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ABSTRACT: The corrosion behaviour of Zinc in 2M sodium hydroxide solution and its inhibition by some
coumarin derivatives was studied using weight loss and galvanostatic polarization techniques. Addition of Ba*" ion
to alkaline medium containing the coumarin derivatives increases the inhibition efficiency of the system. The
obtained results showed that the inhibition efficiency of these compounds increased by increasing their
concentrations and decreased by raising the temperature, so that the adsorption of these compounds is physically
adsorbed on the zinc surface. The adsorption of the inhibitors on the zinc surface in alkaline solution was found to
obey Temkin adsorption isotherm. The activation energy and some activated thermodynamic parameters for the
corrosion process were calculated and discussed. The polarization technique indicates that these compounds act as a
mixed type inhibitors but cathode is more polarized when an external current was applied. The results were explained
on the basis of the molecular structure and the substituent groups and their charge densities.
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I. INTRODUCTION

Zinc is a very important metal used in a wide range of applications by various industries, e.g.as a construction
material for roofs and facades in structural and civil engineering or as a sacrificial coating to protect iron and steel
producing and processing industry, especially the automotive industry [1]. Zinc is a very active metal so that it
corrodes quickly in aqueous solutions. For these reasons the industrial use of corrosion inhibitors is often a good
solution to prevent corrosion phenomena and to provide a more acceptable life time of metallic structure [2,3].Most
of the reported corrosion inhibitors are organic compounds containing hetro cyclic atoms (nitrogen ,0xygen, sulfur
and phosphorous),aromatic ring or triple bonds are commonly used to reduced the corrosion attack of zinc in aqueous
solutions[4-13] .The inhibition effect of organic compounds arises from the adsorption on the metal surface .The
adsorption properties depend on the structure of the organic compounds, such as functional groups, steric factors,
and aromaticity.

In previous work, the inhibiting effect of some coumarin derivatives toward the corrosion of Zinc in 0.1M HCI
solution was studied[14]. The aim of the present work is to study the inhibiting effect of 4-coumarin derivatives
toward the corrosion of zinc in NaOH solution using weight loss method and galvanostatic polarization method.
Investigate the synergistic effect of Ba2*ions on the corrosion inhibition of the investigated 4- coumarin derivatives in
alkaline medium. The effect of the temperature on the dissolution of Zn in free and inhibited alkaline solution was
also studied and some activated thermodynamic parameters are computed.
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Il. EXPERIMENTAL METHODS

Corrosion tests were performed using Zn electrode has the following chemical composition: 0.001 wt% Pb,0.002 wt%
Fe, 0.001 wt% Cd, 0.001 wt% Cu and the rest is Zn.

For weight loss measurements, the reaction basin used in this method was a graduated glass vessel having a total
volume of 100 ml. 100 ml of the test solution was employed in each experiment. The test pieces were 20 x 20 x 2 mm.
The samples were first mechanically polished with a fine grade emery paper in order to obtain a smooth surface,
followed by ultra-sonically degreasing with acetone and then rinsed with distilled water, dried between two filter
papers and weighed. The test pieces were suspended by suitable glass hooks at the edge of the basin, and under the
surface of the test solution by about 1 cm.

Weight loss measurements were carried out as described elsewhere [15]. The percentage inhibition efficiency (% IE)
and a parameter (8) which represents the part of the metal surface covered by the inhibitor molecules were calculated
using the following equations:

. _[ W add ]

WIE = 1 _ W o x100 )
W add

®:[1 - W free ] @

where, Wiee and W,qq are the weight losses of Zn sample in free and inhibited acid solution, respectively.

For galvanostatic polarization measurements, a cylindrical rod embedded in araldite with exposed surface of 0.5 cm?
was used. The electrode was polished with different grades emery paper, degreased with acetone and rinsed by
distilled water. Galvanostatic polarization studies were carried out using zinc rod of the same compositions used in
weight loss. E vs. log | curves were recorded at temperature 30°C. A constant quantity of the test solution (100 ml)
was taken in the polarization cell. Galvanostatic polarization studies were carried out using EG&G modell73
Potentiostat/Galvanostat. For accurate measurements of potential and current density. Three compartment cell with a
saturated reference calomel electrode and a platinum foil auxiliary electrode was used .Solutions were not deaerated
to make the conditions identical to weight loss measurements. All the experiments were carried out at 30+ °C by
using ultra circulating thermostat.

The percentage inhibition efficiency (% IE) was calculated from corrosion current density values using the equation

1-1 add
% IE = [—I 1 x 100 @A)
free
where lgee and logq are the corrosion current densities in absence and presence of inhibitors, respectively.
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Chemical structure of coumarin derivatives
(a) 4-hydroxy - coumarin
OH

X
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(b) 4-benzyl amino- coumarin
HN-CH,-Ph

X
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(c)4-phenyl amino- coumarin

NH-Ph

X

111.RESULTS AND DISCUSSION
111.1. Weight - loss measurements

Figurel shows the weight loss-time curves for zinc in 2M NaOH solution in absence and presence of different
concentrations of compound (b). Similar curves were obtained for other two compounds (not shown).Inspection of
this figure, by increasing the concentration of these derivatives, the weight loss of zinc samples are decreased. This
means that the presence of these derivatives retards the corrosion of zinc in 2M NaOH or in other words, these
compounds act as inhibitors. The linear variation of weight loss with time in uninhibited and inhibited 2M NaOH
indicates that the absence of insoluble surface films during corrosion. In the absence of any surface films, the
inhibitors are first adsorbed on to the metal surface and thereafter impede the corrosion either by merely blocking the
reaction sites (anodic and cathodic) or by altering the mechanism of the anodic and cathodic partial processes.

The inhibition efficiency (%I) were calculated using the equation 1and given in Tablel.The order of the percentage
inhibition efficiency of 4-coumarin derivatives decreases in the following order: b >c > a
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Fig. 1. Weight loss-time curves for dissolution of zinc in 2M NaOH solution in absence and presence of various
concentrations of compound (b) at 30 °C.
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Table 1: The percentage inhibition efficiency(%l) obtained from weight loss measurements of zinc dissolution in 2
M NaOH solution at various concentrations of the 4-coumarin derivatives after 60 min. immersion at 30 °C.

Conc., % Inhibition (%ol)

M () (b) ()
1x10°® 58.43 69.88 68.62
3x10°® 59.72 71.92 70.45
5x10°® 63.64 75.64 72.08
7x10°® 66.72 77.83 73.86
9x10°® 68.36 80.36 75.63
11x10°® 69.88 83.48 67.48

111.2. Synergistic effect of BaCl,

The effect of addition of 0.02%BaCl, on the corrosion inhibition of zinc in 2M NaOH solution in presence and
absence of the coumarin derivatives after 60 min. immersion at 30°C was studied by the weight loss method. Similar
curves to Fig. 1 are obtained (not shown).The values of inhibition efficiency (% 1) for various concentrations of
inhibitors in the presence of Ba'Zare given in Table 2. It is observed that, %l of the inhibitors increases with
increasing the concentrations of 4-coumarin derivatives, also the order of inhibition efficiency decreases in the
following order : (b) > (c) > (a).

The strong chemisorptions of these cations on the metal surface is responsible for the synergistic effect of these ion
leads to greater surface coverage and, therefore, greater inhibition.

Table 2: The percentage inhibition efficiency (%I) obtained from weight loss measurements of zinc dissolution in 2M
NaOH solution at different concentrations of the 4-coumarin derivatives with addition of 0.02% BaCl, after 60 min.
immersion at 30°C.

Conc., % Inhibition (%ol)

M () () ()
1x10°® 75.44 85.20 80.40
3x10°® 78.54 87.66 84.54
5x10° 80.30 89.25 87.86
7x10® 83.24 91.54 89.57
9x10°® 86.82 93.58 81.52
11x10°® 89.11 96.18 93.32
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The synergistic inhibition effect was evaluated using a parameter, S,, obtained from the surface coverage values (8)
of the anion, cation and both. Aramaki and Hackerman [16] calculated the synergism parameter S, using the
following equation.

Sop= 16142/ 10", (4)

where:
B1+2 = (61 + 62) — (0162);
0, = surface coverage by anion;
0, = surface coverage by cation;
', = measured surface coverage by both the anion and cation.

We calculate synergism parameters from the above equation. The plot of the synergism parameter (Sg) against various
concentrations of 4-coumarin derivatives given in Fig. 2 and the corresponding values are shown in Table 3. As can
be seen from this Table, values of S, are nearly equal to unity, which suggests that the enhanced inhibition
efficiencies caused by the addition of these cationsto 4-coumarin derivatives is due mainly to the synergistic effect.
as following:

(b)>(c) > (a).

Synergistic adsorption is classified into two types plus a mixture of the two: (i) specific co- adsorption of anions and
cations, and (ii) ionic or physical overlap adsorption of cations over the anion covered zinc surface.

From previous results it is known that BaCl, would be considered as one of the effective anions for synergistic action.
The net increment of inhibition efficiency shows a synergistic effect of Ba?* ions with 4-coumarin derivatives.

Table 3: Synergism parameter (Sg) for different concentrations of the 4-coumarin derivatives with addition of 0.02 %
BaCl 2.

Synergism parameter ( Sp)
Corrosive
medium
Conc., M 1x10°® 3x10® 5x10°® 7x10°® 9x10°® 11x10°®
(a) 0.909 0.919 0.933 0.943 0.957 0.970
I
>
prd (b) 0.914 0.945 0.986 0.917 0.958 0.999
>
N
(©) 0.970 0.985 0.905 0.919 0.939 0.959
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Fig. 2: Plots of synergism parameter Sy versus the concentration of 4-coumarin derivatives for the dissolution of zinc
in 2M NaOH solution with addition of 0.02% BacCl, at 30°C.
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111.3. Adsorption isotherms

4-coumarin derivatives inhibit the corrosion of zinc in 2 M NaOH solution by the adsorption on metal surface.
Theoretically, the adsorption process can be regarded as a single substitutionally process in which an inhibitor

molecule, Inh., in the aqueous phase substitutes an "Xx" number of water molecules adsorbed on the metal surface [17]
Vis,

Inh(aq) + XHzO(sur) —> |nh.(5ur)+ XHzO(aq) (5)

where, x is known as the size ratio and simply equals the number of adsorbed water molecules replaced by a single
inhibitor molecule. The adsorption depends on the structure of the inhibitor, the type of the metal and the nature of its
surface, the nature of the corrosion medium and its pH value, the temperature and the electrochemical potential of the
metal-solution interface. Also, the adsorption provides information about the interaction among the adsorbed
molecules themselves as well as their interaction with the metal surface. Actually an adsorbed molecule may make
the surface more difficult or less difficult for another molecule to become attached to a neighbouring site and
multilayer adsorption may take place. There may be more or less than one inhibitor molecule per surface site. Finally,
various surface sites could have varying degrees of activation. For these reasons a number of mathematical adsorption
isotherm expressions have been developed to take into consideration some of non-ideal effects.

Adsorption isotherm equations are generally of the form [18].

(6, x) exp (-a, ) = KC (6)
where, f (8, x) is the configurationally factor that depends essentially on the physical model and assumptions
underlying the derivation of the isotherm a is a molecular interaction parameter depending upon molecular
interactions in the adsorption layer and the degree of heterogeneity of the surface. All adsorption expressions include
the equilibrium constant of the adsorption process, K, which is related to the standard free energy of adsorption
(AGoads.) by

K =1/55.5 exp-AG®ys. / RT @)

where, R is the universal gas constant and T is the absolute temperature.

A number of mathematical relationships for the adsorption isotherms have been suggested to fit the experiment data
of the present work. The simplest equation is that due to Temkin isotherm according to the following equation:

mKC=a0 (8)

where, K is the equilibrium constant of the adsorption, C is the inhibitor concentration in the bulk of the solution, a is
the interaction parameter and 0 is the surface coverage. The surface coverage, i.e, the fraction of the surface covered
by the inhibitor molecules.

Plots of 6 vs. log C (Temkin plots) for adsorption of 4-coumarin derivatives on the surface of zinc in 2M Sodium
Hydroxide at 30 °C is shown in Fig.3. The data gave straight lines indicating that Temkin isotherm is valid for these
systems. Temkin's isotherm is applied for ideal case of physical and chemical adsorption on a smooth surface with no
interaction between the adsorbed molecules.

Copyright to JIRSET WWW.ijirset.com 13809



(@

IJIRSET ISSN: 2319-8753

International Journal of Innovative Research in Science,
Engineering and Technology
(An ISO 3297: 2007 Certified Organization)
Vol. 3, Issue 6, June 2014

On the other hand, it is found that the kinetic-thermodynamic model of EI Awady et al [19]
log6/(1-0) =logK'+ylog C 9)

is valid to operate the present adsorption data. The equilibrium constant of adsorption K=K' ™), where 1/y is the
number of the surface active sites occupied by one 4-coumarin molecule and C is the bulk concentration of the
inhibitor. Plotting log 6/(1-6) against log C at 30 °C is given in Fig. 4 .Straight lines relationships were obtained
suggesting the validity of this model for all cases studied. The calculated values of 1/y, K and AG®,s are given in
Table 4. Inspection of the data of this Table shows that the large values of AG®,s, and its negative sign, indicate that
the adsorption of 4-coumarin compounds on the zinc surface is proceeding spontaneously and is accompanied by a
highly-efficient adsorption. It is worth noting that the value of 1/y is more than unity. This means that the given
inhibitor molecules will occupy more than one active site. In general, the values of AG®q obtained from El-Awady
et al model are comparable with those obtained from Temkin isotherms.

(b).

A (a).

.00 —

Surface Coverage ( 0)
o

Fig.3: Curve fitting of corrosion data for zinc in 2M NaOH in presence of different concentrations of 4-coumarin
derivatives to the Temkin's isotherm at 30 °C.
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Fig.4: log 6/1- 6 vs.1/T for the dissolution of zinc in 2M NaOH solution in presence of 11X10° M of 4-coumarin

derivatives.

Table 4: Inhibitor binding constant (K), Free energy of AG,g, number of active sites (1/y) and later interaction
parameter (a) for 4-coumarin derivatives at 30 °C.

Kinetic model Temkin
Corrosive | ibitors
medium 1ly K -AG s, a K -AG s,
kJmol? kJmol?
(@) 8.88 6873.82 31.00 20.84 6225.35 31.16
I
2 (b) 3.96 678326.62 42.58 11.24 641870.22 42.70
pd
E © 4.98 96159.57 37.87 13.82 95951.28 38.05
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111.4. Effect of temperature

The effect of rising temperature on the rate of dissolution of Zn in 2M NaOH solution containing11x10® M of three
compounds of 4-coumarin derivatives was studied by weight loss measurements over a temperature range from 35 to
55 °C. Similar curves to Fig .1were obtained (not shown).

The apparent activation energy Ea*, the enthalpy of activation AH* and the entropy of activation AS* for the
corrosion of zinc samples in 2M NaOH solution containing 11x10® M concentrations of 4-coumarin derivatives were
calculated from Arrhenius-type equation:

Rate = A exp (-E,*/RT) (10)

and transition-state equation:
Rate = RT/Nh exp (AS*/R) exp (-AH*/RT) (11)

where A is the frequency factor, and R is the universal gas constant ,T is absolute temperature, h is Plank's constant,
and N is Avogadro's number. Fig. 5 represents Arrhenius plot (log Rate vs. 1/T ) for uninhibited and inhibited Zinc in
2M NaOH solution containing containingl1x10® M of the studied compounds. The values of E, can be calculated
from the slope of the straight lines and given in Table 5. The increase of the activation energies in the presence of
inhibitors is attributed to an appreciable decrease in the adsorption process of the inhibitors on the metal surface with
increase of temperature and a corresponding increase in the reaction rate because of the greater area of the metal that
is exposed.

Fig.6 represents a plot a log (Rate/T) vs. 1/T for uninhibited and inhibited Zinc in 2M NaOH solution containing
11x10° M of the studied compounds give straight lines with slope of - AH*/2.303R, and intercept is equal to log
R/Nh +AS*/2.303R .The values of AH* and AS* are calculated and listed in Table 5.. The positive values of AH*
reflect a strong chemisorptions of the inhibitor on the surface. The values of entropy of activation AS* in the absence
and in the presence of the studied coumarin compounds are negative. This implies that the activated complex in the
rate determining step represents an association rather than a dissociation step [20]. This means that the activated
molecules were in higher order state than that at the initial stage.
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Fig. 5: log corrosion rate vs.1/T for the dissolution of zinc in presence of 11X10®M of 4-coumarin derivatives.
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Fig. 6: log corrosion rate / T vs.1/T for the dissolution of zinc in presence of 11X10° M of 4-coumarin derivatives.

Table 5: Activation parameters of the dissolution of zinc in 2M NaOH in the absence and presence of 11x10° M 4-

coumarin derivatives

. Activation parameters
Corrosive
medium inhibitors E,", kimol * AH", kimol™* -AS*Jmol k!
Free alkali 11.38 9.93 178.45
@) 1360 10.30 168.55
I
% (b) 15.60 11.87 153.51
=
s (©) 17.80 12.42 145.91
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111.5. Galvanostatic polarization

Fig.7 represents the galvanostatic polarization curves of zinc electrode in 2M NaOH solution in absence and presence
of various concentrations of compound (b) as an example of the tested 4-coumarin derivative. Similar curves were
obtained for other two compounds (not shown). Corrosion parameters such as corrosion current density (icor),
corrosion potential (Ecor.), Tafel slopes (Ba and Bc), degree of surface coverage (6) and inhibition efficiency (%) were
determined and are given in Table 6. Inspection of this Table, it is obvious that.

a) The anodic (B.) and cathodic (B.) Tafel slopes are approximately constant suggesting the inhibiting action of
these compounds acted by adsorption at the metal surface according to blocking adsorption mechanism. These
compounds decrease the surface area available for anodic dissolution and cathodic hydrogen evolution reaction
without affecting the reaction mechanism.

b) The values of E.. change slowly to less negative values and the value of I, decrease and hence the values of
IE's increases indicating the inhibiting effect of these compounds.

c) The values of IE's of the three tested compounds decrease in the following order: b >c¢ > a.

The order of the inhibition efficiency is in a good agreement with that obtained from weight loss measurements.

111.6.Chemical Structure of Inhibitors and Corrosion Inhibition

Inhibition of the corrosion of zinc in 2M NaOH solution by some 4-coumarin derivatives was studied using weight
loss and galvanostatic polarization measurements, The observed corrosion date were obtained as the concentration of
inhibitors increases, namely,

i- The linear variation of weight loss with time.

ii-The decrease of weight loss .

iii-The inhibition efficiency increases and decreases with rising temperature..

iv. The parallel shift in Tafel lines to higher potential values. and

v. The corrosion current density decreases

The mechanism of the inhibition processes of the corrosion inhibitors under consideration is mainly the adsorption
one The adsorption process is governed by different parameters that mostly depend on the chemical structure of these
inhibitors, the number of adsorption active centers in the molecule and their charge density, molecular size, mode of
adsorption, heat of hydrogenation and formation of metallic complexes. The percentage inhibition efficiency of the
three studied coumarin derivatives toward the corrosion of Zn in 2MNaOH solution are in the order:
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(b), 4-benzyl amino coumarin, (c), > 4-phenyl amino coumarin(a), > 4-hydroxy coumarin,
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Potential ,mV (Vs.SCE)
5
1

Fig 7: Galvanostatic polarization curves for the dissolution of zinc in 2M NaOH solution in presence and absence of
different concentrations of compound (b) at 30 °C.
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Table 6: Corrosion parameters of Zn electrode in 2M NaOH solution containing different concentrations of inhibitors.

Concentration -Ecorr leorr., Bas mV Be, 0 %I
, M. mV/(SCE) pA cm’, dec™. mvV
dec™.

0 745 386 78.5 95.0 | --mm | -oee-
1x10° 736 153 68.6 82.1 0.606 60.63
3x10° 740 143 69.3 79.3 0.629 62.95

a 5x10° 748 134 65.1 86.3 0.653 65.28
7x10° 752 126 63.0 85.4 0.673 67.35
9x10° 755 118 64.6 92.0 0.694 69.43
11x10° 765 111 62.4 79.5 0.712 71.24
1x10° 745 98 59.2 83.8 0.746 74.61
3x107 748 ) 56.4 80.0 0.767 76.68
5x10° 740 85 58.9 76.8 0.779 77.97

b 7x10° 736 74 58.7 78.9 0.808 80.82
9x10° 735 64 592 81.9 0.834 83.42
11x10°® 740 59 59.1 82.2 0.847 84.71
1x10° 745 115 58.9 82.9 0.707 70.72
3x10° 742 106 59.3 86.3 0.725 72.53

. 5x10° 747 101 60.6 84.2 0.738 73.83
7x10° 750 97 59.9 87.7 0.749 74.87
9x10°® 754 93 60.9 88.1 0.759 75.91
11x10°® 758 88 59.9 86.6 0.772 77.20

The extent of inhibition depends on the molecular size of the molecule and the electron density (donating or with
drawing) of the substituent groups. Skeletal representation of the mode of adsorption of the tested derivatives is shown
in Fig.8 [14]. Compound (b) exhibits excellent inhibition power due to: (i) its larger molecular size that may facilitate
better surface coverage, (ii) its adsorption through two active centres as shown from Fig 8, and (iii) the benzyl gp.
which is highly electron releasing group which enhance the delocalized m-electrons on the active centres of the
compound. Compound (c) comes after compound (b) in inhibition efficiency inspire of it has two active centres,
because it has lesser molecular size. Compound (a) has the lowest inhibition efficiency in spite of it has two active
centres. This is because it has the lowest molecular
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(b)

()

Fig. 8: Skeletal representation of the mode of adsorption of the tested derivatives.

V1. CONCLUSION

=

The investigated 4- coumarin derivatives are efficient inhibitors for the corrosion of zinc in 2MNaOH solution.

2. The inhibition efficiencies of 4-coumarin derivatives increased with increase in inhibitors concentration but
decreased with the increase in temperature.

3. The addition of BaCl, to coumarin compounds improves the values of the inhibition efficiency due to synergistic

effect.

The inhibitive effect of these compounds due to the formation of complex adsorbed on the metal surface.

The adsorption process follows Temkins isotherm.

The inhibition efficiency obtained from polarization measurements showed good agreement with those obtained

from comparative weight loss determination.

o oM
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