy reveal the physical and chemical adsorption of the inhibitor on 
carbon steel surface are occur. 

5.  The double layer capacitance obtained from EIS measurements decreases 
with the increasing of inhibitor concentration, arguing an adsorption process of 
the synthesized cationic surfactant on the carbon steel surface. 

6. The good inhibition efficiencies of 1-dodecyl-5-methyl-1H-
benzo[d][1,2,3]triazol-1-ium bromide in 7 M H3PO4 solution makes it a suitable 
alternative as corrosion inhibitor in deicing solution in which phosphoric acid 
produced by dihydrated wet process sodium acetate is a main component. 
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