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ABSTRACT

Inhibition effect of Ziprasidone on the corrosion of zinc in 0.1 M HCI and 0.05 M H,S0O, 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 industrigblagations and its coatings is largely used for
the protection of steel. In humid atmosphere time zioated articles get corroded and thus the
service life of articles gets reduced. To avoid zive corrosion generally a coating of passive
layer is given to its surface. The chromation ie sach method wherein the surface of zinc is
exposed to chromate solution for few seconds. Thr®ncate solutions have been applied
successfully to protect zinc surfab®em white rust [1]. But the strict regulation ohet
environment restricts the use of chromate soluBmte chromium element being toxic in
nature. The chromate passivation is an industratgss and this has to be replaced with non-
toxic solution, which exhibits the same protectasthat of chromate solution [2].

Inhibitors play a key role for inhibition of corros reaction of zinc in aqueous media. The
earlier research work revealed the use of a latgeber of organic compounds of different
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nature as corrosion inhibitors for zinc [3-5]. Madtthese organic compounds are adsorbed on
the metal surface and provide a barrier betweemlnagid environment, thereby reducing the
rate of corrosion. The effectiveness of inhibitidepends on the nature and surface charge of
the metal, the nature of the medium, the naturecéedhical structure of the inhibitor molecule
such as functional groups, aromaticity, th@rbital character of the donating electron, steric
factor, and electron density at the donor atomg]]6

Ziprasidone hydrochloride-Synonym-Ziprasidone (meéed as Geodon, Zeldox), an
antipsychotic, Food and Drug Administration (FDAppaoved drug for the treatment of
schizophrenia. It has many potential charactefariotion as an inhibitor. Six hetero atoms, each
with lone electron pairs [8-9%F electron rich three aromatic rings, fair molecidere and quite
good planarity to wrap sufficient metal surfacecdntains both N and S hetero atoms. In the
present work, we were intended compare the rol&imfasidone on corrosion of zinc in 0.1 M
HCl and 0.05 M HSOssolution using weight loss, Tafel polarization ael@ctrochemical
impedance spectroscopy(EIS) techniques.

EXPERIMENTAL SECTION

The inhibitor used in this experiment was ZiprasiloThe structure was shown in Fig. 1. The
treatment solution is different concentration dfitor in 0.1 M HCI and 0.05 M $0,. All the
chemicals used were of AR grade (sd. fine chemictals Mumbai) and doubly distilled water
was used for the preparation of solutions. All tests have been conducted in an aerated and
unstirred solution. The pure zinc plate (Cu=0.18584+0.006%, Fe=0.004%, Mn=0.3%,
Sn=0.003%, Pb=0.002%, Cd=0.002% and the rest zimeje used. Zinc sheets having
rectangular shape with an exposed area of 2 cnem # 1 cm were used for the corrosion rate
measurements. The samples were first degreasedrighloroethylene, grounded with different
grades of emery papers, washed with water anddimsth alcohol. The dried and weighed
samples were placed in 50tmf 0.1M HCI and 0.05 M bSO, solutions with and without
inhibitors for a period of 2 hours at 298 K. Runsrevalso done at different temperatures (308 &
318 K). Duplicate experiments were performed inheease and the mean value of the weight
loss was noted. Inhibition efficiency (IE %) weidaulated.

ing

Fig. 1. Structureof |nh|b|tor (Ziprasidone)

The polarization studies were carried out for ztips having an exposed area of 1°cithe
specimens were mechanically polished using difteigmades of emery paper and washed
thoroughly with distilled water and degreased wattetone. Polarization experiments were
performed using different concentration of inhibitcn different corrosive medium. A
conventional three-electrode compartment consistihginc specimen, saturated calomel and
platinum as the working, reference and counter teldes respectively were selected.
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Electrochemical measurements were carried out UBhligo60C electrochemical analyzer (USA
make). The polarization curves were potentiodynatftyicobtained at open circuit potential
(OCP) with a scan rate of 1mVslnitially the potentials were scanned in the oaih direction
from the corrosion potential and consequently endhodic direction.

The impedance measurements were carried at OCkeifraquency range 1 mHz to 100 kHz
with 5 mV sine wave as the excitation signal. Timerfacial double layer capacitanceyj@Gnd
charge transfer resistance.{Rvalues were calculated from Nyquist plots.

RESULTSAND DISCUSSION

Mass |oss measur ements

The Table 1 shows the inhibition efficiencies andace coveraged) obtained from mass loss
method at different concentrations of inhibitors different corrosive medium at different
temperature. The inhibition efficiency was calcethfrom the following relationship.

W, - W,
Inhibition efficiency (IE), /iy, = —X 100
W,
where, W and W are the average weight-losses of test sample iaft@ersion in corrosive
solutions with and without inhibitor, respectively.

The variation of %, with different concentration of Ziprasidone, foh of immersion time at
30 °C. Ziprasidone has remarkable inhibitive apilitoth in HCl and E5O, media.

Table 1 corrosion parametersfor zincin different acid media at different temperature obtained from mass

loss measur ements
Corrosive Inhibitor % ny at different temperature
Media | Concentration
uM 30°C| 40°Q 50°C 60°C
Blank - - - -

Hel 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

5 61.2| 55.9| 46.4] 36.1

H,SO, 10 71.3| 60.1] 49.3 40.(

50 72.0| 68.6] 52.9 45.(

Table 2 Electrochemical corrosion parametersfor zinc in different acid media obtained from polarization
and impedence method.

Polarisation EIS
Corrosive | Inhibitor corf' | E.,vs SCE | corr Bc Ba o Ry Cal o
- 4 on 2 -6 YoM,
medie (UM) (mvVv) HA cmr™x 1C mV/decad | mV/decad P Qcm 10
Blank 0.96 6.41 6.1 8.7 - 11 6.16P -
Hel 5 0.9¢ 1.34 7.8 11.4 79.C 63 8.761 82.5¢
10 0.98 1.17 7.9 12.0 81.7 80 10.2/5 86.25
50 0.98 1.13 8.1 10.9 82.3 89 9.093 87.64
Blank 0.9¢ 0.97 6.€ 10.Z - 12.12 0.29¢
5 0.96 0.38 6.6 13.0 60.4 63.6 8.262 80.p
H,SO, 1C 0.9¢ 0.2¢ 6.1 12.: 70.1 75.2% 4.689 83.8¢
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 geratures, weight loss experiments were
carried out at different temperature keeping immarsime at 2 hr. The variation of 9%, with
temperature is shown Table 1. It indicated that,dor both acids, decrease with the increase of
temperature meaning that inhibitor molecules maptbgsisorbed on metal surface.

Polarization studies
The polarization studies of zinc specimens wereiedhrout in 0.1 M HCI and 0.05 M 430,
solutions separately in absence and presencefefatit concentrations of inhibitor and those are
given in Fig 2 and 3. The inhibition efficiency)fo) was calculated using the relationship:

1°  — |

corr corr

n __ X 100
(o]

corr

Where P and Lo are the corrosion current densities in absencepaasence of inhibitor
respectively. In the presence of inhibitor, thehodic and anodic curves are shifted and the
extent of shift depends on inhibitor concentratibhe polarization curves in absence of inhibitor
show that the current density in the anodic regiocreases rapidly indicating extensive
dissolution of metal. The polarization parametershsas corrosion potential {f) and corrosion
current density (b,) obtained by extrapolation of the Tafel lines disted in Table 2 In
presence of inhibitor, there is a marginal shifEig, and a decrease ig,}. The inhibitor present
on the surface of metal hinders the attack of @weomedium, and thereby reduces thg.IThe
value of %IE increased with increase in inhibitoncentration, which indicates higher surface
coverage of the metal. Corrosion potential valuecated that inhibitor acts as mixed type of
inhibitor in both the acid medium.

HC1
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Fig. 2. Polarization profile of zinc in presence of different concentration of inhibitor in HCl medium

504



T.V. Venkateshaet al J. Chem. Pharm. Res,, 2011, 3(1):501-507

£
(&)
<
S (a) Blank
- -6
(b) ——5 M
: (c) 10 pM
7 d (d) ——50 uM

T T T T T T v T v ) v L}
-1.050 -1.025 -1.000 -0.975 -0.950 -0.925 -0.900
E (V v/s SCE)

Fig. 3. Polarization profile of zinc in presence of different concentration of inhibitor in HCI medium
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Fig . 4 Nyquist plotsfor zincin HCI containing different concentrations of inhibitor.

Electrochemical impedance spectroscopy (EIS)

Nyquist plots for zinc in 0.1 M HCI and 0.05 M,8O, with different concentration of inhibitor
are shown in Fig. 4 and 5. It was evident fromsthplots 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 coedrpliocess [10]. The results show Wlues to
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increase with treatment time. Sincg B inversely proportional to the corrosion currant it
can be used to calculate the inhibition efficie(gy, s%) from the relation [11]
rlEIS _ Rct‘ Rctl
- - X 100

ct

where R;and R{ are the charge transfer resistances in the presemtabsence of inhibitors. It
should be noted from Table 3 that charge trangsistance values increases with increase in
inhibitor concentration, and the decrease in capace values indicated the formation of a
surface film. The equivalent circuit of the systera classical Randles circuit, with a parallel
capacitor (c) resistor @rin series with another resistergjR
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Fig.5 Nyquist plotsfor zincin H,SO,4 containing different concentrations of inhibitor

CONCLUSION

Ziprasidone. reduced the corrosion rate of zincsmerably in both HCI and 130, medium.
The IE% resulted from electrochemical and weightlmeasurements were in good agreement.
The rate of corrosion decreased with inhibitor @mration and increased with temperature.
These results show that Ziprasidone are good dorrashibitor for zinc in HCI and k8O,
medium.
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