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ABSTRACT 
 

Two heterocyclic compounds namely 4-phenyl-5-acetyl-3-methyl-6-hydroxl-6-methyl-4,5,6,7-
tetrahydro-2,1-benzoisoxazole(BIS)  and benzopyrazole (BP) were synthesized in efficient yield and 
their influence on the  corrosion of mild steel in 1M H2SO4  and 1M HCl was investigated by weight 
loss, potentiodynamic polarization and electrochemical impedance(EIS) techniques. Both the  
inhibitors demonstrated remarkable efficiency  at a conc. of  0.6mM at room temperature in 1 M HCl 
and in 1M H2SO4 . The values of activation energy and free energy of adsorption of the compounds 
were also calculated. Adsorption obeys Langmuir adsorption isotherm. The IE of the compounds was 
found to vary with concentration and temperature. The ΔGºads values of upto –20 kJ/mol in 1 M HCl 
and in 1M H2SO4  pointed towards the physisorption of the inhibitor  molecules on the mild steel 
surface. Polarization curves indicated that the inhibitors behave mainly as mixed-type in 1MHCl and 
predominantly anodic in 1M H2SO4.  EIS showed that the charge transfer controls the corrosion process 
in the uninhibited and inhibited acids. 
KEY WORDS: corrosion inhibition, weight loss, potentiodynamic polarization, impedance, 

physisorption. 
  

1. INTRODUCTION 
 

Organic compounds containing polar functions with nitrogen, oxygen, or sulphur atoms as well as 
heterocyclics containing conjugated double bonds are usually used to mitigate the electrochemical 
corrosion attack on metallic materials and have been reported as effective inhibitors of mild steel corrosion 
in acidic media even in very small concentrations[1-3] These organic compounds are adsorbed on metallic 
surface and decrease the corrosion rate. The most efficient inhibitors are organic compounds containing л 
bonds in their structures. The adsorption of these compounds is influenced by the electronic structure, steric 
factor, aromaticity and electron density at the donor site, presence of functional groups such as –CHO,-
N=N,-OH etc., molecular area and molecular weight of the inhibitor molecule[4-6].In continuation of our 
work on development of N and O containing corrosion inhibitors for acidic solutions, we report here a 
comparative study on the inhibiting properties of synthesized benzoisoxazole(BIS)  and benzopyrazole(BP) 
in 1M HCl and 1M H2SO4. 
 

2. MATERIALS AND METHODS 
2.1 Synthesis of inhibitor 
 

Benzoisoxazole was synthesized as described by the reported method [7] Benzopyrazole derivative 
was synthesized following the same scheme using hydrazine hydrate instead of hydroxylamine 
hydrochloride. The compounds were characterized by IR spectra; and the purity was checked by thin layer 
chromatography. IUPAC name and molecular structure of the compounds are given in Table1. 
 

2.2 Corrosive Solutions: 
1M H2SO4 and 1M HCl were prepared by dilution of analytical grade H2SO4 and HCl with 

distilled water and standardized with a standard base. The concentration range of inhibitors used was 
0.05mM- 0.6mM in the acids. 
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Table-1 
S.No Structure of the compounds IUPAC Name 
 
 
1. 

 
 

 
4- phenyl-5-acetyl-3-methyl-6-hydroxyl-6-methyl-4,5,6,7-tetrahydro- 

2,1-benzoisoxazole (BIS) 
 
 
 
 

 
 
2. 

  
 

4- phenyl-5-acetyl-3-methyl-6-hydroxyl-6-methyl-4,5,6,7-
tetrahydro- 2,1-benzopyrazole (BP) 

 
2.3 Weight loss method 
 

2.3.1 Material: 
 

Weight loss experiments were performed with a cold rolled mild steel specimen of size 5 cm x 2 
cm x 0.05 cm having composition (Wt %) C-0.07%, S-Nil, P-0.008%, Si-Nil, Mn-0.34% and balance iron. 
The specimens were polished using series of emery papers and finally degreased with trichloroethylene and 
immediately used for the experiments. 
 
2.3.2 Experimental procedure 
 
            Weight loss measurements were carried out by weighing the specimens before and after immersion 
in 100ml acid solution for 3 hours in the absence and presence of inhibitors of various concentrations. 
Duplicate experiments were performed in each case and mean value of the weight loss was recorded. From 
the initial and final masses of the specimen the weight loss was calculated. From this weight loss value, 
inhibition efficiency and corrosion rate were determined.  
 
Where Wb = weight loss without inhibitor; 
Wi = weight loss with inhibitor.   

                                   
Corrosion rate has been determined by using the following relationship. 
                                                      534 x   W 
                      Corrosion rate (mpy) =    --------------- 
                                                                A x T x D 
Where W=Weight loss in mg: A=Area in inch2

; T=Time of immersion in sec; D=Density in gm/cc            
 

Surface coverage (θ) has been determined using the following relationship. 
                                                                  Wb - Wi 
                          Surface coverage (θ) = -------------- 

                                                       Wb  
 

The procedure was repeated at various temperatures in the range 303K – 333K. 
 
2.4 Electrochemical studies 

 

2.4.1 Electrode surface preparation: 
 
            Mild steel rod of same composition embedded with Teflon with an exposed area of 0.8113inch2 
was polished using 1/0, 2/0, 3/0 and 4/0 grade emery papers and finally degreased with trichloroethylene 
and immediately used for the experiments. 
 

                                        Wb -Wi 
Inhibition efficiency (%) =  -------------    X   100 
                                                   Wb                                                                                                                               

N O
CH3

C O
CH3

HO
H3C

N NH
CH3  

CO
CH3  

H O
H3C  
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2.4.2 Electrode cell assembly: 
 

            Electrochemical measurements were carried out with a three electrode cell assembly. The working 
electrode was the mild steel rod. A saturated calomel electrode was used as the reference electrode and a 
rectangular Platinum foil was used as the counter electrode. The solution capacity is 100ml. 
 
2.4.3 Electrochemical study: 
  

            Electrochemical impedance spectroscopy (EIS) and Tafel polarization were conducted in an 
electrochemical measurement unit (Model 1280 B solartron, UK ). The EIS measurements were made at 
corrosion potential over a frequency range of 10 kHz to 0.01 Hz with signal amplitude of 10 mV. The Tafel 
polarization measurements were made after EIS for a potential range of -200 mV to +200 mV with respect 
to open circuit potential, at a scan rate of 1 mV/sec. The Icorr, Ecorr, Rct and Cdl values were obtained from the 
data using the corresponding “Corr view” and “Z View” software. The inhibition efficiency from 
potentiodynamic polarization was calculated from the value of  Icorr by using the formula. 
                                                       Icorr (blank) – Icorr (inh) 
                Inhibition Efficiency (%) =------------------------------X 100 
                                                                          Icorr (bank) 
The inhibition efficiency from the impedance measurements was calculated using the formula 
                                                                        Rct (inh)   - Rct (blank) 
                Inhibition efficiency (%) =----------------------------- X 100 
                                                                                 Rct (inh) 
Rct (inh) is the charge transfer resistance in the presence of inhibitor. 
Rct (blank) is the charge transfer resistance in the absence of inhibitor. 

 
3. RESULTS AND DISCUSSION 

 
3.1 Weight loss studies 

The values of I.E(%) obtained from weight loss method at different concentrations of inhibitors in 
1M HCl and 1M H2SO4 were reported in Table 2. It was observed that the I.E increases with concentration 
of BIS and BP in both the acids and reaches the maximum value at 0.6 mM. 

 

Table2: Inhibition efficiency of various concentrations of the inhibitors for the corrosion of mild steel in 
1M H2SO4 and 1M HCl by weight loss method at room temperature   

Inhibitor Concentration of Inhibitor I.E in HCl I.E % in H2SO4 

BIS 0.05 
0.1 
0.3 
0.6 

76.86 
88.99 
94.91 
98.33 

60.36 
83.89 
92.86 
96.64 

BP 0.05 
0.1 
0.3 
0.6 

76.84 
88.31 
96.28 
97.52 

50.11 
61.59 
92.33 
95.01 

 

3.2 Effect of temperature: 
 To investigate the mechanism of inhibition and to determine the activation energies of the 
corrosion process, the weight loss studies were carried out at various temperatures from 313-333K in 1M 
HCl and 1M H2SO4. The results are given in Table 3. The inhibition efficiency decreases with temperature 
for the inhibitors in both the acids. 

The decrease in I.E with temperature may be attributed to desorption of the inhibitor molecules 
from the metal surface at higher temperature. But the values are not decreased very much which suggests 
that the adsorption-desorption equilibrium is not completely shifted towards desorption and still there 
remains the protective layer of the inhibitors on the surface. This shows that the compounds are effective 
even at 333K in both the acids.  

Fig 1 & 2 represent the Arrhenius plots for the inhibitors in 1M HCl and 1M H2SO4 respectively. 
The slopes of the straight lines permit the calculation of Arrhenius activation energy Ea for the corrosion 
process. The values of Ea (Table 4) are higher in the presence of inhibitors than in their absence. These 
types of inhibitors retard the corrosion process at ordinary temperatures whereas the efficiency is 
considerably decreased at elevated temperatures[8]. 
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Table.3: Inhibition efficiency at 0.6 mM concentration of the inhibitors for the corrosion of mild steel in 
1M H2SO4 and 1M HCl by weight loss method at higher temperatures 
 

Inhibitor Temperature (K) I.E in HCl I.E % in H2SO4 

BIS 303 
313 
323 
333 

98.33 
95.98 
92.31 
88.87 

96.64 
90.58 
89.5 

85.23 
BP 303 

313 
323 
333 

97.52 
90.81 
89.94 
87.05 

95.01 
87.93 
80.54 
68.41 

 

 
 
Fig 1 Arrhenius plot for mild steel corrosion in 1M 
H2SO4 solution in the absence and presence of 
inhibitors at 0.6 mM concentration. 

 
 

Fig 2 Arrhenius plot for mild steel corrosion in 1M 
HCl solution in the absence and presence of inhibitors 
at 0.6 mM concentration 
 

Table.4: Activation energy (Ea) and Free energy of adsorption for the corrosion of mild steel in 1M H2SO4  
and 1M HCl in the presence and absence of inhibitors 

 

Inhibitor Ea kJ -ΔGºads kJ 
HCl H2SO4 303 K 313 K 323 K 333 K 

HCl H2SO4 HCl H2SO4 HCl H2SO4 HCl H2SO4 
Blank 52.89 32.75 - - - - - - - - 
BIS 76.56 78.15 18.34 21.19 22.33 20.33 21.13 18.83 17.91 18.28 
BP 75.23 73.95 18.007 18.09 22.33 16.948 18.04 15.97 17.8 14.67 

 
 

 

Fig 3 Langmuir isotherm plot for mild steel corrosion 
in 1M H2SO4 containing different concentrations of 
the inhibitors 
 

 
 

Fig 4 Langmuir isotherm plot for mild steel corrosion 
in 1M HCl containing different concentrations of the 
inhibitors

3.3 Adsorption isotherm: 
               The electrochemical process which occurs on the metal-aggressive solution interface is greatly 
influenced by the adsorption of the inhibitor molecules and the adsorption is known to depend on the 
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chemical structures. Therefore adsorption isotherms are very important in determining the mechanism of 
inhibition. The surface coverage values θ determined by weight loss study at 303K were used for this study. 
Plots of C/ θ vs C were found to be linear (Fig 3 & 4) in both the acids. Therefore the adsorption of the 
inhibitors follow Langmuir isotherm on the metal surface forming a protective barrier film which prevented 
the contact of the metal with the acids. The free energy of adsorption (ΔGºads) values are calculated using 
the equation 

∆G◦
ads = -2.303 RT log(55.5K) 

where K = log (θ/C(1 − θ)), θ = surface coverage from weight loss method, 55.5 is the concentration of 
water in solution in moles / lit. The values of ∆G◦

ads are given in Table 4. ∆G◦
ads are negative values less 

than -40 kJ/mole which is the threshold value required for chemisorptions. Hence the adsorption of BIS and 
BP on mild steel surface is spontaneous and consistent with physisorption mechanism[9]

 . 

 

 
 
Fig 5 Polarisation curves for mild steel in 1M H2SO4 
containing various concentrations of BIS 
1)  1M H2SO4  2) 1M H2SO4+0.05 mM BIS 3) 1M 
H2SO4+ 0.1 mM BIS  4) 1M H2SO4 + 0.3 mM BIS  5) 
1M H2SO4 + 0.6 mM BIS  

 
Fig 6  Nyquist plot for mild steel corrosion 1M H2SO4 
containing various concentrations of BIS 
1)  1M H2SO4  2) 1M H2SO4+0.05 mM BIS 3) 1M 
H2SO4+ 0.1 mM BIS  4) 1M H2SO4 + 0.3 mM BIS  5) 
1M H2SO4 + 0.6 mM BIS  

 
3.4 Polarisation studies 
           Polarisation curves for mild steel in 1M H2SO4 at various concentrations of the inhibitors BIS  are 
shown in Fig 5 and Fig 6 the corresponding polarization data (ba, bc, Ecorr, Icorr) are recorded in Table 5.  In 
H2SO4 medium the Ecorr value is shifted in the noble direction in the presence of inhibitors. Further the 
Tafel slopes ba and bc are both decreased but ba values are much affected showing that the inhibitors 
behave predominantly as anodic inhibitors affecting the anodic metal dissolution reaction. 
 

Table. 5: Corrosion parameters for mild steel for various concentrations of the inhibitors in1M H2SO4 and 
1M HCL by Potentiodynamic polarization studies 
 

Name of 
the         
Inhibitor 

                                                  (1M H2SO4)                                         (1M HCl)                   
Inhibitor 
concentration 
(mM) 

Icorr 
μA/cm2 
 

Ecorr 
(mV ) 

ba 
(mV/dec) 
 

bc 
(mV/dec) 
 

Inhibitio
n 
efficiency 
     (%) 

Icorr 
μA/cm2 
 

Ecorr 
(mV ) 

ba 
(mV/dec) 
 

bc 
(mV/dec) 
 

Inhibitio
n 
efficiency 
     (%) 

 Blank 770 -
592.01 

184.67 206  1667 -
575.84 

120.79 149.35  

 
BIS 
 

0.05 583 -
580.63 

164.88 200.38 23.51 919 -
570.87 

101.24 152.76 44.88 

0.1 329 -
570.37 

120.75 177.71 57.28 490 -
561.07 

94.864 139.3 70.61 

0.3 127.36 -
551.58 

89.033 156.38 83.46 289 -
554.91 

89.87 132.03 82.76 

0.6 27.694 -
539.38 

63.701 97.842 96.4 99.6 -
552.73 

70.39 124.05 94.03 

 
  BP 

0.05 420.01 -
574.67 

140.24 183.94 45.45 1260 -
570.61 

109.39 158.57 24.42 

0.1 232.89 -
567.32 

108.07 172.56 69.75 901.2 -563.1 100.96 137.27 45.94 

0.3 163.17 -
559.05 

98.317 159.42 78.81 262.3 -
554.82 

89.96 132.69 84.27 

0.6 94.69 -
548.12 

83.758 158.58 87.7 130 -
541.52 

79.99 99.771 92.20 
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             On the other hand in HCl medium the Ecorr values are not shifted much and both ba and bc are 
decreased to the same extent. Therefore the inhibitors can be regarded as mixed type in HCl. 
 
 

3.5 EIS studies 
 

The anticorrosive performance of the inhibitors was also studied by electrochemical impedance 
spectral studies at 30±1°C for various concentrations of inhibitors in1M H2SO4 and 1M HCl. The data 
obtained are given in Table 6.The Rct is increased in the presence of inhibitors. Maximum increase was 
observed for BIS at 0.6mM concentration in both the media. 
 

Table. 6: AC impedance parameters for mild steel for various concentrations of the inhibitors in1M H2SO4 
and 1M HCl 

 
   The double layer capacitance Cdl decreased, as concentration is increased. This decrease may be due 
to the adsorption of the compounds on the metal surface leading to a film formation. The corresponding 
Nyquist plot for BIS in1M H2SO4 is shown in Fig 6 As can be noticed, the impedance diagrams are perfect 
semi-circles indicating a charge transfer process mainly controlling the corrosion of steel. 
 
3.6 Comparison of IE in 1M HCl and 1M H2SO4 
 

               Comparison of IE values of the inhibitors obtained by all the three methods in 1M HCl and 1M 
H2SO4 reveal that the inhibition efficiency is more for both the inhibitors at lower concentration in 1M HCl 
compared to that in 1M H2SO4. But the efficiencies are comparable at higher concentration in both the 
acids. Based on interaction energy and induced charge data Lashgari etal have  reported that Cl- anions are 
not only adsorbing more strongly but inducing also greater negative charges to the corroding metal 
atoms[10]. They have also reported that surface concentration of SO4

2- ions should be low because of strong 
electrostatic repulsion operating between these divalent anions at the interface. In acid medium the organic 
inhibitors get protonated as cations. The adsorptions of these cations are assisted by the already adsorbed 
Cl- anions giving synergistic effect. Evidently the synergistic effect is greater with Cl- anion as compared to 
SO4

2- ions. But as the concentration of the inhibitors is increased more and more of the inhibitor molecules 
get adsorbed by planar adsorption of the neutral molecules through physisorption between the lone pairs of 
electrons on N and O atoms and Pelectrons of the aromatic ring in addition to the lateral ionic adsorption 
[11].  Hence the surface is fully covered by inhibitor molecules in both the acids and hence I.E values in both 
the acids are almost closer.   
     

Conclusion 
 

 Benzoisoxazole and benzopyrazole derivatives exhibit excellent inhibition efficiency towards 
corrosion of mild steel in1M H2SO4 and 1M HCl solution. 

 At lower concentration the inhibitors show better performance in HCl than in H2SO4 which may be 
due to the synergistic effect of the Cl- ions. 

 The optimum inhibition efficiency of these compounds was achieved at a concentration 0.6mM. 
 Inhibition Efficiency decreases with increase in temperature but increases with increase in 

concentration of inhibitors in both the acid.  
 The inhibitors were adsorbed on the mild steel by physisorption mechanism. 

Name of the             
Inhibitor 

Inhibitor 
concentration 

(mM) 

(1M H2SO4)                   (1M HCl)                   

Rct 
(ohm cm2) 

Cdl 
(mV vs SCE)  x 

10-5 

Inhibition 
efficiency 

(%) 

Rct 
(ohm cm2) 

Cdl 
(mV vs SCE)  x 

10-5 

Inhibition 
efficiency 

(%) 
 Blank 3.97 1.25  16.571 7.991  
 
BIS 
 

0.05 4.7214 7.17 15.91 29.562 7.876 86.57 
0.1 7.6268 7.53 47.95 39.642 7.84 89.99 
0.3 15.366 7.51 74.16 52.4 6.402 92.42 
0.6 23.468 8.54 83.08 161.99 5.6201 97.55 

 
  BP 

0.05 5.9458 7.23 33.23 18.091 0.999 78.06 
0.1 11.26 8 64.74 19.554 0.90054 79.7 
0.3 12.132 7.5 67.28 71.286 6.506 94.43 
0.6 16.89 7.91 76.49 134.54 5.8922 97.05 
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 The adsorption of inhibitors on mild steel in 1M H2SO4 and 1M HCl obeys Langumuir adsorption 
isotherm. 

 Potentiodynamic polarization studies suggest that the inhibitors are mixed type in HCl and anodic 
in1M H2SO4. 

 AC impedance study implies that the charge transfer process mainly controls the corrosion of 
steel. 
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