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ABSTRACT 
Inhibition effect of Ziprasidone on the corrosion of zinc in 0.1 M HCl and 0.05 M H2SO4 was 
studied by using Weight loss, Tafel polarisation and electrochemical impedance spectroscopy 
(EIS) methods.  Both chemical and electrochemical results indicated that Ziprasidone is an 
efficient inhibitor. Weight loss method was used to assess the effect of temperature on corrosion 
of zinc in different medium. Electrochemical and chemical methods results were agreeing each 
other. 
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INTRODUCTION 
 
Zinc is an active metal with numerous industrial applications and its coatings is largely used for 
the protection of steel. In humid atmosphere the zinc coated articles get corroded and thus the 
service life of articles gets reduced. To avoid the zinc corrosion generally a coating of passive 
layer is given to its surface. The chromation is one such method wherein the surface of zinc is 
exposed to chromate solution for few seconds. The chromate solutions have been applied 
successfully to protect zinc surface from white rust [1]. But the strict regulation on the 
environment restricts the use of chromate solution since chromium element being toxic in 
nature. The chromate passivation is an industrial process and this has to be replaced with non-
toxic solution, which exhibits the same protection as that of chromate solution [2].  
 
Inhibitors play a key role for inhibition of corrosion reaction of zinc in aqueous media. The 
earlier research work revealed the use of a large number of organic  compounds of different 
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nature as corrosion inhibitors for zinc [3-5]. Most of these organic compounds are adsorbed on 
the metal surface and provide a barrier between metal and environment, thereby reducing the 
rate of corrosion. The effectiveness of inhibition depends on the nature and surface charge of 
the metal, the nature of the medium, the nature and chemical structure of the inhibitor molecule 
such as functional groups, aromaticity, the п orbital character of the donating electron, steric 
factor, and electron density at the donor atoms  [6-7]. 

 
Ziprasidone hydrochloride-Synonym-Ziprasidone (marketed as Geodon, Zeldox), an 
antipsychotic, Food and Drug Administration (FDA) approved drug for the treatment of 
schizophrenia. It has many potential characters to function as an inhibitor. Six hetero atoms, each 
with lone electron pairs [8-9], π electron rich three aromatic rings, fair molecular size and quite 
good planarity to wrap sufficient metal surface. It contains both N and S hetero atoms. In the 
present work, we were intended compare the role of Ziprasidone on corrosion of zinc in 0.1 M 
HCl and 0.05 M H2SO4solution using weight loss, Tafel polarization and electrochemical 
impedance spectroscopy(EIS) techniques.  
 

EXPERIMENTAL SECTION 
 

The inhibitor used in this experiment was Ziprasidone. The structure was shown in Fig. 1. The 
treatment solution is different concentration of inhibitor in 0.1 M HCl and 0.05 M H2SO4. All the 
chemicals used were of AR grade (sd. fine chemicals Ltd., Mumbai) and doubly distilled water 
was used for the preparation of solutions. All the tests have been conducted in an aerated and 
unstirred solution. The pure zinc plate (Cu=0.185%, Al=0.006%, Fe=0.004%, Mn=0.3%, 
Sn=0.003%, Pb=0.002%, Cd=0.002% and the rest zinc) were used. Zinc sheets having 
rectangular shape with an exposed area of 2 cm x 4 cm x 1 cm were used for the corrosion rate 
measurements. The samples were first degreased with trichloroethylene, grounded with different 
grades of emery papers, washed with water and rinsed with alcohol. The dried and weighed 
samples were placed in 50cm3 of 0.1M HCl and 0.05 M  H2SO4 solutions with and without 
inhibitors for a period of 2 hours at 298 K. Runs were also done at different temperatures (308 & 
318 K). Duplicate experiments were performed in each case and the mean value of the weight 
loss was noted. Inhibition efficiency (IE %) were calculated. 

 
Fig. 1. Structure of inhibitor (Ziprasidone) 

 
The polarization studies were carried out for zinc strips having an exposed area of 1 cm2. The 
specimens were mechanically polished using different grades of emery paper and washed 
thoroughly with distilled water and degreased with acetone. Polarization experiments were 
performed using different concentration of inhibitor in different corrosive medium. A 
conventional three-electrode compartment consisting of zinc specimen, saturated calomel and 
platinum as the working, reference and counter electrodes respectively were selected. 
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Electrochemical measurements were carried out using CHI 660C electrochemical analyzer (USA 
make). The polarization curves were potentiodynamically obtained at open circuit potential 
(OCP) with a scan rate of 1mVs-1. Initially the potentials were scanned in the cathodic direction 
from the corrosion potential and consequently in the anodic direction. 
 
The impedance measurements were carried at OCP in the frequency range 1 mHz to 100 kHz 
with 5 mV sine wave as the excitation signal. The interfacial double layer capacitance (Cdl) and 
charge transfer resistance (Rct ) values were calculated from Nyquist plots. 

 
RESULTS AND DISCUSSION 

 
Mass loss measurements  
The Table 1 shows the inhibition efficiencies and surface coverage (θ) obtained from mass loss 
method at different concentrations of inhibitors in different corrosive medium at different 
temperature. The inhibition efficiency was calculated from the following relationship. 
 

                                        Wu - Wi 

          Inhibition efficiency (IE), ηML =                     X  100    
                                                          Wu 

where, Wu  and Wi  are the average weight-losses of  test sample after immersion in corrosive 
solutions with and without inhibitor, respectively. 
 
The variation of % ηw with different concentration of Ziprasidone, for 2 hrs of immersion time at 
30 ºC. Ziprasidone has remarkable inhibitive ability, both in HCl and H2SO4 media.   
 

Table 1 corrosion parameters for zinc in different acid media at different temperature obtained from mass 
loss measurements 

 
 
 
 
 
 
 
 
 
 

 
Table 2 Electrochemical corrosion parameters for zinc in different acid media obtained from polarization 

and impedence method. 

Corrosive 
Media 

Inhibitor 
Concentration 

% ηw at different temperature 
 

 µM 30º C 40º C 50º C 60º C 

HCl 

Blank - - - - 
5 80.2 70.9 58.3 50.0 
10 83.1 71.4 65.0 54.7 
50 85.6 72.3 66.6 60.1 

H2SO4 
5 61.2 55.9 46.4 36.7 
10 71.3 60.1 49.3 40.0 
50 72.0 68.6 52.9 45.0 

 Polarisation EIS 
Corrosive 

media 
Inhibitor conn 

(µM) 
Ecorrvs SCE 

( mV) 
I corr 

µA cm-2x 10-4 
βc 

mV/decade 
βa 

mV/decade 
% ηp 

Rp 

Ωcm2 
Cdl 

10-6 
% ηz 

HCl 

Blank 0.96 6.41 6.1 8.7 - 11 6.169 - 
5 0.98 1.34 7.8 11.4 79.0 63 8.761 82.54 
10 0.98 1.17 7.9 12.0 81.7 80 10.275 86.25 
50 0.98 1.13 8.1 10.9 82.3 89 9.093 87.64 

 Blank 0.96 0.97 6.6 10.3 - 12.12 0.294  

H2SO4 
5 0.96 0.38 6.6 13.0 60.4 63.6 8.262 80.9 
10 0.96 0.29 6.1 12.3 70.1 75.27 4.689. 83.89 
50 0.97 0.27 6.4 12.9 72.0 80.3 2.947 84.91 
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To examine the action of inhibitors at elevated temperatures, weight loss experiments were 
carried out at different temperature keeping immersion time at 2 hr. The variation of % ηw with 
temperature is shown Table 1. It indicated that % ηw, for both acids, decrease with the increase of 
temperature meaning that inhibitor molecules may be physisorbed on metal surface.  
 
Polarization studies 
The polarization studies of zinc specimens were carried out in 0.1 M HCl and 0.05 M H2SO4 
solutions separately in absence and presence of different concentrations of inhibitor and those are 
given in Fig. 2 and 3.  The inhibition efficiency (ηpol) was calculated using the relationship: 

 
 
 
 
 
Where Iocorr and Icorr are the corrosion current densities in absence and presence of inhibitor 
respectively. In the presence of inhibitor, the cathodic and anodic curves are shifted and the 
extent of shift depends on inhibitor concentration. The polarization curves in absence of inhibitor 
show that the current density in the anodic region increases rapidly indicating extensive 
dissolution of metal. The polarization parameters such as corrosion potential (Ecorr) and corrosion 
current density (Icorr) obtained by extrapolation of the Tafel lines are listed in Table 2. In 
presence of inhibitor, there is a marginal shift in Ecorr and a decrease in Icorr. The inhibitor present 
on the surface of metal hinders the attack of corrosive medium, and thereby reduces the I corr. The 
value of %IE increased with increase in inhibitor concentration, which indicates higher surface 
coverage of the metal. Corrosion potential values indicated that inhibitor acts as mixed type of 
inhibitor in both the acid medium. 

 
Fig. 2. Polarization profile of zinc in presence of different concentration of inhibitor in HCl medium 
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Fig. 3. Polarization profile of zinc in presence of different concentration of inhibitor in HCl medium 

 
Fig . 4 Nyquist plots for zinc in  HCl containing different concentrations of inhibitor. 

 
Electrochemical impedance spectroscopy (EIS) 
Nyquist plots for zinc in 0.1 M HCl and 0.05 M H2SO4 with different concentration of inhibitor 
are shown in  Fig. 4 and 5.  It was evident from these plots that the impedance response of zinc 

Polarization resistance is unequivocally to the corrosion current density in relatively simple corrosion 
systems characterized by a charge transfer controlled process [10]. The results show Rct values to 
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increase with treatment time. Since Rct  is inversely proportional to the corrosion current and it 
can be used to calculate the inhibition efficiency (ηE I S %) from the relation [11] 
 
 
 
 
where Rct

 and Rct
I are the charge transfer resistances in the presence and absence of inhibitors. It 

should be noted from Table 3 that charge transfer resistance values increases with increase in 
inhibitor concentration, and the decrease in capacitance values indicated the formation of a 
surface film. The equivalent circuit of the system is a classical Randles circuit, with a parallel 
capacitor (c) resistor (RP) in series with another resister (RS) 

 
 

Fig . 5 Nyquist plots for zinc in  H2SO4 containing different  concentrations of inhibitor 

 
CONCLUSION 

 
Ziprasidone. reduced the corrosion rate of zinc considerably in both HCl and H2SO4 medium. 
The IE% resulted from electrochemical and weight loss measurements were in good agreement. 
The rate of corrosion decreased with inhibitor concentration and increased with temperature. 
These results show that Ziprasidone are good corrosion inhibitor for zinc in HCl and H2SO4 

medium. 
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