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Abstract Polymeric Schiff base containing aniline, formaldehyde and piperazine (AFPP) was syn-

thesized and investigated as corrosion inhibitor for mild steel in 1 M HCl by weight loss measure-

ments, electrochemical impedance spectroscopy (EIS) and potentiodynamic polarization

techniques. Experimental results showed that AFPP is an effective inhibitor for mild steel in 1 M

HCl and exhibited 98% inhibition efficiency. Potentiodynamic polarization studies showed that

AFPP is a mixed-type inhibitor predominantly cathodic type. The adsorption of inhibitor on the

mild steel surface followed Langmuir adsorption isotherm. Activation energy (Ea), standard energy

of adsorption (DG�ads), enthalpy of activation (DH*), and entropy of activation (DS*) of corrosion

process were calculated and discussed.
ª 2014 Production and hosting by Elsevier B.V. on behalf of University of Bahrain.

1. Introduction

The corrosion inhibition of mild steel has tremendous techno-
logical importance due to its increased industrial applications

(Ali et al., 2003). Corrosion is the serious problem that man-
kind is facing (Ahmad and MacDiarmd, 1996).

Acid has wide applications in industry such as in pickling,

cleaning, decaling etc. To prevent the corrosion of the metal,
inhibitors are extensively used. The selection of an inhibitor
mainly depends upon its efficiency, economic feasibility and

side effects on the environment.

The use of polymers as corrosion inhibitors has drawn con-
siderable attention due to their inherent stability, cost effective-
ness and better inhibition efficiency at a very low concentration

(Umoren et al., 2008). Both natural and synthetic polymers
have been used as corrosion inhibitors (Shukla and Quraishi,
2012). These polymers have high molecular weight and bulky

structure due to this they can cover more area on the metal sur-
face, which leads to high inhibition efficiency.

In continuation of our work on corrosion inhibition by
polymers (El-Etre, 1998; Shukla et al., 2008; Quraishi and

Shukla, 2009), we have reported the corrosion inhibition effect
of polymer derived from aniline, formaldehyde and piperazine
(AFPP) (Parveen et al., 2008) which increases the corrosion

inhibition property at low concentration (100 mg L�1) with
inhibition efficiency of 98%.

In the present work we have studied the inhibitive effect of

polymer derived from aniline, formaldehyde and piperazine
(AFPP) on mild steel in 1 M hydrochloric acid (HCl) by using
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weight loss, electrochemical impedance spectroscopy (EIS),
and potentiodynamic polarization techniques. According to
literature survey, no work has been done on this compound

as corrosion inhibitor.

2. Experimental

2.1. Materials and chemicals

The inhibitor under investigation has been synthesized else-

where (Parveen et al., 2008). Its scheme of synthesis is shown

in Fig. 1.
The corrosion test was performed on the mild steel strips

containing (in wt.%) C: 0.076, P: 0.012, Si: 0.026, Mn: 0.192,
Cr: 0.050, Cu: 0.135, Al: 0.023, Ni: 0.050 and remaining Fe.

Mild steel strips used for weight loss measurement have dimen-
sion 2.5 cm · 2.0 cm · 0.025 cm. For electrochemical measure-
ments, 7.5 cm long stem of mild steel strips with exposed

surface area of 1.0 cm2 (rest being coated with commercially
available lacquer) was used. The test solution, 1 M HCl was
prepared by dilution of analytical grade HCl with double dis-

tilled water. The inhibitor concentration ranges from 25 to
100 mg L�1.

2.2. Methods

2.2.1. Weight loss measurements

The weight loss measurements of mild steel strips of size

2.5 cm · 2.0 cm · 0.025 cm were used in 1 M HCl without

and with addition of different concentrations of inhibitor for
3 h at 308 K temperature without stirring. Following equa-
tions were used for the determination of inhibition efficiency

g% and surface coverage (h):

g% ¼ CR � CRðiÞ

CR

� 100 ð1Þ

h ¼ CR � CRðiÞ

CR

ð2Þ

where CR and CR(i) are the values of the corrosion rates
(mg cm�2 h�1) of mild steel in the absence and presence of
inhibitor, respectively.

2.2.2. Electrochemical measurements

All electrochemical experiments were performed in Gamry

electrochemical cell with three electrode cell, consisting of a
mild steel rod of 1 cm2 as working electrode, a platinum foil
as counter electrode and standard calomel electrode (SCE) as

a reference electrode, connected to Gamry Instrument Poten-
tiostat/Galvanostat with a Gamry framework system based
on ESA 400. Gamry applications include EIS 300 for EIS mea-

surements, DC 105 software for corrosion and Echem Analyst
(version 5.50) software package for data fitting. All potentials
were measured versus SCE. The electrolyte used was 1 M HCl
maintained at 308 K.

2.2.2.1. Electrochemical impedance spectroscopy (EIS). EIS
measurements were carried out with Gamry Instrument Poten-

tiostat/Galvanostat, which consists of a unit with a potentio-
stat and an acquisition system. The principle of this
analytical technique consists of superposing a slight sinusoidal

voltage DE sin xt (10 mV peak to peak) from high to low fre-
quency (105–10�2Hz) to the potential applied to the sample.

2.2.2.2. Potentiodynamic polarization. Potentiodynamic polari-
zation curves were obtained by changing the electrode potential
automatically from�250 to+250 mV versus EOC at a scan rate
of 1 mV s�1. All experiments weremeasured after immersion for

30 min in 1 M HCl in the absence and presence of inhibitor.

3. Experimental results and discussion

3.1. Weight loss measurements

3.1.1. Effect of inhibitor concentration

Effect of inhibitor (AFPP) concentration on the corrosion of

mild steel in 1 M HCl was studied by weight loss measurement
at 308 K and the results are given in Table 1.

The data in Table 1 reveal that as the concentration of AFPP

increases inhibition efficiency increases (Karthikaiselvi and
Subhashini, 2014) and corrosion rate decreases. This behavior
can be attributed to the increase in surface area covered by
the adsorbed molecules on the mild steel surface with an

increase in the concentration of AFPP. Themaximum efficiency
of 98% was achieved at the concentration of 100 mg L�1.

3.1.2. Effect of temperature

The inhibition efficiency in 1 M HCl at optimum concentra-
tion (100 mg L�1) of AFPP at temperature ranging from 308
to 338 K was done and result obtained is given in Table 2.
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Figure 1 Scheme of ligand (AFPP) synthesis.

Table 1 Parameters obtained from weight loss measurement

for mild steel in 1 M HCl containing different concentrations of

AFPP at 308 K.

Inhibitor Concentration

(mg L�1)

Corrosion

rate

(mg cm�2 h�1)

Surface

coverage (h)
g (%)

Blank 0.0 7.00 – –

AFPP 25 1.60 0.771 77.1

50 0.66 0.904 90.4

75 0.30 0.957 95.7

100 0.13 0.980 98.0
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