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Abstract- The anti-corrosion characteristics of reactive blue dye
for mild steel in 1N H,SO,4 was investigated using weight loss
and potentiodynamic polarization studies. Corrosion parameters
such as inhibition efficiency, corrosion rates, corrosion potential
corrosion current and Tafel slopes were evaluated. The inhibition
efficiency was found to increase with increase in the inhibitor
concentration.
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I. INTRODUCTION

n industries, acid solutions are widely used in cleaning, oil

well acidification and pickling processes. The corrosion of
steel in such environments is of great importance, since it
involves loss of material and wastage of acids. For the inhibition
of mild steel in acid solutions organic inhibitors has been
extensively studied . Literature survey reveals the fact that most
organic compounds employed as corrosion inhibitors adsorb on
the metal surface through hetero atoms such as nitrogen, oxygen,
sulfur and phosphorus, multiple bonds or aromatic rings and
block the active sites leading to the decrease in corrosion
rate’*®,

Many organic dyes possess the above mentioned
characteristics and that initiated us to use reactive blue dye as a
novel corrosion inhibitor for mild steel in hydrochloric acid
solutions. In this work, the inhibitive activity of reactive blue
dye as a corrosion inhibitor for mild steel in 1N H,SO, acid
solution was examined by weight loss and potentiodynamic
polarization studies.

Il. EXPERIMENTAL

The mild steel specimens of composition: carbon 0.07%,
phosphorous 0.008%, manganese 0.34% and the remainder being
iron and size of 5cm*2cm* 0.025cm were used for weight loss
studies. Mild steel specimens were polished with a series of
emery papers of various grades from 400-1200, degreased with
absolute ethanol and air dried. For polarization studies mild steel
rod of the same composition, embedded in araldite, with an
exposed area of 0.502 cm? was used. The inhibitor compound,
reactive blue dye was obtained from the Alfa-Aesar chemicals of
UK.. The corrosion medium was 1N H,SO, prepared from A.R
grade H,SO, and deionised water. The structure of the reactive
blue dye is given below.
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Weight loss studies were carried out as reported
earlier'®.From the weight loss experiments the % inhibition
efficiency (L.LE) and the degree of surface coverage (0) were
calculated by using the following equations.
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Where W, and W; are the weight loss of mild steel in the

absence and presence of the inhibitor respectively.
The corrosion rate (C.R) of the mild steel was calculated by
using the following equation.
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Where W is the weight loss of the mild steel (mg), A is the
surface area of the mild steel specimen(cm?), t is the exposure
time (h) and D is the density of the mild steel (g/cm®).

I1l. RESULTS AND DISCUSSION

Weight loss studies were carried out at four different
concentrations of the inhibitor and the inhibition efficiency(%)
and corrosion rate values were calculated and are presented in
table-1.
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Table 1Values of inhibition efficiency (%) and corrosion
rates(mm/y) obtained from the weight loss experiments for
the corrosion of mild steel in 1N H,SO,in the presence of

different concentrations of the inhibitor.

Reactive blue dye
Parameter | concentration (mM)

10 30 |50 100
Inhibition
L 32.2 |57.6 685|838
efficiency
Corrosion
rates 439 | 274|204 | 105

The results show that with the increase in concentration of
the inhibitor, the inhibition efficiency increases and corrosion
rates decrease. The dependence of inhibition efficiency and
corrosion rates on the concentration of the inhibitor is shown in
figures-land 2.
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Figure 1 Variation of inhibition efficiency with concentration
of the inhibitor.
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Figure 2 Variation of corrosion rates with concentration of
the inhibitor.

The various corrosion Kkinetic parmeters such as corrosion
potential (Ecor), corrosion current(le,) and anodic and
cathodicTafel slopes (b, and b)) obtained from the
potentiodynamic polarization studies are presented in the table-2.

Inhibitor | By, | L2felslopes | leor 1 o

conc.(mM) | mV mV dec mAl (%)
' bc ba | cm

Blank -916 126 78 | 1.76 -

10 -880 149 83 | 1.18 33.0

30 -886 158 89 | 0.76 56.8

50 -898 176 92 | 0.57 67.6

100 -909 191 97 | 0.30 84.6

Table-2 The corrosion kinetic parameters obtained from
polarization studies.

From the table it can be seen that the values of E.,, for mild
steel becomes less negative with increase in the concentration of
the inhibitor compound. This indicates the strong adsorption of
the inhibitor molecules on the metal surface leading to the
formation of a layer , preventing the contact of the mild steel
with the acid, which results in the reduction of the corrosion of
the metal. The values of I, decreases with the increase in the
concentration of the inhibitor. This also indicates the reduction in
the corrosion of the mild steel in the presence of the inhibitor.
The values of both ba and bc increases with increase in the
concentration of the inhibitor.This suggests that the inhibitor
reduces both the anodic dissolution and cathodic hydrogen
evolution reactions. But it can be observed that increase in the
value of bc is more than that for ba which indicates that the
corrosion of mild steel in 1IN H,SO, is under mixed control , but
predominantly under cathodic control.

IV. ADSORPTION ISOTHERMS

From the weight loss measurements the degree of surface
coverage (0) for various concentrations of the inhibitor were
evaluated. Langmuir’s isotherm was tested by plotting C/ 6 vs C
and a straight line was obtained which indicated that the
adsorption of the inhibitor on the surface of the mild steel from
1N H,SO40bey Langmuir’s adsorption isotherm. Figure -3 shows
the Langmuir’s adsorption isotherm plot for mild steel in 1N
H,SO,containing different concentrations of the inhibitor.
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Figure 3Langmuir’s adsorption isotherm plot for mild steel
in 1N H,SO, containing differentconcentrations of the
inhibitor

V. CONCLUSIONS

The reactive blue dye used as a corrosion inhibitor for mild
steel in 1IN H,SO, performed well and gave high percentage of
inhibition efficiency. The inhibition efficiency of the inhibitor
increases with the increase in the concentration of the inhibitor.
The corrosion of mild steel in 1N H,SO, is under mixed control ,
but predominantly under cathodic control. The adsorption of the
inhibitor on mild steel surface obeyed Langmuir’s adsorption
isotherm.
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