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Abstract 
The inhibitive action of some pyrazole derivatives, namely N1, N1-bis (2-(bis ((3,5-dimethyl-1H-pyrazol-1-yl) 

methyl) amino)ethyl)-N2, N2-bis ((3,5-dimethyl-1H-pyrazol-1-yl) methyl) ethane-1,2-diamine: PAP and diethyl 

1,1'-(((4-acetylphenyl) azanediyl) bis (methylene)) bis (5-methyl-1H-pyrazole-3-carboxylate): PAC against the 

corrosion of mild steel in 1 M HCl solution has been investigated using weight loss measurements, Tafel 

polarisation and electrochemical impedance spectroscopy (EIS) techniques. The experimental results obtained 

revealed that these compounds inhibited the steel corrosion in acid solution, the protection efficiency increased 

with increasing inhibitors concentration. The results obtained from the different corrosion evaluation techniques 

are in good agreement. Potentiodynamic polarisation studies clearly showed that PAP and PAC acted as mixed 

inhibitors affecting both cathodic and anodic corrosion currents. Adsorption of these inhibitors on steel surface 

obeyed to Langmuir adsorption isotherm. Thermodynamic data of adsorption showed that inhibition of steel 

corrosion in 1M HCl solution by pyrazole compounds is due to the formation of a chemisorbed film on the steel 

surface. SEM and EDX supported the adsorption conclusions. 

 

Keywords: mild steel, pyrazole, corrosion, EIS, SEM  

 

1. Introduction  
The effects of corrosion in our daily lives are both direct, in that corrosion affects the useful service lives of our 

possessions, and indirect, in that producers and suppliers of goods and services incur corrosion costs, which they 

pass on to consumers. 
Use of inhibitors is one of the most practical methods for protection against corrosion especially in acid 

solutions to prevent metal dissolution and acid utilization [1]. Recently, natural compounds are employed as 

inhibitors in order to develop new cleaning chemicals for green environment. Several studies have been 

published on the use of natural products as corrosion inhibitors in different media [2-10]. Most of the natural 

products are nontoxic, biodegradable and readily available in plenty. 

The effect of organic compounds containing heteroatom on the corrosion behaviour of iron and steel in acidic 

solutions has been well documented and showed to be quite efficient to prevent corrosion [11-23] and in 

addition to heterocyclic compounds containing polar groups and π-electrons [24]. In wide part of our research 

programme, pyrazolic derivatives newly synthesized are tested as good corrosion inhibitors of aluminium, 

copper, lead, iron and steel [25-31]. The synthesis of pyrazolic compounds permit easily to obtain several 

compounds of which the molecular structure contains several heteroatoms and several substituents. 

The aim of present work is to extend these investigations by studying the inhibitive properties of pyrazole on the 

corrosion of medium steel in 1 M HCl using electrochemical impedance spectroscopy method (EIS). The 

impedance spectra obtained from this study are analyzed to show the equivalent circuit that fits the corrosion 

data. The adsorption behaviour of these inhibitors compounds in 1 M HCl is discussed. Effects of temperature 

and isotherm adsorption are also determined by weight loss. 
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2. Experimental method 

2.1. Inhibitors and material preparation   

The tested inhibitors, namely N1, N1-bis (2-(bis ((3,5-dimethyl-1H-pyrazol-1-yl) methyl) amino)ethyl)-N2, N2-

bis ((3,5-dimethyl-1H-pyrazol-1-yl) methyl) ethane-1,2-diamine : PAP and diethyl 1,1'-(((4-acetylphenyl) 

azanediyl) bis (methylene)) bis (5-methyl-1H-pyrazole-3-carboxylate) : APC were synthesized by similar 

procedures used to prepare their analogues described in the following references  [32,33] for example. The 

molecular structures of these Pyrazole derivatives are shown in Fig. 1. The concentration range of Pyrazole 

derivatives employed was 10
-6

 to 10
-3

M.  

 

 
N1, N1-bis (2-(bis ((3,5-dimethyl-1H-pyrazol-1-yl) 

methyl) amino)ethyl)-N2, N2-bis((3,5-dimethyl-1H-

pyrazol-1-yl) methyl) ethane-1,2-diamine : PAP 

diethyl 1,1'-(((4-acetylphenyl) azanediyl) bis 

(methylene)) bis (5-methyl-1H-pyrazole-3-

carboxylate) : APC 

Figure 1.Chemical structure of new synthesized pyrazole derivatives. 

 

The material used in this study was mild steel with chemical compositions 0.09 wt.% P, 0.38 wt.% Si,           

0.01 wt.% Al, 0.05 wt.% Mn, 0.21 wt.% C, 0.05 wt.% S and balance iron. The mild steel samples were polished 

with silicon carbide emery (120, 600 and 1200) to produce a fine surface finishing, rinsed with distilled water, 

degreased in acetone. The solutions (1 M HCl) were prepared by dilution of an analytical reagent grade 37% 

HCl with doubly distilled water, degreased ultrasonically in ethanol. 

 

2.2. Weight loss test 

The gravimetric measurements were carried out in a cell equipped with a thermostated cooling condenser. The 

solution volume was 50 ml. The mild steel specimens used have a rectangular form (length = 2 cm, 

width = 1 cm, thickness = 0.2 cm). At the end of the tests, the specimens were carefully washed in acetone 

under ultrasound and then weighed. Weight loss allowed calculation of the mean corrosion rate in mg cm
−2

 h
−1

. 

 

2.3. Electrochemical techniques 

Electrochemical measurements, including potentiodynamic polarization curves and electrochemical impedance 

spectroscopy (EIS) were performed in a three-electrode cell. Pure mild steel specimen was used as the working 

electrode, a platinum wire as the counter electrode and a saturated calomel electrode (SCEs) as the reference 

electrode. The specimens were embedded in epoxy resin leaving a working area of 1 cm
2
. The working surface 

was subsequently ground with 1200 grit grinding papers, cleaned by distilled water and ethanol. 

All tests were performed in continuously stirred conditions at room temperature; all tests were performed at 308 

K. Potentiodynamic curves-polarization experiments were carried by Potentiostat Radiometer-analytical PGZ 

100 and controlled with analysis software Voltamaster 4. The mild steel electrode was maintained at open 

circuit conditions (corrosion potential, Ecorr) for 30 min and thereafter prepolarized at -800 mV for 10 min. After 

this scan, the potential was swept to anodic potentials. The anodic and cathodic polarization curves were 

recorded at scan rate of 1 mVs
-1

. The EIS measurements were performed using a transfer function analyser 

(Voltalab PGZ 100), with a small amplitude a.c. signal (10 mV rms) over a frequency domain from 100 kHz to 

10 MHz at 308 K with five points per decade. Computer programs automatically controlled the measurements 

http://www.sciencedirect.com.revues.usmba.ac.ma/science/article/pii/S0013468607006305#fig1
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performed at rest potentials after 1 h of immersion at Ecorr. The impedance diagrams were given in the Nyquist 

representation. In order to ensure reproducibility, all experiments were repeated three times.  

 

2.4. Surface analysis 

The surface morphology after immersion in 1 M HCl solution in the absence and presence of inhibitor was 

imaged using an environmental scanning electron microscope (FEI company quanta 200). 

 

3. Results and discussion 

3.1. Polarization measurements 

Polarization curves were obtained for mild steel in 1 M HCl solution with and without inhibitor. Tafel lines 

which obtained in various concentrations of P1 and P2 solutions were shown in Fig. 2. This figure shows that 

the anodic and cathodic reactions are affected by the inhibitors. It means that the addition of P1 and P2 in the 

HCl solution reduces the anodic dissolution of steel and also retards the cathodic hydrogen evolution reaction. 

These results indicated that this inhibitor exhibits cathodic and anodic inhibition effects. 

The respective kinetic parameters including corrosion current density (Icorr), corrosion potential (Ecorr), 

cathodicTafel slope (βc), anodic Tafel slope (βa), and inhibition efficiency (E%) are given in Table 1. The 

inhibition efficiency E% was calculated from Icorr using the following equation (1): 

     

 

Where Icorr and I are the corrosion current density values in the absence and presence of PAP and APC, 

respectively. 

 

 

 

 

 

 

 

 

 

 
Figure 2: Polarization curves for mild steel in 1 M HCl in the absence and presence of different concentration 

of PAP and APC 

 

It is illustrated from data of Table 1 that the addition of PAP and APC decreases corrosion current density. Also, 

it can be clearly seen that the inhibition efficiency of PAP and APC increases with inhibitor concentration, 

reaching a maximum value at 10
-3

. This behavior shows that PAP and APC acts as effective inhibitor for the 

corrosion of mild steel in HCl media. The cathodic Tafel slope (βc) and the anodic Tafel slope (βa) of PAP and 

APC changed with inhibitor concentration. This observation suggests that the inhibitor molecules controlled the 

two reactions and adsorbed on the metal surface by blocking the active sites on the metal surface, retarding the 

corrosion reaction. Also, the presence of inhibitor results in a marked shift in the cathodic branches and to a 

lesser extent in the anodic branches on the polarization curves. These results indicated PAP and APC exhibits 

cathodic and anodic effects, which can be classified as mixed inhibitor in acid media. 

 

3.2. Electrochemical impedance spectroscopy (EIS)  

The Rct values were used to calculate the inhibition efficiency E% according to the following equation 2: 

𝐸% =
𝑅𝑐𝑡−  𝑅°𝑐𝑡(𝑖𝑛ℎ)

𝑅𝑐𝑡
 

where R°ct and Rct are respectively the charge transfer resistance in the absence and the presence of PAP and 

APC, respectively. 
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Table 1.Polarization parameters and the corresponding inhibition efficiency for the corrosion of mild steel in 1 M HCl 

containing different concentrations of PAP and APC at 25 °C. 

Inhibitors Concentration      𝑬𝒄𝒐𝒓𝒓 

(mV/SCE) 

𝑰𝒄𝒐𝒓𝒓 

(µA/cm²) 

 𝜷𝒄  

(mV/decade) 

𝑬 

(%) 

 HCl  1M -521,3 1308,3 173.5 HCl  1M 

 

 

PAP 

10
-3 

-443.2 179.1 92.4 86 

10
-4 

-459.8 192.1 79.5 85 

10
-5 

-459.6 284.8 92.2 78 

10
-6 

-469.1 387.4 106.3 70 

 

 

APC 

10
-3

 -480.9 186.2 111.1 85 

10
-4

 -452.1 216.9 98.7 83 

10
-5 

-462.1 339.6 183.6 74 

10
-6 

472.9 599.7 186.2 54 

 
Table 2. Impedance parameters of mild steel in 1M HCl containing different concentrations of the studied pyrazole 

compounds. 

Inhbitors Concentration 

mol L
-1 

Rct 

(Ω cm²) 

Fmax 

(Hz) 

Cdl 

(µF cm
-2

) 

ER 

(%) 

HCl 1M  21,63 55.3721 132  

 

PAP 

10
-3 

143,4 7,9365 76 85 

10
-4 

100,6 15,823 95 82 

10
-5 

55 15,823 102 79 

10
-6 

74 4 126 72 

 

APC 

10
-3 

132 15,823 87 84 

10
-4 

118 15,823 95 80 

10
-5 

105 15,823 111 74 

10
-6 

81 15,823 130 62 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. Nyquist diagrams for mild steel in 1M HCl without and with different concentrations of the undertaken inhibitors 

PAP and APC. 

 

From Table 2, it is clear that the addition of the inhibitors decreases the double layer capacitance and increases 

the charge transfer resistance; as consequence, a large diameter of the semicircle is observed in Nyquist plots. 
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The decrease in Cdl could be attributed to the adsorption of the inhibitors on the electrode surface, forming 

protective adsorption layers. These findings indicate that, PAP and APC inhibit mild steel corrosion by 

adsorption. Furthermore, the magnitude of Cdl decreases with increasing inhibitors concentrations. This situation 

can be interpreted as a result of increase in the surface coverage by PAP and APC, which led to an increase in 

the inhibiting efficiency (Table 2). The thickness of the protective layer, d, is related to Cdl by the following 

Equation 3:  

𝛿 =
𝜀𝜀0

𝐶𝑑𝑙
𝑆 

Where, 𝜀0, 𝜀, and S stand, respectively, for the vacuum dielectric constant (𝜀0 = 8.854 10
-14

 F cm 
-1

), the 

relative dielectric constant, and the surface area. This decrease in Cdl, which can result from a decrease in local 

dielectric constant and/or an increase in the thickness of the electrical double layer, suggested that PAP and 

APC function by adsorption on the medium steel at the metal/solution interface. 

 

3.3. Effect of temperature: 

The change of the corrosion process rate with the temperature increase was studied in 1 M HCl in the absence 

and in the presence of inhibitor by weight measurements, in the temperature range 308– 353 K, are shown in 

Table 3. 

 
Table 3. Influence of temperature on the corrosion rate and inhibition efficiency of mild steel in 1 M HCl at different 

concentrations of PAP and APC 

  PAP APC 

Temperature (K) Concentrations (M) Wcorr (mg/cm².h) IEW % Wcorr (mg/cm².h) IEW % 

 

 

308 

0 0.86  0.86  

10
-3 

0.12 86 0.14 84 

10
-4 

0.16 81 0.19 78 

10
-5 

0.36 58 0.26 70 

10
-6 

0.57 34 0.33 62 

313 0 1.3  1.3  

10
-3 

0.18 86 0.25 81 

10
-4 

0.3 77 0.36 72 

10
-5 

0.58 55 0.49 62 

10
-6 

0.98 25 0.57 56 

323 0 3.47  3.47  

10
-3 

0.55 84 0.71 79 

10
-4 

0.67 81 0.98 72 

10
-5 

1.14 67 1.48 57 

10
-6 

1.84 47 1.58 54 

333 0 6.72  6.72  

10
-3 

1.13 83 1.59 76 

10
-4 

1.69 75 1.92 71 

10
-5 

1.86 72 3.15 53 

10
-6 

2.95 56 3.77 44 

 

The corrosion rates increase with rise of temperature both in uninhibited and inhibited solutions. Moreover, the 

mild steel corrosion increased more rapidly with temperature in the presence of PAP than with APC. 

Apparently, the results obtained postulate that the inhibitor function through adsorption on the metal surface by 

the blocking the active sites to form a screen onto the mild steel surface from acidic solution. As the temperature 

increases, we notice the desorption rate manifests parallel to that of adsorption [34]; the surface becomes less 

protected and then the inhibitor gradually loss its effectiveness.  

We were interested in the activation energy of the corrosion process and the kinetic parameters of the inhibitors 

adsorption. This was accomplished by investigating the temperature dependence of the corrosion current, 
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obtained using weight measurement method. The corrosion reaction can be regarded as an Arrhenius-type 

process, the rate is given by the following equation 4: 

𝑊 = 𝐾 𝑒𝑥𝑝  −
𝐸𝑎

𝑅𝑇
  

Where Ea is the apparent activation corrosion energy, T is the absolute temperature, A is the Arrhenius pre-

exponential constant and R is the universal gas constant. This equation can be used to calculate theEa values of 

the corrosion reaction without and with inhibitors. The logarithm of the corrosion current density versus 10
3
/T 

and the activation energy (Ea) values can be calculated from the Arrhenius slope (Fig. 4). The calculated values 

of the apparent activation corrosion energy in the absence and presence of P1 and P2 are listed in Table 4. 

All the linear regression coefficients were close to one. In 1 M HCl, the addition of Pyrazole compounds leads 

to an increase in the apparent activation energy to values greater than that of the uninhibited solution. 

Consequently, the rate of corrosion decreases due to the formation of the metal complex layer [35]. Szauer and 

Brand explained that the increase in activation energy can be attributed to an appreciable decrease in the 

adsorption of the inhibitor on the mild steel surface with the increase in temperature. 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

Figure 4. Arrhenius plots of mild steel  in 1 M HCl at different concentrations of PAP and APC 

 

When there is reduction in the adsorption, a greater desorption of the inhibitory molecules occurs because these 

two opposite processes are in equilibrium. Because of this most important desorption of the inhibitor molecules 

at higher temperatures, a greater mild steel surface is in contact with aggressive environment, involving higher 

corrosion rates with increasing temperature[36]. 

Equation 5: 

𝑊 =
𝑅𝑇 

𝑁ℎ
exp  

∆𝑆°𝑎

𝑅
 exp⁡ 

∆𝐻°𝑎

𝑅𝑇
  

 

Where h is Planck’s constant, N is Avagadro’s number, ΔSa is the entropy of activation and ΔHa is the enthalpy 

of activation. Fig. 5 shows a plot of ln (Wcorr.T
−1

). 10
3
. T

−1
. Straight lines are obtained with a slope of ΔHa/R and 

an intercept of ln (R/Nh + ΔSa/R) from which the values of ΔSa and ΔHa are calculated and are given in Table 4. 

The values of the entropy of activation ΔSa given in Table 4 are negative. 

 

3.4. Adsorption isotherm 

Cinh/θ versus Cinh yield straight lines with nearly unit slope and the best fits are obtained with Langumir 

adsorption isotherm as presented in Fig. 6. It is found that all the linear correlation coefficients are very closed 

to 1.00, clearly proving that the adsorption of these pyrazole derivatives from 1 M HCl solution on the mild 

steel obeys the Langmuir adsorption isotherm. 
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Figure 5. The relationship between ln (W/T) and 1/T for mild steel at different concentrations of PAP and APC 

 

Table 4. Activation parameters of the dissolution reaction of mild steel in 1 M HCl in the absence and presence different 

concentration of PAP and APC 

Concentration 

(M) 

Ea 

(KJ.mol
-1

) 

∆H° 

(kJ.mol
-1

) 

∆S° 

(J.mol
-1

.K
1
) 

Ea 

(KJ.mol
-1

) 

∆H°  

(kJ.mol
-1

) 

∆S° 

(J.mol
-1

.K
-1

) 

HCl (1M) 71,61 68,95 -22,52 71,61 68,95 -22,52 

10
-3 

78,76 76,10 -15,85 83,11 80,45 0,024 

10
-4

 78,36 75,69 -14,20 78,76 76,10 -11,15 

10
-5

 55,48 52,82 -81,58 85,45 82,78 12,98 

10
-6

 54,79 52,13 -79,74 83,23 80,57 7,36 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Langmuir adsorption plots for mild steel in 1 M HCl containing different concentrations of pyrazole derivatives. 

 

From the intercepts of the straight lines Cinh/θaxis, K value can be calculated. The constant of adsorption, K, is 

related to the standard free energy of adsorption, ∆Gads°, by the following equation: 
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Table 5. Slope, regression coefficient and free enthalpy of adsorption of pyrazole compounds on mild steel in 1M HCl at 

different temperature. 

Temperature (K) R² Slope ∆Gads° (kJ.mol
-1

) R² Slope ∆Gads° (kJ.mol
-1

) 

308 0.9999 1.1 35.7 0.9999 1.1 35.5 

313 0.9999 1.1 35.1 0.9999 1.2 35.8 

323 0.9999 1.1 38.9 0.9999 1.2 36.7 

333 0.9999 1.2 38.6 0.9999 1.1 39.2 

 

Where R is the universal gas constant and T is the absolute temperature. The calculated standard free energy of 

adsorption. The negative values of ∆Gads° ensure the spontaneity of the adsorption process and stability of the 

adsorbed layer on the steel surface. Its well known that values of −∆Gads° of the order of 20 kJ mol
−1

 or lower 

indicate a physisorption; those of order of 40 kJ mol
−1

 or higher involve charge sharing or transfer from the 

inhibitor molecules to the metal surface to form a coordinate type of bond (chemisorption) [38-42]. The 

calculated ∆Gads° value in the case of Pyrazole indicates, therefore, that the adsorption mechanism of the 

investigated PAP and APC on the mild steel surface in 1 M HCl solution is typical of chemisorption. 

 

3.5.  Surface analysis 

SEM micrographs, obtained from mild steel surface specimens immersed in 1 M HCl solution for 6 h in the 

absence and presence of 10
-3

 of pyrazole compounds, are shown in Fig. 9. Fig. 9a indicates the finely polished 

characteristic surface of mild steel and shows some scratches due to polishing. Fig. 9b reveals that the surface is 

highly corroded in the absence of inhibitor due to the direct attack of aggressive acids. By the comparison of 

SEM images at the same magnification (Fig. 9c and d), it appears that mild steel surface is free from corrosion 

in HCl solution. This is due to the formation of an adsorbed film of PAP and APC on the surface. This shows 

that the inhibitor inhibits corrosion of mild steel in 1 M HCl solution. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 9. SEM micrographs of mild steel (a) polished, (b) after immersion in 1 M HCl without inhibitors, (c) after 

immersion in 1 M HCl solution containing 10
-3

 of PAP and (d) after immersion in 1M HCl solution containing 10
-3 

of APC. 

  

  

a b 

c d 
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EDX spectra survey was used to determine which elements are present on the mild steel surface before and after 

exposure to the inhibitors solution. Indeed, after mild steel has been immersed in the absence and presence of 

PAP and APC for 6 h, its surface film composition was determined by EDX. The results are displayed in figure 

and the Table 4. Comparison of the two spectra shows the formation of iron oxides resulting from corrosion of 

steel in 1 M HCl solution, as evidenced by the appearance of the oxygen peak on the EDX spectrum of steel in 

HCl 1 M. After 6 h of immersion, the EDX spectra showed an additional signal for the existence of Cl element 

on the surface. Moreover, in inhibited solution, the EDX spectra showed an additional signal for the existence of 

N element (due to the nitrogen atoms of the inhibitors) [43]. In addition, the O and Cl signals are significantly 

reduced. These data show the adsorption of PAP and APC on the surface of the steel. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 10. Percentage in mass obtained from EDX analyzes of the different elements composing the mild steel surface, 

after immersion in 1 M HCl without inhibitors, (c) after immersion in 1 M HCl solution containing 10
-3

 of PAP and (d) 

after immersion in 1M HCl solution containing 10
-3 

of APC. 

 

 

Elements Fe C 

Wt % 83.53 16.47 

 

 

Elements Fe C O 

Wt % 67.98 13.81 18.21 

 

 

Elements Fe C O N Cl 

Wt % 89.01 0 6.39 3.48 1.12 

 

 

 

Elements 

 

Fe C O N 

Wt % 

 

84.22 5.95 3.18 6.65 

 

a 

b 

c 

d 
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Conclusions 

 
From the above results and discussion, the following conclusions are drawn: 

Pyrazole compounds inhibit the corrosion of mild steel in 1 M HCl. The inhibition efficiency increases by 

increasing the inhibitor concentration. 

The results obtained from weight loss measurements, polarisation curves and ac impedance study are in 

reasonable agreement. 

The electrochemical parameters indicated that both the tested pyrazoles derivatives acted essentially as mixed-

type inhibitors. 

The adsorption process for pyrazole derivatives on the steel surface obeys to the Langmuir isotherm equation in 

1 M HCl solution. 

SEM study confirmed the formation of protective layer over the steel surface by the green inhibitor. 
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