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Abstract

The use of inhibitors for the protection against corrosion in acidic media such as nitric acid, sulfuric acid and
hydrochloric acid is widely reported. Schiff bases, a group of compounds containing nitrogen atoms were found to
be efficient inhibitors for corrosion in acidic media. Some research work revealed that the inhibition efficiency of

Schiff bases was found to be greater than their precursor, amines and aldehydes.

In this study, the corrosion inhibition of aluminium by the synthesised Schiff's bases in acidic solution (HCI) was
investigated by weight loss measurements and potentiodynamic measurement. The synthesised Schiff bases used
in this study were as follows: N,N’-(4-hydroxybenzylidene)-m-phenylenediamine (1), N,N’-(2-hydroxy-3-
methoxybenzylidene)-m-phenylenediamine (2), (£)-4-bromo-2-((4-bromophenylimino)methyl)phenol (3) and (E)-
4-bromo-2-((pyridine-2-ylimino)methyl)phenol (4). All the Schiff bases obtained were characterised using FTIR,
'H and '*C NMR. Results of inhibition efficiencies observed from these two methods are in good agreement and
have been found to be dependent on the concentration of Schiff bases. It was observed that the inhibition
efficiency of all Schiff bases increased with increasing concentrations of all Schiff bases, indicating their potential

corrosion inhibiton of aluminium.

1. Introduction

Aromatic or heterocyclic aromatic compounds containing nitrogen were used as
corrosion inhibitors in acidic media (Gamma, 1993, 1995). Schiff bases, an example
of compound containing nitrogen which can be derived from the reaction of an amine
and a ketone or aldehyde are well known organic inhibitors (Hosseini, 2003; Yurt et
al., 2004). Behpour et al. reported the present of -C=N- group in the Schiff base
molecules was the reasons in the inhibition efficiency. (Behpour et al., Li et al., 1999)
Al-Douh et. al. prepared benzylidine compounds by the acid-catalyzed reaction of
aromatic aldehydes and amine compounds in boiling absolute ethanol. Those products
were re-crystallized from ethanol and was believed to follow tetrahedral mechanism
(Al-Douh et. al.,2004).

The aim of this present study was to examine Schiff bases compound 1-4 as an

inhibitor for the corrosion of Al in 0.5 M H,SO,, on the basis of weight loss and



potentiodynamic measurement data. The result of this study may be useful to
researcher attempting to gain more understanding of the corrosion activity of Schiff

base compounds.

2. Experimental details

2.1 Synthesis of Schiff Bases

The molecular structures of the examined Schiff bases are shown in Fig. 1. Studied
Schiff bases were synthesized according to published method (Al-Douh et al., 2004
and Hadjoudis et. al.,1987) with a slight modification. Briefly 1 and 2 were prepared
by condensation of benzene-1,3-diamine with 4-hydroxy benzaldehydehyde and 2-
hydroxy-3-methoxy benzaldehyde respectively. While 3 and 4 were prepared by
condensation of 5-bromosalicylaldehye with 4-bromoaniline and 2-aminopyridine,
respectively. All chemicals used were analytical reagent grade (Merck) and were
used without further purification. All the compounds were characterized by FTIR, 'H-
NMR and ">C-NMR and were consistent with the structure reported earlier (Al-Douh
et al., 2004 and Hadjoudis et. al.,1987).
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Figure 1 : Schiff bases, N,N’-(4-hydroxybenzylidene)-m-phenylenediamine (1), NN -
(2-hydroxy-3-methoxybenzylidene)-m-phenylenediamine  (2), (E)-4-bromo-2-((4-
bromophenylimino)methyl)phenol(3), (E)-4-bromo-2-((pyridine-2-

ylimino)methyl)phenol (4)



2.2 Measurement of Corrosion Inhibition
2.2.1 Weight Loss Measurement

Weight loss measurements were performed using rectangular aluminium specimens,
of size 1.5 cm x 3 cm. The samples were first polished to a mirror finish using 600,
800, 1000 and 1200 grit emery paper, washed with double distilled water and dried at
room temperature. The mass of the samples were then determined using an analytical
balance. The samples were immersed for a period of 24 hours in 10 mL 0.5 M HCI
solution containing various concentrations of the studied inhibitors. Inhibitor
concentration were chosen as 0.1, 0.2, 0.3, 0.4 and 0.5 gL'] in 25% ethanol at room
temperature. The samples were then rinsed with distilled water, degreased with
acetone and finally rinsed with distilled water. The samples were dried at room
temperature. The mass of the samples were determined. The inhibition efficiency , %

IE were calculated in the classical way as

follow (Hosseini et. al., 2003):

%IE= Wo—W x 100
Wy

where Wy and W are weight loss observed in the absence, respectively, in the

presence of inhibitor, All determinations were made in triplicate.

2.2.1.1 Working Electrode

The employed working electrodes were prepared from a alumimium plate with the
chemical composition: 0.24% Fe, 0.47% Ag, 3.61% C, 11.61% O and 84.08% Al
The metal plate was cut as square specimens having 9 cm? area. The metal plate was
then polished to a mirror finish using 600, 800, 1000 and 1200 grit emery paper. The

electrodes then degreased in acetone and double distilled water.

2.2.2 Polarization Measurement



Polarizartion measurements were carried out using a PC controlled Volta Lab, PGP
201 system with Voltamaster 4 software. A platinum and a saturated calomel
electrode were used as the auxillary and reference electrode, respectively. Working
electrode was first immersed into the 50 mL 0.5 M HCI solution containing various
concentrations of the studied inhibitors as mentioned in section 2.2.1 for 30 min to
establish a steady state open circuit potential. Potentiodynamic polarization studies
was performed with a scan rate of 0.5 mV/sec in the potential range from -1000 to -
100 mV. The inhibition efficiency was calculated using the relation as follows
(Behpour et. al., 2007):
%IE = Leopr — leorrGuny % 100

ICOI"T

where Ilor and Icomqinny are corrosion current density observed without and with

inhibitor respectively.

3. Result and discussion

3.1 Weight Loss Measurement

When Al was immersed with 0.5 M HC], it will suffer a weight loss. The evaluation
of inhibition efficiency (%IE) was performed through weight loss experiments and
was calculated by using equation in part 2.2.1. The effect of absence and presence of
various inhibitor concentrations on the inhibition efficiency for aluminium in 0.5 M
HCI are shown in Table 1 and 2. Generally, the result shows that the efficiency of all
the compounds increases with increasing inhibitor concentration. It should be noted
that the increased of inhibition efficiency of 2 and 3 is rather small as compared to 1
and 4. However 2 and 3 are shown higher inhibition efficiency among examined
inhibitors. The chemical structure of the organic molecule would affect the adsorption
process in the adsorption mechanism of inhibitor onto the metal surface (Emregiil,
2006). The structure of compound 2 is slightly the same as compound 1, but in term
of the inhibition result, it shown higher inhibition efficiency than compound 1. This is
attributable to the presence of an electron releasing group (-OCHjs) which increases

the inhibitor rate by increasing the electron density (Emregiil, 2006). While



compound 2 shows higher inhibition efficiency than compound 3. The more aromatic
ring in compound 2 is assumed to affect the inhibition rate of 2, since the adsorption
of the molecules on the surface by interaction with 7 electrons of the aromatic ring
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and subsequently higher inhibition efficiency. This phenomenon results the higher
inhibition efficiency of 2. Behpour et al. was reported the same observation in their
corrosion study (Behpour et al., 2008).

The other observation was found for compound 3 and 4. Even though their structures
are slightly the same, but compound 4 shows higher inhibition efficiency than
compound 3. The difference in inhibition between 3 and 4 arises due to the presence
of m electron deficient ring (i.e. pyridine) in 4 as a substituent. The presence of
pyridine in 4 as a substituent causes decrease of electron density of C=N group which
gives a less efficient protection action of aluminium surface than 3 (Yurt et. al,
2004). Substitution of two bromine atoms on the benzene ring affects the inhibition
efficiency of compound 3 and 4. This result shows that Br atom on benzene ring in
this molecules are the most probable additional centres of adsorption. Thus inhibitor

functions of 3 are related to a specific adsorption mechanism that depends on the

magnitude of negative charges on the Br atom.

Table 1: Data of inhibitor concentration on inhibition efficiency of Schiff bases 1 and

2 for aluminium in 0.5M HCI (weight loss measurement)

Concentration (M) | Inhibition efficiencies (%IE) (1) | Inhibition efficiencies (%IE)(2)
Blank - -
3.0X 107 17.56 82.88
6.0X 107 25.45 91.62
9.0X 107 29.75 89.98
12X 107 3423 89.98
1.5X 10~ 39.25 88.16




Table 2: Data of inhibitor concentration on inhibition efficiency of Schiff bases 3 and

4 for aluminium in 0.5M HCI (weight loss measurement)

Concentration (M) | Inhibition efficiencies (%IE) (3) | Inhibition efficiencies (%IE)(4)
Blank - -
2.8X 10" 81.82 11.89
56X 10" 85.31 13.99
8.4X10" 88.11 28.67
1.1X 107 89.04 28.44
1.4X 107 89.51 31.00

3.2 Polarization Measurement

The electrochemical parameters associated with polarization measurements and the
inhibition efficiency (%IE) at different concentrations are listed in Table 3-4, where
EcorrRp, Icorr, B, and B, are the corrosion potential, polarization resistance, corrosion
current density, anodic and cathodic Tafel slopes, respectively. The effect of inhibitor
concentration on the inhibition efficiency of the two Schiff bases for aluminium in
0.5 M HCl in the absence and presence of various inhibitor concentrations of 1-4 are
shown in Figs 3-6. These Figures shows the influence of various concentrations of
compounds 1-4 respectively on the polarization behavior of aluminium in 0.5 M HCL
The curve represent results the corrosion current density which has been compared
with the blank curve. The addition of Schiff base 1 to acid media will affect both the
cathodic and anodic parts of the curve, where the corrosion potential shifted to
positive and negative direction, therefore this compound behaved as mixed anodic-

cathodic inhibitors.

The other Schiff bases 2-4 shows a different observation, where corrosion potential
shifted to negative direction more likely. This shows that the effect of inhibitors on
the cathodic reaction is more observable on the anodic reaction. It is also observed
that, the cathodic curves show lower current density in the presence of Schiff bases

than those recorded in the solution without the inhibitor while the anodic curves did




not show any changes in the current density in the presence of Schiff bases 2-4. This
behavior indicated that those compounds influencing the cathodic reaction of

corrosion process. Therefore, these compounds could be classified as cathodic
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Legend: ﬁ
1 (blank 0.SM HCD), 2 (3 x 107 M), 3 (6 x 10> M), 4 (9 x 107 M),5 (1.2 x 102 M)
6 (15 % 10-3 M)

Figure 2: Polarization curves for the aluminium in 0.5M HCI with and

without various concentrations of compound 1



Figure 3: Polarization curves for the aluminium in 0.5M HCl with and

without various concentrations of compound 2
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Figure 4: Polarization curves for the aluminium in 0.5M HCI with and

without various concentrations of compound 3
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Figure 5: Polarization curves for aluminium in 0.5M HCI with and without various

concentrations of compound 4



Table 3: Electrochemical parameters for aluminium in 0.5 M HCI containing various

concentrations of inhibitors at 25°C

Tafel Plot
Inhibitor Rp

Cinh Ecorr (Ohm/ C Icorr Ba Bc %IE
(mV) m? (mA/ecm?) | (mV) | (mV) Leorr)
- Blank [-750.6| 25.6 0.7947 396 | -167.7 0

1 3.0X 107
-764.2 1 26920 | 0.0590 20.8 -87.7 92.6

6.0X 10~
-760.8 | 162.42 | 0.1911 29.7 -153.7 75.9

9.0X 10
-720.3 | 40624 | 0.0281 20.3 231.2 96.5

1.2X 10™
-751.4 | 43.36 0.5567 29.1 -185.8 29.9

1.5X 107
-764.2 | 321.64 |0.1130 24.4 -155.7 85.8

2 3.0X 10”
-792.9 | 641.55 | 12.6764 53.1 -45.5 137.9

6.0X 10~
-791.5 | 72227 | 10.2183 50.6 -42.7 111.1

9.0X10°
-759.1 | 108.50 | 0.2162 26.4 -183.0 2.4

1.2X 107
-826.4 | 587.36 | 17.1962 65.2 -61.6 187.1

1.5X107
-876.6 | 770.25 | 10.3828 50.0 -47.3 112.9
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Table 4: Electrochemical parameters for aluminium in 0.5 M HCI containing various

concentrations of inhibitors at 25°C

Tafel Plot
Inhibitor Cinh Ecorr Rp Leorr B, B, %IE
(mV) | (ohm/em?®) | (mA/em?®) | (mV) | (mV) (Leorr)
- Blank -751.6 8.35 3.5737 150.0 | -305.3 0
3 2.8X 10"
-791.6 | 649.72 0.0070134 | 29.4 -28.1 99.80
56X 10*
-794.5 511.16 0.0134029 | 40.2 -41.9 99.62
8.4X10°
' -757.1 63.89 0.1819 222 | -117.2 94.91
1.1X 107
-771.0 | 248.75 0.1071 240 | -151.3 97.00
1.4 X107
-763.1 252.54 0.0561 20.0 | -144.9 98.43
4 2.8X10°
-768.3 98.90 0.2012 21.8 | -150.3 94.37
56X107
-764.0 61.07 0.3606 255 | -138.3 89.91
8.4X10*
-761.9 60.51 0.2731 20.8 | -144.4 92.36
1.1X 107
-765.2 50.22 0.4301 25.8 | -141.1 87.96
1.4X10°
-761.2 65.31 0.3552 253 | -181.6 90.06
Conclusions

Results prove that compounds 1-4 display

inhibition of corrosion properties for

aluminium in 0.5 M HCL. The inhibition efficiency is seen to increase in the following

order, 2>3>1>4. By using weight loss measurements, the percentage inhibition

efficiency is seen to increase with increasing additive concentration. Polarization

measurements demonstrate the compounds under investigation act as cathodic and

mixed inhibitor.

11




The adsorption of compounds 1-4 is probably occur on aluminium surface. As far as
the inhibition process is concerned , it is generally assumed that the adsorption of the

inhibitor at the metal /solution interface is the first step in the action mechanism of the
inhibitors in acid media. Four types of adsorption may take place in the inhibiting
phenomenon involving Schiff bases at the metal/solution interface: (1) electrostatic
attraction between charged molecules and the charged metal, (2) interaction of
unshared electron pairs in the molecule with the metal, (3) interaction of x electrons
with the metal and (4) a combination of the above (Schweinberg et. al., 1988). The
difference in protection action can be attributed to the presence of different substituent

to azomethine (C=N) group.
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