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Corrosion inhibition efficiency of 1-phenyl-3-amino-5-pyrazolone (PAP) on mild steel in 0.5 mol/L 

sulfuric acid (H2SO4) solution was investigated by weight loss measurements, potentiodynamic 

polarization technique, electrochemical impedance spectroscopy (EIS). Measurement of the weight loss 

shows an inhibition efficiency of about 58.9% in the presence of 0.05 mmol/L PAP, which increases to 

about 93% at a PAP concentration of 1 mmol/L. Potentiodynamic polarization measurements and EIS 

reveal that PAP is an excellent corrosion inhibitor of mild steel in 0.5 mol/L H2SO4 solution with an 

efficiency higher than 98% at 1 mmol/L at 298 K. The inhibitor adsorption on the steel surface follows 

the Langmuir adsorption isotherm. 
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1. INTRODUCTION 

Carbon steel plays an important role in industrial infrastructure and facilities because of its 

excellent thermal conductivity, ductility, and good cost-effectiveness ratio. In the chemical industry, a 

huge amount of H2SO4 is being used for removal of undesired scales and rust, which causes significant 

metal loss [1,2]. Corrosion inhibitors are always added in acid solution for minimizing acid media attack 

on metal [3,4]. First, inorganic salts, such as nitrite and phosphonates, are selected as corrosion 

inhibitors. The main disadvantage of inorganic inhibitors is their toxicity [5–7]. Nowadays, natural 

extracts and organic chemicals are used as corrosion inhibitors because of heteroatoms and unsaturated 

bonds that are present in their structures [8–15]. 

Paulina et al. [16] synthesized two ionic liquids as corrosion inhibitors for API–X52 steel in HCl 
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solution, which revealed that the two inhibitors worked as mixed-type inhibitors. Their anticorrosion 

performance depends on temperature, immersion time, and concentration and is remarkably effective at 

40 °C, which was attributed to the high thermal stability of the methyl sulfate anions. Hussein et al. [17] 

synthesized a thiadiazol derivative containing an imino group, which protects the mild steel by forming 

a protective coating layer. The film became weak at higher temperature. Allal et al. [18] theoretically 

studied some thiophene derivatives as aluminum corrosion inhibitors. Quantum chemical calculations 

and molecular dynamics simulations showed that the inhibitors adsorbed on the Al(111) surface, and the 

calculated inhibition efficiency was overall in good agreement with the experimental value. Sayed et al. 

[19] synthesized, characterized, and studied the potential of some pyrazole, pyrazolone, and enaminonitrile 

pyrazole derivatives in anticorrosion and  antimicrobial applications.. The results showed that these inhibitors 

are highly efficient as corrosion inhibitors for the prevention of copper dissolution in NH4OH solution 

at pH 9 and have higher antibacterial activities than conventional bactericide agents. The results of the 

antimicrobial activities and the corrosion inhibition tendencies of these compounds were correlated to 

their chemical structures. 

Our previous work has shown that 1-phenyl-3-methyl-5-pyrazolone is an excellent corrosion 

inhibitor for mild steel in hydrochloric acid solution [20], which proved that pyrazolone derivatives can 

be used as potential inhibitors. In this work, we used a similar compound, the pyrazolone derivative 1-

phenyl-3-amino-5-pyrazolone (PAP), as corrosion inhibitor. PAP is commonly used as pharmaceutical 

intermediate, possesses nitrogen and oxygen in its molecular structure, and is water soluble.  

 

 

 

2. EXPERIMENTAL SECTION 

1-Phenyl-3-amino-5-pyrazolone (PAP) was supplied by Alfa Aesar. As corrosion medium, 0.5 

mol/L sulfuric acid solution was used, and the inhibitor PAP was dissolved in this medium to reach 

concentrations between 0.05 and 1 mmol/L. 

The carbon steel was mechanically cut into pieces with side lengths of 5.0 × 2.5 × 0.4 cm for 

weight loss test and cubes with a side length of 0.1 cm for electrode fabrication. All of the samples were 

abraded using 200# to 1200# sandpaper, then successively washed with deionized water and ethanol, 

and dried with nitrogen. 

 

2.1 Electrochemical experiments 

Electrochemical experiments were performed in a three-electrode system with a saturated 

calomel reference electrode and platinum counter electrode using a PARSTAT 2273 electrochemical 

workstation. Carbon steel was sealed with epoxy resin, exposing a surface of 1 cm2 as working electrode. 

Measurements were performed at 298 K. 

EIS measurements were carried out in a frequency range of 100 kHz to 10 mHz with an AC 

voltage amplitude of 10 mV at the open circuit potential (OCP). The inhibition efficiency was calculated 

by eq 1: 
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 (1) 

where Rct and R0,ct represent the resistance of charge transfer in presence and absence of the 

inhibitor, respectively. 

For potentiodynamic polarization experiments, the potential was scanned from –250 to +250 mV 

vs OCP at a scan rate of 1 mVs–1. The inhibition efficiency was calculated by eq 2: 

 (2) 

where icorr and i0,corr are the corrosion current density of mild steel with and without the inhibitor 

in 0.5 mol/L sulfuric acid solution, respectively. 

 

2.2 Weight loss experiment 

Carbon steel samples were fully immersed immersed in the 0.5mol/L sulfuric acid solution for 3 

h at 298 K. Samples were weighted before and after 3 h immersion, and the weight differences were 

calculated.  

The inhibition efficiency (ηW%) was evaluated by following equation using weight loss data: 

(3) 

where CR,0
 and CR are the corrosion rate of carbon steel in 0.5 mol/L sulfuric acid solution without 

and with the inhibitor, respectively. The mean corrosion rate (CR, mg cm–2 h–1) was calculated using the 

following equation: 

(4) 

where W is the weight loss of mild steel (mg), A the area of the working electrode (cm2), t is the 

exposure time (h), and D the density of carbon steel (7.85 g/cm3). 

 

2.3 Surface analysis 

The surface morphology of carbon steel was studied in the absence and presence of PAP by 

scanning electron microscopy (SEM) using the SEM instrument KYKY2800B at 1000× magnification. 

The specimens were analyzed after an immersion time of 3 h in the absence and presence of the inhibitor 

at a concentration of 1 mmol/L.  

 

 

 

3. RESULTS AND DISCUSSION 

3.1 Electrochemical impedance spectroscopy 

Electrochemical impedance spectroscopy (EIS) was performed to analyze the adsorptive 
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interaction of the synthesized organic compound at the metal/solution interface. Fig. 1 shows the 

impedance responses of carbon steel in the absence and presence of PAP. The impedance spectra clearly 

exhibit a large capacitive loop. In the presence of PAP, compared with blank solution, this shape is 

maintained throughout all tested concentrations, indicating that almost no change in the corrosion 

mechanism occurs due to the inhibitor addition. The large capacitive loop indicates that the corrosion of 

steel is mainly controlled by a charge transfer process, which is usually related to the charge transfer of 

the corrosion process and the double layer behavior [21]. The capacitive loops of the semi-circles are 

not ideal but depressed with centers below the real axis, which is typical of solid electrodes that show 

frequency dispersion. However, the diameter of the semi-circle of the mild steel sample in 0.5 mol/L 

H2SO4 was found to slightly increase as different concentrations of PAP were introduced into the acidic 

medium. This indicates the corrosion inhibition capacity of PAP for carbon steel in the acidic 

environment. 

The impedance parameters calculated from these plots by fitting the equivalent circuit (as shown 

in Fig. 2) are given in Table 1. The equivalent circuit consists of a solution resistance (Rs), a charge 

transfer resistance (Rct), and an electrical double layer capacitance (Cdl). The double layer at the interface 

did not correspond to an ideal capacitor; thus, a constant phase element was introduced to replace the 

double layer. The impedance of the CPE and the double layer capacitances Cdl were expressed as eqs 5 

and 6 [22] where Y0 is a proportionality coefficient, j2 = –1 is an imaginary number, ω is the angular 

frequency, and n is the phase shift. The phase shift corresponds to the degree of surface inhomogeneity 

[23,24]. The behavior of CPE varies with the value of n: when n = 0 and Y0 = R, CPE behaves as a 

resistance; when n = 1 and Y0 = C, CPE represents a capacitance; when n = –1 and Y0 = L, CPE is an 

inductance; and when n = 0.5 and Y0 = W, CPE is a Warburg impedance. 

 (5) 

 (6) 

 

 
Figure 1. EIS plots of mild steel in 0.5 mol/L H2SO4 solution with various concentrations of PAP. 
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Figure 2. Equivalent circuit of the Nyquist plot. 

 

 

Table 1. Impedance data of mild steel in 0.5 mol/L H2SO4 solution with different concentrations of PAP 

 

 
C 

(mmol/L) 

Rs 

(Ω·cm2) 

Cdl 

(μF·cm–2) 

Rct 

(Ω·cm2) 

ηR 

(%) 

Blank 0 0.841 9.694 10.24 ─ 

PAP 

0.05 1.351 421.4 207.8 95.1 

0.1 1.297 414.1 297.6 96.6 

0.5 1.532 233.0 496.8 97.9 

1 1.702 196.3 786.2 98.7 

 

In the presence of the inhibitor, Rct increased and Cdl decreased. This decrease in the Cdl values 

occurs due to the decrease in the local dielectric constant and/or an increase in the thickness of the 

electrical double layer, which reveals that the inhibitor molecules adsorb at the metal/solution interface 

[25]. 

The anticorrosion performance of PAP was also compared with that of other organic inhibitors 

reported previously. The results are presented in Table 2, revealing that PAP shows a comparable or 

even better anticorrosion performance than the previously reported organic inhibitors. 

 

Table 2. Comparison of the anticorrosion performance of PAP and other organic inhibitors 

 

Inhibitors Electrolyte solution Optimum concentration Inhibition efficiency (EIS) Reference 

PBIa 1 M HCl 2 mmol/L 82.1%  [1] 

SBb 1 M HCl 1 mmol/L 89.5%  [3] 

BMN-2c 1 M HCl 150 mg/L 98.5%  [23] 

MDDABd 1 M HCl 0.1 mmol/L 95.8%  [26] 

2-PCNe 0.1 M HCl 10 mmol/L 95.6%  [27] 

Rabeprazole 

sulfidef 
0.5 M H2SO4 1 mmol/L 95.9%  [28] 

Bis(coumarin) 

compoundsg 
0.5 M H2SO4 150 ppm 93.1%  [29] 

DAPh 0.5 M H2SO4 10 mmol/L 89.8%  [21] 

PMPi 1 M HCl 1 mmol/L 97.2%  [20] 

PAP 0.5 M H2SO4 1 mmol/L 98.7% This work 
a 2-(4-pyridyl)-benzimidazole. 
b (E E)-N,N'-dibenzo [b,d]thiene-2,8-diylbis [1-(thiophen-2-yl)methanimine]. 
c 2-(4-dimethylamino) benzylidine malononitrile.  
d N-(2-(2-mercaptoacetoxy)ethyl)-N,N-dimethyl dodecan-1-aminium bromide. 
e 2-pyridinecarbonitrile. 
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f 2- [ [4-(3-methoxypropoxy)-3-methylpyridine-2-yl]-methylthio]-1H-benzimidazole. 
g 7,7’-(naphthalene-2,6-diylbis(methylene))bis(oxy)bis(4-methyl-2H-chromen-2-one). 
h 2,4-diaminopyrimidine. 
i 1-phenyl-3-methyl-5-pyrazolone. 

 

3.2 Polarization curve 

Potentiodynamic polarization curves for carbon steel in 0.5 mol/L H2SO4 with addition of 

inhibitor at various concentrations (0-1 mmol/L) are shown in Fig. 3. Electrochemical parameters such 

as corrosion potential (Ecorr), corrosion current density (icorr), corrosion inhibition efficiency (ηi), anodic 

Tafel slope (βa), and cathodic Tafel slope (βc), as listed in Table 3, were obtained by extrapolating the 

Tafel plots. As seen in the potentiodynamic polarization curves, inhibitor addition affects both anodic 

metal dissolution and cathodic hydrogen evolution reactions, which results in the decrease of icorr. The 

corrosion potential (Ecorr) values did not shift more than 85 mV with respect to the corrosion potential 

of the blank solution, which suggests that the inhibitor acts as a mixed-type inhibitor [26,30]. The 

cathodic (βc) and anodic Tafel slopes (βa) barely changed with the inhibitor concentration, which reveals 

that the inhibitor effectively inhibits the hydrogen evolution reaction. on the cathode and slows the 

dissolution rate of carbon steel. This proves that the inhibitor adsorbed onto the carbon steel surface and 

formed a film that hindered the active sites [31,32]. 

 
Figure 3. Polarization curves of mild steel in 0.5 mol/L H2SO4 solution with different PAP 

concentrations. 

 

Table 3. Polarization parameters and corresponding inhibition efficiencies for the corrosion of mild steel 

in 0.5 mol/L H2SO4 solution with different PAP concentrations. 

 

 
C 

(mmol/L) 

-Ecorr 

(mV/SCE) 

icorr 

(μA·cm–2) 

-βc 

(mV·dec–1) 

βa 

(mV·dec–1) 

ηi 

(%) 

Blank 0 0.449 251.2 178 132  

PAP 0.05 0.446 25.12 170 151 90.0 
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0.1 0.437 15.85 168 165 93.7 

0.5 0.465 6.312 161 133 97.5 

1 0.429 3.981 170 135 98.4 

 

3.3 Weight loss measurements 

The effect of the inhibitor concentration is presented in Fig. 4, which shows that the corrosion 

rate remarkably decreased and the inhibition efficiency (ηW%) increased with the increase in the inhibitor 

concentration. Very good ηW% values (98.4%) were obtained at the optimum PAP concentration of 1 

mmol/L, which is in good agreement with the η% values obtained from EIS and the polarization curves 

in 0.5 mol/L sulfuric acid solution. 

 
 

Figure 4. Results of the weight loss experiment. 

 

 

3.4 Adsorption isotherm 

Some supportive information about the mechanism of corrosion inhibition can be obtained from 

studying the adsorption isotherm. To obtain the isotherm, fractional surface coverages (θ) were 

determined as a function of the inhibitor concentration. The θ values can be easily calculated from the 

weight loss measurements. For PAP, the plots of C/θ vs C exhibit straight lines with slopes close to 1, 

and the linear correlation coefficients were also close to 1 (R2 = 0.999; Fig. 5), indicating that the 

adsorption of PAP on the mild steel surface fits well to the Langmuir adsorption isotherm: 

..(7) 

where Kads is the equilibrium constant of the adsorption/desorption process, and Cinh is the 

inhibitor concentration in the electrolyte, which is related to the standard free energy of adsorption 

(ΔGads) according to eq 8. The Kads value of 1.35 × 104 mol–1 demonstrates that a high proportion of PAP 
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adsorbs onto the carbon steel surface. The ΔGads value was calculated as –33.523 kJ/mol [27,33–42].  

..(8) 

The negative value of ΔGads indicates that the inhibitor adsorption on the steel surface is 

spontaneous. Generally, the ΔGads value is less than –20 kJ/mol and close to –40 kJ/mol, which suggests 

that a physisorption process (induced by electrostatic interactions between the inhibitor and the charged 

metal surface) as well as a chemisorption process (charge sharing and transfer from the organic 

molecules to the metal surface to form a coordinate bond) are involved in the adsorption process 

[28,43,44]. 

 
 

Figure 5. Adsorption isotherm for PAP on the surface of mild steel in 0.5 mol/L H2SO4 solution. 

 

3.5 Surface analyses 

Images of the carbon steel surface exposed to a 0.5 mol/L H2SO4 solution with and without PAP 

after 3 h were taken by SEM (Fig. 6). Fig. 6a clearly shows that the surface is severely damaged in the 

inhibitor-free region due to metal dissolution in acidic media. The metal surface was very rough and 

exhibited deep pits. In contrast, the appearance of the steel surface was different after 3 h immersion in 

acidic medium containing 1 mmol/L PAP. It can be seen from Fig. 6b that the surface was smoother and 

had less pits. 

 

  
 

Figure 6. SEM images of the steel surfaces with and without inhibitor: (a) without inhibitor; (b) with 1 

mmol/L PAP. 
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4. CONCLUSION 

PAP exhibits a good inhibition performance in 0.5 mol/L H2SO4 solution at room temperature. 

Its efficacy increases with increasing inhibitor concentration and reaches maximum values of 98.7% 

(determined by EIS) and 98.4% (determined from potentiodynamic polarization curves) at the optimum 

concentration of 1 mmol/L. Electrochemical tests indicate that PAP acts mainly as a mixed-type inhibitor 

by an adsorption process. The adsorption of PAP onto the surface of carbon steel obeys the Langmuir 

adsorption isotherm, occurs spontaneously, and proceeds according to a combined mechanism of 

chemisorption and physisorption. 
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