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ABSTRACT

In this study the effect of a new synthetic Schiff base namely bis -(2-hydroxy-3-methoxy)-1,6-diaminohexane
salicylaldimine on the corrosion and dezincification of a 70/30 brass in 1M HCI has been studied using weight loss
, electrochemical (polarization & impedance) and solution analysis techniques. Results obtained revealed that this
compound is very good inhibitor and behaves as mixed type of inhibitor for brass 70/30 in this acid medium.
Solution analysis and surface composition (weight%) of the alloy in the presence and absence of inhibitor by
atomic absorption spectroscopy (AAS) and energy dispersive X-Ray analysis (EDAX) revealed the decrease in
dissolution of both Cu and Zn in the presence of this inhibitor. The dezincification factor (Z) was calculated by

using analysis solution.
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1. INTRODUCTION

One of the applications of brasses is for the casting of
decorative item. Brasses are widely used for outdoor
applications and sanitary fittings, which are exposed to
corrosive environments, also they are widely used in
industries ,particularly as condensers and heat exchangers
in power plants [1].These equipments should be regularly
cleaned, because their heating transmission are
diminished due to precipitate the oxides and carbonates.
Acid solution are widely used in industry the most
important areas of application being acid pickling ,
industrial acid cleaning, acid descaling and oil well
acidizing [2]. Inhibitors are usually used in these
processes to control the corrosion of the metal. The
choice of the inhibitor is based on two considerations.
First, it can be synthesized conveniently from relatively
cheap raw materials. Second, the presence of an electron
cloud on the aromatic ring, the electronegative sulphur,
nitrogen, oxygen atoms and the relatively long chain
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compounds to induce greater adsorption on the metal
surface promoting effective inhibition [3].Generally , a
strong coordination bond causes higher inhibition
efficiency, the inhibition increases in the sequence
O<N<S<P [4-13]. The inhibition of corrosion by schiff
bases can be attributed to its molecules with m-electrons
of —C=N-groups and m-clectrons of aromatic ring.
Conjugating large 7 bond through which its molecules are
likely to be adsorbed strongly on the metal
surface[14].The aim of the present work was to study the
inhibition efficiency of a new synthetic schiff base
namely bis -(2-hydroxy-3-methoxy)-1,6-diaminohexane
salicylaldimine(Figure 1) on the corrosion and
dezincification of a 70/30 brass inlM HCIL
Electrochemical methods such as Tafel polarization ,
impedance spectroscopy ,weight loss and solution
analysis were used. Dezincification of brass was analyzed
using atomic absorption spectroscopy. The composition
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of brass surface was analyzed using dispersive x-ray
analysis ( EDAX).
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Figure 1.The structure of schiff base.
2. EXPERIMENTAL DETAILS
2.1. Materials

For polarization studies, the thick brass sheet with a
composition of Cu 70% and Zn 30% ,was embedded in
epoxy resin, to expose geometrical surface area of lcm’
to electrolyte. The electrode was polished to mirror
finish, using fine grain emery paper of (120-1200) grade
under water flow, washed with double distilled water and
acetone and dried prior to the experiments. The solutions
were prepared with analytical grade and chemically pure
reagents (Merck).Schiff base compound with structure
shown in fig.1 was dissolved in absolute ethanol to obtain
1000ppm concentration, then from this concentration by
adding to corrosive electrolyte were prepared designated
concentration of Schiff base.

2.2. Weight-loss Studies

Weight-loss experiments were carried out with
rectangular brass coupons (1x1x0.1 ecm?). The coupons
were immersed in 100 mL of 1M HCI solution with and
without inhibitor and allowed to stand at room
temperature according to the ASTM standard procedure
described in literature [15].

2.3. Electrochemical Studies

The anodic and cathodic polarization behavior of 70/30
brass in 1M HCI solution with and without of various

Tablel. Obtained parameters from weight-loss measurement.

concentration of inhibitor was determined using a
Potentiostat/Galvanostat 263A (EG&G) Princeton
Applied Research HF response model 1025, in a
conventional three-electrode cell assembly with a Pt-
counter electrode (CE) , a standard calomel electrode
(SCE) and working electrode(WE). The polarization
curves were obtained using a sweep rate of 1 mV s from
-500 to -100 mV after 30 min. immersion in electrolyte at
room temperature. The electrochemical impedance
experiments were carried out using AC signals of
amplitude 5 mV peak to peak at the open circuit
potential(E,,) in the frequency range 100 kHz to 10 mHz
after 30 min immersion in the electrolyte cell.

2.4. Solution Analysis

During the anodic polarization, the metal dissolution
takes place releasing considerable amount of metal ions
from the material. The solutions left after polarization
measurements were analyzed by atomic adsorption
spectrometer (model Spectra A-20) to measure the
amount of Cu and Zn leached out from the alloys. The
solution containing the maximum concentration of the
inhibitors and a blank solution containing no inhibitors
for comparison were chosen.

2.5. Surface Analysis

The comparison of the brass surface after polarization
measurements was analyzed using energy dispersive X-
Ray analysis (EDAX) using SEM (model CamScan
MV2300).

3. RESULT AND DISCUSSION
3.1. Weight-loss Measurements

The percentage of inhibition efficiency (n,%) over the
period was calculated using the following equation [16].

W, —W
x 100 (1

n %=
w
Yo
Where w, and w are the mean values of three plicate
weight loss of samples after immersion in solution
without and with inhibitor respectively. The results of

weight-loss measurements are shown in tablel.

Inhibitor conc. (ppm) 25 50

75 100

(M%) 4033 7842

83.93 89.99

3.2. Potentiodynamic Polarization Studies

Figure 2. represents the polarization curves of 70/30 brass
in IM HCI in the presence and absence of various
concentration of Schiff base. It is observed that, both of
the cathodic and anodic curves show lower current
density in the presence of the Schiff base than those
recorded in the solution without the Schiff base. This
behavior indicated that used Schiff base have effect on

both cathodic and anodic reactions of corrosion process.
Therefore, this compound could be classified as mixed
type inhibitor.

The parameters and corrosion inhibition efficiencies (n
%) derived from these curves are given in table 2. The
inhibition efficiency percent (n %) of inhibitor is
calculated by the follow equation (17).
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Where I, and I are the uninhibited and inhibited corrosion
current densities determined by extrapolation of catholic
and anodic Tafel lines at 150 mV more positive and
negative than E;.
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Figure 2. Polarization curves in absence and presence of various concentration of inhibitor.

Table 2.Electrochemical parameters obtained from polarization curves.

Where f is the frequency at the apex of the semicircle in

Inhibitor Ecorr /mV Icorr LA fem? n%
Conc / ppm Vs.SCE
0 -296.1 3.210 —
25 -296.8 1.974 38.50
50 -295.7 0.793 75.30
75 -294.3 0.555 82.71
100 -293.4 0.359 88.82
3.3. Impedance Measurements
Electrochemical  impedance  spectroscopic  (EIS) the Nyquist plot.

measurements have been carried out for brass in 1M HCI
in the absence and presence of various concentration of
inhibitor .The Nyquist plots are shown in Figure 3.

The charge transfer resistance, R, values were calculated
from the difference in the resistance measurements
obtained at lower and higher frequencies. The double
layer capacitance (C4) was obtained from the follow
equation (18).

J(~Zinax) = 3)

7C g Ry

The inhibition efficiency percent (n %) of inhibitor was
calculated by the follow equation (19).

R. —R
7% = ct Oct><
R

100 @)

ct

Where R and Ry are the charge transfer resistance
value with and without inhibitor, respectively .The
impedance parameters derived from EIS experiments
were listed in Table3. According to results of table 3 the
inhibition  efficiency  increases  with  inhibitor
concentration increasing and is in good agreement with
weight loss and polarization results.
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Figure 3. Nyquist plots for brass in IM HCI + different concentration of inhibitor.

Table 3. Impedance parameter values for IM HCI + different conc. of inhibitor.

Inh Conc.(ppm) Ry (Q cm?) Cg (uF/cm?) n%

0 1188 1049.00 —
25 1863 924.30 36.62
50 4421 900.21 73.13
75 6279 800.40 81.08
100 7960 720.40 85.08

inhibitor at their maximum concentration level for brass
were summarized in table 4.

3.4. Solution Analysis

The results of solution analysis and the corresponding
dezincification factor (z) in the presence and absence of

Table 4. Effect of maximum concentration of inhibitors on the dezincification of brass.

Inhibitor Solution Analysis Dezincification | IE%
conc/ppm Cu /ppm Zn /ppm | Factor (z) Cu
Zn
0 0.23 4.75 46.15 — —
100 0.05 0.56 26.10 78.26 88.21

The copper/zinc ratio in solution was found smaller than
that of the bulk alloy. This indicates that the growth of
surface film and dissolution of the alloy controlled by

The dezincificion factor (z) was calculated using the
following equation [20]

(znicu),, diffusion [21], which is related to the difference between
Z= ( ) (€)) the ionic radii of Zn"?and Cu''ions. The results indicated
Zn ! Cu ) 4oy that the inhibitor is able to minimize the dissolution of

both copper and zinc. The percent inhibition efficiency
(IE%) against the dissolution of zinc was correspondingly
higher as compared to the dissolution of copper which is
also reflected in the values of dezincification factor. This

Where the ratio (Zn/Cu),, is determined from solution
analysis and (Zn/Cu),y is the ratio of weight percent in
the alloy.
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suggests that the schiff base efficiently prevent the
dezincification of 70/30 brass in 1M HCI solution.

3.5. Surface Composition Analysis

291

The surface composition (weight %) of the alloy in the
presence and absence of inhibitor was given in table 5.

Table 5.Surface composition (wt %) of brass in 1M HCIl solution after polarization without and with maximum concentration

of inhibitor.
Inhibitor conc.(ppm) Cuwt.% | Zn/wt.% | Cl/wt.%
Alloy 70 30 —
0 68.35 26.53 5.12
100 69.23 29.18 1.59

In the absence of inhibitor, the metal ions were leached in
HCI solution and the (wt%) of Cu and Zn are present in
the surface layer were reduced. more over, the higher
concentration of chloride ions on the surface shows the
penetration of CI” ions into the alloy. However, in the
presence of inhibitor the (wt %) of Cu and Zn is smaller
and closer to that of the bulk composition of alloy. Based
on the surface analysis, this inhibitor exhibited good
inhibition efficiency in 1M HCI solution.

3.6. Mechanism of Corrosion Inhibition

It is well known that the inhibitive action of organic
compound containing S, N and/or O is due to the
formation of a co-ordinate type of bond between the
metal and the pair of electrons present in the additive.
The tendency to form co-ordinate bond and hence the
extent of inhibition can be enhanced by increasing the
effective electron density at the functional group of the
additive. In aromatic or heterocyclic ring compounds, the
effective electron density at the functional group can be
varied by introducing different substituents in the ring
leading to variations of the molecular structure. The
higher inhibition efficiency of the Schiff base compound
studied is due to the basis of donor-acceptor interaction
between the 7 electrons of the inhibitor and the vacant d-
orbital of copper surface or interaction of inhibitor with
already absorbed chloride ions [22].

3.7. Adsorption Isotherm

In order to get a better understanding of the
electrochemical process on the metal surface, adsorption
characteristics was also studied. Of course, it is well
known that adsorption of inhibitor molecule strongly
depends on its chemical structure. Adsorption isotherms
are very important in determining the mechanism of
organo-electrochemical reactions. The most frequently

used isotherms are Langmuir, Frumkin and Temkin with
the general formula,

7(6.X)exp(- 200) = KC ©)
Where f (9, X) is the configurationally factor, @ is
the degree of surface coverage, C is the inhibitor
concentration in the electrolyte, X is the size ratio, & is
the molecular interaction parameter, and K is the
equilibrium constant of the adsorption process. The
surface coverage 6 can readily be calculated from any
of the Eq. (1), (2) or (4), as in that case it is numerically
identical to the value of the inhibition efficiency:

n%
100

0=n-= (7)
In the following, impedance data (Eq. (4)) were used for
0 calculation.

Figure 4 represented the data obtained from Langmuir
isotherm for brass electrode in 1M HCIl with various
cons. of Schiff base .This isotherm is:

0
— =KC
1-6

®)

Where @ is the surface coverage, C is the concentration
and K is the constant of the adsorption process.

According to Eq. (8) the plot of % 0 vs. Ciyp yield a

straight line, clearly proving that the adsorption of the
Schiff base in 1M HCI on brass obeys the Langmuir
isotherm [23].






292

G.U. J. Sci., 23(3):287-293 (2010)/ Athare DADGARINEZHAD'*, Fatemeh.BAGHAEI'

&0

&0 100 120

Cirn/ppm

Figure 4. Langmuir adsorption plot for inhibited brass in 1M HCI.

4. CONCLUSION

1-This new synthetic schiff base, was effective corrosion
inhibitor in 1M HCI solution for brass.

2-Polarization studies showed that schiff base behaved as
a mixed (anodic-cathodic) inhibitor.

3-Impedance studies indicated that with increasing
inhibitor concentration R, values increased, while Cy
values decreased.

4-Solution analysis showed that this inhibitor is able to
minimize the dissolution of both copper and zinc.

5-The obtained inhibition efficiencies (M%) from
different techniques were in good agreement.

6-The inhibition was due to the adsorption of the schiff
base on the brass surface and blocking of active sites, and
adsorption of the Schiff base on the surface obeyed the
Langmuir,s isotherm.
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