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Abstract: The inhibition efficiency of various concentrations of phenylazo-2-naphthol on
thecorrosion of copper in 1IN aqua regia (HCI+HNO3) was investigated by weight loss method at
room temperature. The corrosion rate of copper and surface coverage of the inhibitor on the metal
surface was also calculated from the weight loss data. The open circuit potential values of the
system substantiate the corrosion behavior data. Langmuir adsorption isotherm concept was
experimented to the adsorption behavior of inhibitor.
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Introduction

Copper and its alloys are widely used in materials for their excellent chemical and thermal
conductivities in many applications such as electronics' and in the manufacture of integrated
circuits™*. Copper is relatively noble metal, requiring strong oxidants for its corrosion or
dissolution. The chemical dissolution and electrolytic plating are the main processes used in
the fabrication of electronic devices.

The most widely used corrosive solutions contain HNO; HCI and H,SO4. So these
medium have induced a great deal of research on copper corrosion’"?. The use of chemical
inhibitors is one of the most practical methods for the protection against corrosion in acidic
media. The most prominent corrosion inhibitors are organic compounds containing nitrogen,
sulphur, oxygen and phosphorous in their functional groups®**. The mechanism of these
compounds has been proposed to be the adsorption, by means of lone pairs of electron, of
the organic functional groups on the metal surfaces®.

The aim of the present work is to study the inhibition of copper corrosion in aquaregia
with phenylazo-2-napthol at room temperature by weight loss method.

Experimental

Creep resistant and high strength of 2 mm thickness with the composition of copper
(Cu:99.27%, Sn:0.73%) metal was used throughout the study. Copper sheet was cut into panels
of size 5X2.5 cm. Holes were provided on the center of the peripherals of top of each panel.



717 Chem Sci Trans., 2015, 4(3), 716-722

The panels of copper were polished and degreased with trichloroethylene and weighed to
an accuracy of 10* g. Sufficient number of triplicate panels were used in the immersion studies.

The inhibitor used in this study was phenylazo-2-napthol. The molecular formula of the
inhibitor is C;¢H;,N,O with molecular mass of 248 g/mol. The chemical structure of

phenylazo-2-napthol is shown in Figure 1.
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Figure 1. Structure of phenylazo-2-napthol

From the mass of the inhibitor and its molecular weight relation, appropriate
concentrations of the inhibitor were prepared by dilution. The corrosive medium used was
IN solution of aqua regia.

Weight loss method

The prepared copper samples were fully immersed in inhibited solutions of 0.0012, 0.0014,
0.0017 and 0.0020 mM concentrations. The duration of weight loss experiment was 2 hours
as per API Standard experimental procedure. The experiment was carried out at room
temperature. After 2 hours the specimens were removed, washed with distilled water, dried
and reweighed. The weight loss of all the samples was calculated. From the weight loss, the
corrosion rate was determined using the relationship®-2.

Corrosion rate (mmpy) = ( 87-6xw (1)
DxAxT

Where w is the weight loss in mg, D is the Density in g/cc, A is the area of exposure in
cm’, mmpy is millimeter per year.

The inhibition efficiency was also determined from the following relationship’ .
Inhibition Weight loss without inhibitor-weight loss with inhibitor (2)
efficiency (%)) = Weight loss without inhibitor x 100

The surface coverage (0) of the inhibitor has been obtained from the following formula®®".

Weight loss without inhibitor - weight loss with inhibitor 3)

Surface coverage (0) =
Weight loss without inhibitor

Results and Discussion
Weight loss measurements
The inhibition of copper corrosion in 1N aqua regia by phenylazo-2-napthol was studied at
room temperature by weight loss method. In this study, the parameters like inhibition
efficiency (%), corrosion rate (mmpy), open circuit potential (ocp-mv), surface coverage (),
activation energy (E,) and free energy of adsorption (4G,y) were determined.

Open circuit potential of copper in acid

The OCP values in the presence of inhibitor at various concentrations are much lesser than
the OCP value in the absence of inhibitor. Table 1 shows the OCP values of copper in 1N
aqua regia with absence and presence of inhibitor. The OCP values and corrosion rates of
copper in the aquaregia have the same trend throughout the study.
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Table 1. OCP Values for the corrosion of copper in IN aqua regia with varying
concentration of inhibitor at room temperature

S.No Concentrations of inhibitor, mM OCP vs. SCE 10° mV

1 Blank -0.510
2 0.0012 -0.491
3 0.0014 -0.478
4 0.0017 -0.474
5 0.0020 -0.470

Effect of change in the concentration of the inhibitor

The effect of concentration of inhibitor on corrosion rate and inhibition efficiency was
studied by varying the concentration of the inhibitor from 0.0012 Mm to 0.0020 mM in aqua
regia.

The results are summarized in Table 2 & 3.The values given in the table show that
inhibition efficiency increases with increase in concentration of the inhibitor and
correspondingly there is a decrease in the corrosion rate. The maximum efficiency was
reached with inhibitor concentration of 0.0020 Mm.

Table 2. Corrosion rate (mmpy) values for the corrosion of copper in 1IN aqua regia with
varying concentration of inhibitor at room temperature

S.No  Concentrations of inhibitor, mM Corrosion rate X 10 mmpy
1 Blank 16.24
2 0.0012 0.89
3 0.0014 0.83
4 0.0017 0.76
5 0.0020 0.53

Table 3. Inhibition efficiency (%) values for the corrosion of copper in 1N aqua regia with
varying concentration of inhibitor at room temperature

S.No Concentration of inhibitor, mM Inhibition efficiency, %
1 Blank -
2 0.0012 94.71
3 0.0014 94.95
4 0.0017 95.12
5 0.0020 96.74

In the present study, a thorough analysis of the results presented in Table 3& 4 reveal
that the inhibition efficiency and surface coverage values increases with increasing
concentration of inhibitor.

Table 4. Surface coverage values for the corrosion of copper in 1N aqua regia with varying
concentration of inhibitor at room temperature

S.No Concentration of inhibitor, mM Surface coverage, 6
1 Blank -
2 0.0012 0.947
3 0.0014 0.949
4 0.0017 0.951
5 0.0020 0.967
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This observation indicates that the inhibition of copper corrosion in aqua regia by the
inhibitor occurs through adsorption mechanism. A review of literature suggest that organic
compound and their derivatives such as azoles’>”’, amines, amino acids and many others
showed inhibition effect for the corrosion of copper and copper alloys in different media.

Effect of nature of inhibitor

In general, organic molecules are adsorbed on liquid and solid surface in their flat
orientation®®. The flat orientation of organic inhibitor molecules is more prominent among
the aromatic compounds due to the strong interaction of z- electrons of aromatic ring with
the metal surface.

In addition if the inhibitor molecules, posses groups such C=N,C=0,C=S,N=N, efc., the n-
electrons from these groups also interact with metal surface which will be facilitated again by the
flat orientation of the molecule™*'. The interaction of the unshared electron pairs on the hetero
atom such as oxygen, nitrogen, phosphorous and sulphur also aid in the process of adsorption.

Finally, the protonated inhibitor molecules may electrostatically interact with the anions
of the aggressive medium pre adsorbed on the metal surface®”. All the four kinds of
interactions may contribute to the adsorption of mechanism or one of them may predominate
over the other depending on the nature of the metal surface, inhibitor molecules and
aggressive medium.

Adsorption isotherm

Adsorption isotherms are very important in understanding the mechanism of inhibiton of
corrosion reaction. The degree of surface coverage (0) at different concentrations of the
inhibitor is one of the factors considered in this test and was measured from weight loss data.
0
Y k. @)
1-60 '

Where 6 is the degree of surface coverage, K is the adsorption equilibrium constant and
C is the concentration of the corrosion inhibitor.

On consideration of the Langmuir-Freundlich adsorption isotherm, which is well
described in the literature™*, it has been found that the experimental data gave a straight
line graph on a plot of log(6/1-6 ) vs. log C and fitted the adsorption isotherm shown in
Figure 2. The Langmuir-Freundlich isotherm assumes a monolayer adsorption of the
inhibitor molecules on the metal surface**".
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Figure 2. Langmuir-Freundlich isotherm
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Free energy of adsorption (AG )

The values of free energy of adsorption were calculated from 6 values at room temperature. The
equilibrium constant of adsorption K is related to the standard free energy of adsorption®>”,
AG,4 = -RTIn(55.5k) (5)
K = 6/C (1-0)
Where R is the gas constant, T is the absolute temperature and 55.5 is the concentration
of water in solution in mol/L. The value of free energy of adsorption for the inhibitor

concentration of 0.0020 is equal to -8502.79 kJ. The negative values of AG .4 indicate the
spontaneous adsorption of the inhibitor on the surface of copper and are usually
characteristic of strong interaction of inhibitor with the metal surface.

Conclusion

1. Phenyl azo-2-naphthol acts as efficient corrosion inhibitor in 1N aqua regia.

2. The adsorption of inhibitor obeys Langmuir-Freundlich isotherm.

3. The inhibition efficiency of the inhibitor increases with increase in concentration
suggested the physical adsorption of the inhibitor on the metal Surface.

4. The inhibitor gives very high inhibition efficiencies even with very small concentration
of the order of 0.0020 Mm.

5. The less negative free energy values suggest physisorption of the inhibitors on the metal
surface.
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