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Abstract The inhibition performance of Basic yellow 13

dye on mild-steel corrosion in hydrochloric acid solution

was studied at 25 �C using weight loss and electrochemical

techniques. The effect of inhibitor concentration on inhi-

bition efficiency has been studied. Inhibition efficiency

increased with increase of Basic yellow 13 concentration.

The results showed that this inhibitor had good corrosion

inhibition even at low concentrations (95% for 0.005 M

Basic yellow 13) and its adsorption on mild-steel surface

obeys Langmuir isotherm. DGads was calculated and its

negative value indicated spontaneous adsorption of the

Basic yellow 13 molecules on the mild-steel surface and

strong interaction between inhibitor molecules and metal

surface. The value of DGads was less than 40 kJmol-1,

indicating electrostatic interaction between the charged

inhibitor molecules and the charged metal surface, i.e.,

physical adsorption.
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1 Introduction

Corrosion of steel is the most common form of corrosion,

especially in acid solution. It has practical importance, for

example, in the acid pickling of iron and steel, chemical

cleaning of scales in metallurgy, in the oil recovery and

petrochemical industry, etc.

Organic compounds have been accepted as effective

inhibitors for metals corrosion in various solutions [1–3]. It

has been found that dyes can also be used as organic cor-

rosion inhibitors. The use of different dyes for corrosion

inhibition applications has been reported by several authors

[4–6]. These inhibitors, which are usually organic sub-

stances containing nitrogen, sulfur, and/or oxygen in the

conjugated system, have been reported as efficient corrosion

inhibitors, which act through adsorption on metal surface,

forming complex with metal ions and thereby retarding

metal dissolution; polar groups act as the reaction center for

the adsorption process [1–11]. Protection efficiency depends

on adsorption ability of inhibitor molecules, where the

resulting adsorption film acts as a barrier that separates the

metal from the corroding medium [8, 9]. During corrosion,

the products will constitute a new distinct phase between the

metal and the aqueous solution; the inhibitor thereby inter-

acts with this interphase [10]. The efficiency of corrosion

inhibitors depends on the mechanical, structural, and

chemical properties of the layer formed. Thus, the nature of

inhibitor interaction with metal and its inhibition efficiency

may be dependent on the chemical, mechanical, and struc-

tural characteristics of this layer [1].

In recent years, attention has been focused on the

investigation of organic dyes as potential inhibitors in

metal-corroding systems. The results obtained so far reveal

that the processes involved in corrosion inhibition are not

identical for all classes of studied compounds, and are not

even constant or consistent for one inhibitor in a given

system. Indeed, the overall process is a function of metal

type, aggressive solution, inhibitor structure, and concen-

tration as well as temperature. Inhibition efficiency is also

closely related to inhibitor adsorption abilities [7, 11–14].

H. Ashassi-Sorkhabi (&) � E. Asghari

Electrochemical Research Laboratory, Physical Chemistry

Department, Faculty of Chemistry, University of Tabriz,

Tabriz, Iran

e-mail: ashassi@tabrizu.ac.ir; habib.ashassi@gmail.com

B. Masoumi � P. Ejbari

Payam-Noor University of Tabriz, Tabriz, Iran

123

J Appl Electrochem (2009) 39:1497–1501

DOI 10.1007/s10800-009-9829-y



The aim of this work is to study the adsorption char-

acteristics and inhibition performance of Basic yellow 13

dye on mild-steel corrosion in 0.1 M HCl. The molecular

structure of the compound is given in Fig. 1. The azo and

amine groups and the electron cloud on the aromatic ring

suggest that Basic yellow 13 should be a good corrosion

inhibitor.

2 Experimental

2.1 Materials

The working electrode was mild steel with chemical

composition (wt.%): Si (1.25%), Mn (0.221%), Cr

(0.018%), S (0.016%), P (0.007%), C (0.005%), and Fe

(balance). Aggressive solutions with concentration of

0.1 M were made from analytical-grade 37% HCl (Merck

Co.) and double-distilled water. Basic dye, purchased from

Chinachem Company, was used at concentrations of

5 9 10-6, 5 9 10-5, 2.5 9 10-4, 5 9 10-4, and

5 9 10-3 M, in 0.1 M HCl.

The steel specimens were polished with SiC paper up to

1500 grade, degreased with acetone, rinsed with double-

distilled water, and finally dried before immersion in the

acid solution.

2.2 Weight loss measurements

Weight loss measurements were carried out as described

elsewhere [16]. The solution volume was 50 mL. The steel

specimens had rectangular form (length 1.5 cm, width

1 cm, thickness 0.08 cm). The samples were immersed for

24 h in both blank and inhibited solutions. At the end of

tests, the specimens were carefully washed in acetone,

dried, and then reweighed.

2.3 Electrochemical studies

Electrochemical experiments, including polarization and

electrochemical impedance spectroscopy (EIS) measure-

ments, were carried out using an Autolab PGSTAT30

potentiostat-galvanostat. A conventional three-electrode

configuration was used for electrochemical studies. The

working electrode was prepared from mild-steel sheet,

mounted in polyester in such a way that the area exposed to

solution was 1 cm2. A saturated calomel electrode (SCE)

and a platinum electrode were used as the reference and

counter electrodes, respectively. All potentials are reported

versus SCE. In the polarization measurements, the poten-

tial sweep rate was 2 mVs-1. EIS tests were performed

after 30 min immersion at 25 ± 1 �C in open-circuit

potential over a frequency range between 10 kHz and

10 mHz; a sine wave with 10 mV amplitude was applied.

EIS data were analyzed using Zview2 software and the

double-layer capacitance, Cdl, and charge transfer resis-

tance, Rct, were obtained from Nyquist plots as described

elsewhere [11, 12].

3 Results and discussion

3.1 Polarization measurements

In order to study the effect of Basic yellow 13 dye on the

polarization behavior of mild steel and to analyze the

inhibition action of dye on steel corrosion in 0.1 M HCl,

polarization curves for different concentrations of inhibitor

were plotted. Figure 2 presents polarization curves for

mild-steel electrode in 0.1 M HCl, in the absence and

presence of inhibitor at different concentrations. The

electrochemical parameters obtained from polarization

measurements are listed in Table 1. It is clear that both

cathodic and anodic reactions on mild-steel electrode have

been inhibited in the presence of studied compound.

However, the cathodic reaction has been affected more

than the anodic one in the presence of inhibitor. These

results suggest that addition of inhibitor retards the
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Fig. 1 Molecular structure of Basic yellow 13 (C20H23N2O)
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Fig. 2 Polarization curves for mild steel in 0.1 M HCl in the absence

and presence of Basic yellow 13 at various concentrations at 25 �C
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hydrogen evolution reaction, which is the cathodic reaction

in an acidic solution [13]. Electrochemical corrosion

parameters including corrosion potential (Ecorr), cathodic

and anodic Tafel slopes (bc, ba), and corrosion current

density (icorr), obtained by extrapolation of Tafel lines, are

given in Table 1. The inhibition efficiency, gp, was cal-

culated from the following equation [14] and are given in

Table 1:

gp% ¼ i0
corr � icorr

i0corr

� �
� 100; ð1Þ

where i0
corr and icorr are the corrosion current densities in the

absence and presence of inhibitor, respectively.

These results show that Basic yellow 13 act as an effective

inhibitor. Corrosion inhibition rises as the inhibitor con-

centration increases. Maximum inhibition efficiency

(99.5%) was obtained at a concentration of 5 9 10-3 M.

3.2 Electrochemical impedance spectroscopy (EIS)

measurements

The corrosion behavior of mild steel in 0.1 M HCl solution

in the absence and presence of Basic yellow 13 dye was

also investigated using electrochemical impedance spec-

troscopy. Nyquist plots of mild steel in uninhibited and

inhibited acid solutions containing various concentrations

of inhibitor are given in Fig. 3. As can be seen, the

impedance response of mild steel in uninhibited 0.1 M HCl

solution significantly changed after addition of inhibitor.

The EIS results can be interpreted in terms of the

equivalent circuit of the electrical double layer shown in

Fig. 4, which has been used previously to model the iron/

acid interface [15]. The double-layer capacitance and

charge transfer resistance were obtained from Nyquist

plots. The inhibition efficiencies from EIS results were

calculated using the following equation [12]:

gzð%Þ ¼
Rct � R0

ct

Rct

� �
� 100; ð2Þ

where R0
ct and Rct are the charge transfer resistances in the

absence and presence of inhibitor, respectively. The

electrochemical parameters derived from the Nyquist plots

and the inhibition efficiencies, gz, are given in Table 2.

It is clear that Rct increases and Cdl decreases as the

inhibitor concentration increases. The decrease in Cdl could

be attributed to the adsorption of the inhibitor, forming

protective adsorption layer [17].

3.3 Weight loss measurements

The weight loss of steel specimen in uninhibited acid

solution and solutions containing different concentrations

of the inhibitor was determined during 24-h immersion.

The inhibition efficiencies and surface coverage (h ¼ g
100

)

Table 1 Electrochemical parameters for mild-steel corrosion in 0.1 M HCl in the absence and presence of different concentrations of Basic

yellow 13, at 25 �C

Inhibitor concentration (M) Rp (X cm2) Ecorr (mV) ba (mV/dec) bc (mV/dec) icorr (A cm-2) I.E.% (gp)

Blank 132 -631 92 71 1.199 9 10-4 –

5.0 9 10-6 786 -610 82 93 2.21 9 10-5 81

5.0 9 10-5 1378 -598 75 100 1.05 9 10-5 91

2.5 9 10-4 2282 -581 79 119 0.75 9 10-5 99

5.0 9 10-4 2638 -606 107 114 0.70 9 10-5 99

5.0 9 10-3 3370 -601 107 113 0.54 9 10-5 99
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Fig. 3 Nyquist plots for mild steel in 0.1 M HCl in the absence and

presence of Basic yellow 13 at various concentrations at 25 �C

Fig. 4 The electrochemical equivalent circuit for corrosion inhibition

of mild steel in 0.1 M HCl using Basic yellow 13

J Appl Electrochem (2009) 39:1497–1501 1499

123



obtained from weight loss method at different concentra-

tions of inhibitor are summarized in Table 3. The gw%

values were calculated using the following equation:

gw% ¼ w0 � w

w0

� �
� 100; ð3Þ

where w0 and w are weight losses in the absence and

presence of inhibitor, respectively.

These results show that, as the inhibitor concentration

increases, the weight loss decreases and therefore, the

inhibition efficiency increases. It can be concluded that this

inhibitor acts through adsorption on metal surface and

formation of a barrier layer between metal and corrosive

media. In order to confirm the adsorption of inhibitor on

metal surface, the adsorption isotherms were studied. The

adsorption isotherms can provide basic information on the

interaction of inhibitor and metal surface. In order to obtain

adsorption isotherm, the surface coverage values (h), for

different concentrations of Basic yellow 13 in 0.1 M HCl

solution have been obtained from weight loss measure-

ments and tested graphically for fitting of a suitable

adsorption isotherm. The plot of C(inh)/h versus C(inh)

(Fig. 5) yields a straight line with correlation coefficient of

1.00 and slope of 1.0962, yielding that the adsorption of

Basic yellow 13 from hydrochloric acid solution on mild-

steel surface obeys the Langmuir adsorption isotherm

presented in Eq. 4.

CðinhÞ
h
¼ 1

Kads

þ CðinhÞ; ð4Þ

where C(inh) is inhibitor concentration, h is the degree of

coverage of metal surface, and Kads is the equilibrium

constant for adsorption–desorption process. The value of

the equilibrium constant, Kads, was calculated from the

reciprocal of the intercept of the isotherm line as

6.41 9 104. The high value of the adsorption equilibrium

constant reflects the high adsorption ability of this inhibitor

on mild-steel surface. The free energy of inhibitor

adsorption on mild-steel surface can be evaluated using

the following equation:

DGads ¼ �RT lnð55:5KadsÞ: ð5Þ

From Eq. (5), DGads was calculated as -37.37 kJmol-1.

The negative value of DGads indicates spontaneous

adsorption of Basic yellow 13 molecules on the mild-steel

surface and strong interaction between inhibitor molecules

and metal surface. The value of DGads is less than

40 kJmol-1, indicating electrostatic interaction between

the charged inhibitor molecules and the charged metal

surface, i.e., physical adsorption [18].

Table 4 summarizes the inhibition efficiencies obtained

from the different methods and their average values for

each concentration of inhibitor with standard deviation in

corrosive solution for comparison. It can be seen that there

is good agreement between the results obtained from dif-

ferent methods.

4 Conclusion

The inhibition performance of Basic yellow 13 dye was

studied using electrochemical and weight loss measure-

ments in acid solution. It was shown that the used dye can

Table 2 Electrochemical impedance parameters for mild steel in

0.1 M HCl in the absence and presence of Basic yellow 13 at various

concentrations at 25 �C

Inhibitor concentration

(M)

Rct

(X cm2)

Cdl

(F cm-2)

n I.E.%

(gz)

Blank 102 6.65 9 10-5 0.86 –

5.0 9 10-6 1327 2.66 9 10-6 0.79 92

5.0 9 10-5 1839 5.30 9 10-6 0.86 94

2.5 9 10-4 2171 1.31 9 10-6 0.75 95

5.0 9 10-4 2245 1.38 9 10-6 0.76 95

5.0 9 10-3 2560 3.86 9 10-7 0.68 96

Table 3 Corrosion parameters for mild steel in 0.1 M HCl in the

presence and absence of Basic yellow 13 at different concentrations,

obtained from weight loss measurements

Inhibitor

concentration (M)

Weight loss during

24 h (mg)

Surface

coverage (h)

I.E.%

(gw)

Blank 2.83 – –

5.0 9 10-6 0.81 0.71 71

5.0 9 10-5 0.51 0.82 82

2.5 9 10-4 0.45 0.84 84

5.0 9 10-4 0.39 0.86 86

5.0 9 10-3 0.25 0.91 91

y = 1.0962x + 0.0156

R2 = 1

0
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Fig. 5 Langmuir isotherm curve for adsorption of Basic yellow 13 on

the steel surface
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be a good inhibitor for mild-steel corrosion in acid media;

inhibition efficiencies are more than 70% at all studied

concentrations and increase as the concentration of inhib-

itor increases. From polarization measurements, it was

found that this compound affects both cathodic and anodic

reactions through adsorption on these sites at metal surface;

therefore, it is a mixed-type inhibitor. The adsorption of

this compound was further investigated for the adsorption

type. It was shown that the dye adsorbs on steel surface

spontaneously because of the negative value of DGads and

obeys Langmuir isotherm. From the value of DGads, which

was found to be less than 40 kJmol-1, it was deduced that

inhibitor molecules have been adsorbed onto steel surface

through electrostatic interaction between the charged

inhibitor molecules and the charged metal surface, i.e.,

physical adsorption.
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Table 4 Inhibition efficiencies obtained from different methods and

their average values

Inhibitor

concentration

(M)

Polarization

gp (%)

EIS

gz (%)

Weight

loss

gw (%)

Average

inhibition

efficiency

gm (%)

5.0 9 10-6 81 92 71 81.3 ± 8.5

5.0 9 10-5 91 94 82 89.0 ± 5.1

2.5 9 10-4 99 95 84 92.6 ± 6.3

5.0 9 10-4 99 95 86 93.3 ± 5.4

5.0 9 10-3 99.5 96 92 95.8 ± 3.1
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