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The inhibiting action of sinapinic and gentisic acid on Al-0.8Mg alloy in 0.5 mol dm™ NaCl solution
was studied using potentiodynamic polarization method, linear polarization method, and
electrochemical impedance spectroscopy measurements. Investigations were performed on a rotating
disc electrode in a quiescent solution and at different electrode rotation rates and electrolyte
temperatures. The results indicate that the investigated phenolic acids act as cathodic corrosion
inhibitors for the Al-0.8Mg alloy, and the inhibition efficiency increases with increasing inhibitor
concentration but decreases with increasing electrode rotation rate and electrolyte temperature. A
mechanism of physical adsorption is proposed for the inhibition behaviour and the adsorption
characteristics of the inhibitors were approximated by Freundlich adsorption isotherm.
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1. INTRODUCTION

Aluminium and its alloys are important materials for use in many applications, such as for
automobiles, aviation, household appliances, containers and electronic devices [1-3], owning to its
many favourable characteristics - including low density, good electrical and thermal conductivities,
high ductility and good corrosion resistance. The application of aluminium and its alloys are often
possible because of the natural tendency of aluminium to form a passivating oxide layer. However, in
aggressive media, the passivating layer can be destroyed, and corrosive attack can take place. The
protection of aluminium and its oxide films against the corrosive action of chloride ions have been
extensively investigated and a great number of inhibitors have been studied [4-10]. Unfortunately,
many common corrosion inhibitors are health hazards, so researchers are focused in finding
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environment friendly inhibitors [11-15]. Naturally occurring antioxidants are cheap, readily available
and renewable sources of materials, and can be used as corrosion inhibitors. These organic compounds
are either synthesised or either extracted from aromatic herbs, spices and medicinal plants [16-18].

This study was a continuation of the research of corrosion inhibition of Al-Mg alloys with
compounds that exist in Mediterranean plant Rosmarinus officinalis L., The authors had previously
found that neutral fraction of aqueous extract Rosmarinus officinalis L., with its dominant compound
(+)-catechine, can served as adequate corrosion inhibitor of Al-2.5Mg alloy in sodium chloride
solution [17,19]. Acidic subfractions of aqueous extract, which contained different phenolic acids, also
have shown corrosion inhibition characteristics [20,21]. One of identified phenolic acid in acidic
aqueous fraction of rosemary leaves was sinapinic acid and results of investigations with the pure
sinapinic acid have shown that this acid act as cathodic corrosion inhibitor for Al-2.5Mg alloy [22].

In this paper we present the novel results of corrosion inhibition of Al-Mg alloy with phenolic
acids. We used Al-0.8Mg alloy as a working material and two phenolic acids, sinapinic and gentisic
acid, which was found in the acidic fraction of the aqueous extract of Rosemary leaves. The procedure
of obtaining acidic fractions from the aqueous extract of Rosemary leaves has been described
previously [19]. These phenolic acids show good antioxidant activity [23,24] and also antibacterial and
weak anti-fungal activity [25,26].

2. EXPERIMENTAL PART

A disc-working electrode suitable for a Radiometer Analytical EDI 101 rotating disc system
was machined from a cylindrical rod with a diameter of 8 mm. The chemical composition of the
Al-0.8Mg alloy was Mg-0.8%, Fe-0.2%, Si-0.1% and Al-98.9%. The exposed electrode surface was
abraded with different grades of emery papers, polished with alumina slurries (0.5 and 0.05 pm),
degreased in ethanol, rinsed with doubly distilled water and left a few minutes in the air to form the
“natural” oxide film before being immersed in the solution. Electrochemical experiments were carried
out in a conventional three-electrode electrochemical cell, with a platinum counter electrode and a
saturated calomel electrode (SCE), placed in Luggin capillary, as a reference electrode. All potentials
are referred to a SCE electrode. Investigated solutions were prepared from p.a. reagents. The basic
solution was 0.5 mol dm™ NaCl solution to which sinapinic acid was added in concentrations of
1x10'6, 1><10'5, 5><10'5, 1x10™* and 5%10™* mol dm'3, and gentisic acid in concentrations of 1><10'5,
5><10'5, 1><10'4, 5%10™* and 1x10 mol dm™. The chemical structures of the investigated compounds are
given in Fig. 1.

The pH values of all investigated solutions were adjusted to 6 using sodium hydroxide solution.
The experiments were performed in a quiescent solution in the temperature range from 20 °C to 50 °C,
and at the electrode rotation rates 150 rpm and 2000 rpm.

Potentiodynamic polarization measurements were performed with the scan rate of 0.2 mV s in
potential range of —200 mV to +150 mV from corrosion potential (Ec.), and in potential range +10
mV around E,, for polarization resistance measurements. Impedance measurements were performed
in quiescent solution at Ecor with the a.c. amplitude £10 mV in the frequency range from 50 kHz to
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30 mHz. Polarization and impedance measurements were carried out by a PAR EG&G
potentiostat/galvanostat (Model 273A) and a PAR EG&G lock-in amplifier (Model 5210).

COOH

HsCO X - C0oH OH

HO HO

OCH,

a) b)

Figure 1. Chemical structure of sinapinic acid a) and gentisic acid b).

3. RESULTS AND DISCUSSION

3.1. Polarization measurements

Typical potentiodynamic polarization curves for Al-0.8Mg alloy in a 0.5 mol dm™ NaCl
solution in the absence and presence of different concentrations of sinapinic and gentisic acid at 20 °C,
are shown in Figs. 2-3.

Changes observed in the polarization curves after addition of the inhibitors are usually used as
the criteria to classify inhibitors as cathodic, anodic or mixed [27]. In our case, the modifications
caused by addition of sinapinic and gentisic acid to the NaCl solution are a negative shift on the
corrosion potential and a leftward displacement in the cathodic branch of the curves. In the anodic
domain the i-E characteristics remained almost the same. Taking into account all polarization

characteristics it can be concluded that sinapinic and gentisic acid can be classified as cathodic-type
inhibitors.
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Figure 2. Potentiodynamic polarization curves for the Al-0.8Mg alloy in quiescent 0.5 mol dm™ NaCl
solution at 20°C without (e) and in the presence of sinapinic acid in the concentration of 1x10°° (),
1x107 (), 5%107 (¥), 1x10™ (A) and 5x10™ mol dm™ (m).
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Figure 3. Potentiodynamic polarization curves for the Al-0.8Mg alloy in quiescent 0.5 mol dm™ NaCl
solution at 20°C without (e) and in the presence of gentisic acid in the concentration of 1x107 (@),
5%107 (), 1x107*(¥), 510 (A ) and 1x10™ mol dm™ (m).
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Figure 4. Potentiodynamic polarization curves for the Al-2.5Mg alloy in 0.5 mol dm™ NaCl solution
in the presence of gentisic acid in the concentration of 1x10™ mol dm™, at 20 C and different electrode
rotation rates: ® = 0 rpm (m), ® = 150 rpm (A ) and ® = 2000 rpm (e).

The influence of electrode rotation rate on potentiodinamic polarization curves is shown in Fig. 4.

From the Fig. 4 it can be seen that increasing the electrode rotation rate leads to increase in
cathodic current density and to shifting the corrosion potential to positive values, which indicates the
weakening of the inhibitive action of gentisic acid. The similar results have been obtained in
measurements with sinapinic acid.

Table 1 shows the electrochemical polarization parameters for the investigated alloy in a NaCl
solution without and in the presence of different concentrations of investigated phenolic acids at
different electrode rotation rates. The parameters include the corrosion potential (Ecoy), the corrosion
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current density (icor), the percentage of inhibition efficiency (n), and surface coverage (®). The

percentage of inhibition efficiency and surface coverage was calculated using equations (1) and (2):

®=

n
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where iy and (icorr)i are corrosion current densities in the absence and presence of inhibitor.
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Table 1. Corrosion current density, corrosion potential, surface coverage and inhibition efficiency for
the Al-0.8Mg alloy in 0.5 mol dm™ NaCl solution with addition of different concentration of sinapinic
and gentisic acid

sinapinic acid

gentisic acid

¢ (inhibitor) o Ecorr icor 0] n Ecorr Lcorr 0] n
(moldm®) (pm) (V) (RA cm™) (%) V) (A cm?) (%)
0 0 -0.805 0.90 - - -0.805 0.90 - -
1x10° -0.804 0.57 0.3666 36.66 - - - -
1x107 -0.812 0.48 0.4667 46.67 -0.803 0.59 0.3444  34.44
5%107 -0.828 0.41 0.5444 54.44 -0.818 0.53 04111  41.11
1x10™ -0.840 0.35 0.6111 61.11 -0.821 0.47 0.4778  47.78
5%10™ -0.859 0.29 0.6778 67.78 -0.838 0.40 0.5556  55.56
1x107 - - - -0.855 0.35 0.6111  61.11
0 150  -0.793 1.32 - - -0.793
1x10° -0.783 0.96 0.2727 27.27 - - - -
1x10° -0.785 0.82 0.3788 37.88 -0.781 0.97 0.2651  26.51
5%107 -0.800 0.74 0.4394 43.94 -0.789 0.87 0.3409  34.09
1x10™ -0.821 0.66 0.5000 50.00 -0.802 0.80 0.3939  39.39
5%10™ -0.834 0.55 0.5833 58.33 -0.820 0.72 0.4545  45.45
1x107 - - - -0.840 0.62 0.5303  53.03
0 2000 -0.771 2.08 - - -0.771 2.08 - -
1x10° -0.774 1.76 0.1538 15.38 - - - -
1x10° -0.780 1.55 0.2548 25.48 -0.775 1.76 0.1538  15.38
5%107 -0.784 1.44 0.3077 30.77 -0.773 1.61 0.2259  22.59
1x10™ -0.795 1.35 0.3509 35.09 -0.780 1.52 0.2692  26.92
5%10™ -0.807 1.19 0.4279 42.79 -0.789 1.42 03173  31.73
1x107 - - - -0.803 1.28 0.3846  38.46

The data from Table 1 shows that the increasing the phenolic acids concentration markedly

decreases the corrosion current density and consequently increases the values of the surface coverage

and the percentage inhibition. The efficiency of the phenolic acids decreases with increase in electrode

rotation rate. Smaller values of corrosion current densities, obtained by the measurements with

sinapinic acid, and higher values of surface coverage and inhibition efficiency indicate that the

sinapinic acid is better corrosion inhibitor for Al-0.8Mg alloy than gentisic acid.

The similar polarization curves are obtained in measurements with Al-2.5Mg alloy 0.5

mol dm™ NaCl solution without and in the presence of different concentrations of sinapinic acid [22].
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If we compare these results with the results of potentiodynamic polarization measurements with
Al-2.5Mg alloy at the same experimental conditions, it can be seen that the values of corrosion current
densities for Al-0.8Mg alloy are lower then the values of corrosion current densities for the Al-2.5Mg
alloy. This can be explained by differences in composition of these two alloys. Al-2.5Mg alloy has
higher amount of alloying elements, which improves mechanical properties of this alloy but probably
is reducing its corrosion resistance. Added alloying elements can be present in aluminium alloy in the
form of precipitates, inclusions and intermetallic compounds in different shapes, sizes and composition
and represent an important factor of corrosion behaviour of aluminium alloys [28]. It is known that
increasing the Mg content in Al-Mg alloys, significantly increases the strength of the alloys without
substantial impact on formability [29,30]. However, increasing the magnesium content leads to
increasing the so-called B-phase (AlsMg,) content in the alloys, which usually precipitate at the grain
boundaries or on the alloy surface. Present intermetallic particles like Al;3Mg, and MgsAlg are anodic,
compared with the surrounded aluminium matrix, and represent the places where initial corrosion
attack takes place [31,32]. As Al-2.5Mg alloy has higher Mg content, compared to Al-0.8Mg alloy, it
can be expected that this alloy contains more intermetallic particles then Al-0.8Mg alloy, which could
explain the results of polarization measurements for this two alloys.

The effect of temperature on the corrosion of Al-0.8Mg alloy and its inhibition with phenolic
acids was studied in temperature range of 20 — 50 °C. The results of investigations have shown that
corrosion rate of Al-0.8Mg alloy in both free and inhibited NaCl solution increased as the temperature
was increased. The dependence of the corrosion current on temperature can be regarded as an
Arrhenius-type process, the rate of which is:

RT

where i is the corrosion current density, A is the Arrhenius preexponential constant and E, is the

i, = Aexp[— = j 3)

apparent activation energy.
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Figure 5. Activation energy determination for the Al-0.8Mg alloy in a 0.5 mol dm™ NaCl solution
without (e) and in the presence of sinapinic acid in the concentration of 5%10* mol dm™ (m), and
gentisic acid in concentration of 1x10” mol dm™ (A).



Int. J. Electrochem. Sci., Vol. 4, 2009 1574

Plotting log current density versus 1/T gives a straight line, as revealed by Fig. 5.
The values of activation energy determined from the slopes of these plots and calculated from
the equation (3) are:

E.i = 26.36 kJ mol™" in a noninhibited 0.5 mol dm™ NaCl solution,
E.» = 42.68 kJ mol™" with the addition of 5x10™* mol dm™ sinapinic acid
E.; = 39.90 kJ mol™ with the addition of 1x10~ mol dm™ gentisic acid.

Generally, if the inhibitive additive cause a rise in activation energy value when compared to the base
solution, that could be interpreted by physical adsorption [33,34]. Also physical adsorption is related to
lower values of the activation energy (30 — 50 kJ mol™) [33], which is agreeable to the presented
results.

Table 2. Polarization resistance, surface coverage and inhibition efficiency for the Al-0.8Mg alloy in a
0.5 mol dm™ NaCl solution without and with addition of different concentration of sinapinic and

gentisic acid at 20 °C and different electrode rotation rates

sinapinic acid

gentisic acid

¢ (inhibitor) O R, ) n R, C) n
(mol dm™)  (rpm)  (kQ cm?) (%) (kQ cm’) (%)
0 0 8.128 - - 8.128 - -
1x10° 12.052 0.3256 32.56 - - -
1x107 14.923 0.4553 45.53 11.892 0.3165 31.65
5%107 17.455 0.5343 53.43 13.133 0.3811 38.11
1x10™ 21.369 0.6196 61.96 15.255 0.4672 46.72
5x10™ 26.835 0.6971 69.71 17.924 0.5465 54.65
1x107 - - - 20.932 0.6117 61.17
0 150 6.997 - - 6.997 - -
1x10® 9.263 0.2446 24.46 - - -
1x107 10.630 0.3418 34.18 9.092 0.2304 23.04
5%107 12.254 0.4290 42.90 9.932 0.2955 29.55
1x10™ 14.868 0.5294 52.94 11.693 0.4016 40.16
5x10™ 18.744 0.6267 62.67 13.228 0.4710 47.10
1x107 - - - 15.465 0.5476 54.76
0 2000 4.439 - - 4.439 - -
1x10° 5.055 0.1219 12.19 - - -
1x107 5.594 0.2065 20.65 4.997 0.1117 11.17
5x107 6.236 0.2882 28.82 5.428 0.1822 18.22
1x10™ 7.222 0.3854 38.54 6.137 0.2767 27.67
5x10* 8.308 0.4657 46.57 6.655 0.3330 33.30
1x107 - - - 7.646 0.4194 41.94

The polarization resistance measurements were performed by applying a controlled potential
scan over a small range, 10 mV with respect to E..;. The resulting current is linearly plotted versus
potential and the slope of this plot at E.,, being the polarization resistance, R,.

The R, values were used to calculate the inhibiting efficiency 1, using the equation (4):
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R, -R,
n=| =" X100 )

pi

where R, and R; are the polarization resistances without and with the addition of inhibitor.

The values of the determined polarization resistance and the values of the inhibitor efficiency
calculated using Equation 4 are shown in Table 2.

It can be seen that R, values increased with increasing the inhibitors concentration, but
decreased with increase in electrode rotation rate end also with the increase of electrolyte temperature.
The values of inhibitor efficiency, calculated from R, values, are in good agreement with the values
calculated from corrosion current densities from potentiodynamic polarization measurements.

From the Table 2 it can be seen that the higher R;, values were obtained from the measurements
with sinapinic acid, compared with gentisic acid, which confirms the results of potentiodynamic
polarization measurements.

3.2. Impedance measurements (EIS)

In order to obtain a physical image of the systems observed and explain all processes at the
Al alloy / solution phase boundary, impedance measurements have been performed. The measurements
were carried out in a quiescent NaCl solution without and with the addition of different concentration
of sinapinic and gentisic acid at 20 °C. The examination results are shown in Figures 6 and 7 in the
Nyquist and Bode diagrams.

As can be seen two loops were observed in Nyquist diagram for Al-0.8Mg electrode in pure
NaCl solution: the capacitive loop at high frequencies and inductive time loop at low frequency values.
The high frequency capacitive loop could be assigned to the relaxation process in the natural oxide
film and its dielectric properties, while the inductive behavior is probably caused by relaxation
processes involving adsorbed species formed due to local dissolution at the oxide | electrolyte phase
boundary, which determines the Faraday processes of the system examined [35-39].

In the Bode plots three distinctive segments can be observed. At high frequencies (f > 10 kHz)
the data are dominated by electrolyte resistance. In the medium frequency region the slope of the log
|Z| vs. log f curve close to -1 and the phase angle approaching 80° determined the capacitive behaviour
of the system. At the lowest frequencies, the shape of diagram pointed out on inductive behaviour of
the system examined.

The obtained spectra show that the impedance changes rapidly with the inhibitor concentration
(sinapinic and gentisic acids). The changes are observed through abrupt growth of diameter and size of
capacitive semicircle and increases of overall system impedance, which indicating that the electrode
surface gets more protection. Furthermore, at sinapinic acid concentrations >1x10” mol dm™ and
gentisic acid concentrations >5x10” mol dm™ the inductive loop in the impedance diagram completely
disappears pointed out on physical blocking of the alloy surface (formation of a thicker protective film)
and prevention of local corrosion.
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Figure 6. The Nyquist (a) and Bode (b) plots of the Al-0.8Mg alloy in a 0.5 mol dm™ NaCl solution at
open circuit potential without (e) and in the presence of sinapinic acid in concentrations 1x10° (e),
1x107 (A), 5x107 (m), 1x10™* () and 5%10™ mol dm™ ().

The capacitive properties of system considered in the presence of the phenolic acids are

attributable to the dielectric properties of the surface (metal-oxide-inhibitor) adsorption layer.
The impedance spectra for the Nyquist plots were analyzed by fitting to the equivalent circuit models
shown in Fig. 8.

The equivalent circuit marked with a) was found to fit the experimental data obtained in the
NaCl solutions without, and with the addition of sinapinic acid in concentration 1x10° mol dm'3, and
gentisic acid in concentration 1x10” mol dm™. It consists of a CPE (substituting for capacity in the
equivalent circuit n = 1 and Q = C) in parallel to the series resistors R; and R, and an inductance L in
parallel to R,. R, corresponds to the electrolyte resistance and it was found to be of order 5 Q cm”.
The equivalent circuit marked b) is used for modeling the experimental results for measurements in
NaCl solution with higher concentration of sinapinic and gentisic acids. It consists of a parallel RQ
combination connected in series with the electrolyte resistance.
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Figure 7. The Nyquist (a) and Bode (b) plots of the Al-0.8Mg alloy in a 0.5 mol dm™ NaCl solution at
open circuit potential without (@) and in the presence of gentisic acid in concentrations 1x107 (o),
5%107 (A), 1x10™ (m), 5107 () and 1x10™ mol dm™ (¢).

Figure 8. Equivalent circuits for modelling impedance data of the Al-0.8Mg alloy.
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The use of CPE type impedance has been extensively described in the literature for this type of
study.
Its impedance, Zcpg, is described by expression:

1
Loy = /. \n (5)
Q(jo)

where the constant Q accounts for a combination of properties related to both the surface and the
electroactive species; jo is the complex variable for sinusoidal perturbation with ® = 2xnf. Exponent n
in Equation 5 for CPE impedance provides information about the degree of non-ideality in capacitive
behavior. Its value makes it possible to differentiate between the behavior of CPE (n < 1) and that of
an ideal capacitor (n=1).

The calculated equivalent circuits parameters for Al alloy in chloride solution containing
different concentrations of phenolic acids are presented in Table 3. The parameters Q, n, Ry, R, and L
were evaluated using simple least square fitting procedure, and shown in the Table 3.

Table 3. Impedance parameters for the Al-0.8Mg alloy in 0.5 mol dm™ NaCl solution in the absence
and in the presence of different concentrations of sinapinic acid and gentisic acid

c Qx10° n R, L R,
(mol dm™) (Q's" em?) (kQ cm?) (kH cm?) (kQ cm?)
sinapinic acid

0 18.58 0.90 7.36 1.21 2.49

1x10° 14.79 0.92 11.08 1.08 4.06
1x107 12.11 0.92 18.68
5%107 10.53 0.93 21.97
1x10™ 9.16 0.94 26.37
5%10™ 7.87 0.96 34.48
gentisic acid
1x107 15.21 0.92 10.46 1.16 3.87
5x107 13.18 0.91 16.46
1x10* 11.85 0.93 18.62
5x10* 10.52 0.93 22.88
1x10° 9.07 0.95 27.35

The results obtained indicate that the increase in phenolic acids concentration leads to the
increase the value of resistance R; (from 11.08 to 34.48 kQ cm? for sinapic acid and from 10.46 to
27.35 kQ cm” for gentisic acid) and the decrease of capacity of surface layer, Q. This direction of
change is attributed to the increase of protective properties of the adsorbed layer at the surface of the
electrode.
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Furthermore, according to the plate capacitor model, the oxide film capacity, C, is inversely
proportional to its thickness, d (according C = €,€/d; €&, is the permittivity of vacuum, € is the relative
permittivity of the film). Hence, the reduction of Q with the increase inhibitor concentration matches
the corresponding increase of the thickness of the surface layer, which additionally indicated on
increase of protective properties of the surface layer.

3.3. Adsorption behavior

The interactions between the investigated inhibitors and the Al-0.8Mg alloy surface can be
examined by the adsorption isotherms. The degree of surface coverage values for various
concentrations of the inhibitors in 0.5 mol dm™ NaCl solution have been evaluated from the
polarization measurements. Suitable adsorption isotherm was obtained, using these calculated values.

The linear relationships of In ® versus In c, depicted in Fig. 9, suggest that the adsorption of
sinapinic and gentisic acid on the Al-0.8Mg alloy surface obeyed the Freundlich adsorption isotherm.

0.2 —

In®

(M)
l

N
I

44 13 12 11 -0 -9 -8 7 -6

In ¢, mol dm™
Figure 9. Adsorption isotherm for the sinapinic (®) and gentisic acid (0).

According to this isotherm, the surface coverage ® is related to the equilibrium adsorption
constant K and the concentration ¢ via:

®=Kc" (6)
where 0 <n< 1, or

In® =InK + nlnc @)

o
ads

The equilibrium constant of adsorption is related to the free energy of adsorption AG

1 AG?
K= exp| - 22 8
555 0 [ RT J ®
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The value of 55.5 is the concentration of water in the solution in mol dm'3, R is the gas constant
and T is the absolute temperature. Table 4 lists the thermodynamic data obtained from the adsorption
isotherms.

Table 4. Adsorption equilibrium constant and standard free adsorption energy for the Al-0.8Mg alloy
in 0.5 mol dm™ NaCl solution in the presence of sinapinic and gentisic acid

K A(}st

(dm® mol ™) (kJ mol™")
sinapinic acid 1.49 -10.755
gentisic acid 1.44 -10.684

o
ads

The negative values of AG
Values of AG?

ads

indicate that the adsorption process proceeds spontaneously.

around -20 kJ mol ™ or lower are consistent with the electrostatic interactions between

organic molecules and charged metal surface (physisorption), while those around -40 kJ mol ™ or
higher involve charge sharing or transfer from the organic molecules to the metal surface
(chemisorption) [8,40]. The numerical values of free energies of adsorption indicate physical
adsorption of phenolic acids on the surface of the Al-0.8Mg alloy.

Physical adsorption developing is due to the electrostatic attraction between the inhibiting ions
or dipoles and the electrical charged surface of the metal [41]. As the forces in electrostatic adsorption
are weak, increasing in electrode rotation rate probably leads to smaller adsorption or even to
desorption of adsorbed inhibitors from electrode surface. This is the reason for lowering the values of
inhibition efficiency with increasing the electrode rotation rate.

This work presents results of corrosion inhibition of Al-0.8Mg alloys with two different
phenolic acids, sinapinic and gentisic acid. Both acids showed similar behavior, they act as cathodic
corrosion inhibitors, which physisorbed on the surface of investigated aluminium alloy, but there are
differences in the values of surface coverage and inhibition efficiency. The origin of this differences
lied on different chemical structure of these acids. Sinapinic acid belongs to the group of
hydroxycinnamic acids while gentisic acid is hydroxybenzoic acid derivate. Sinapinic acid has
chemical structure of an aromatic ring, two metoxy groups, one hydroxyl group and one carboxyl
group. Gentisic acid has chemical structure of an aromatic nucleus, two hydroxyl groups and one
carboxyl group. The literature indicates that organic compounds that contain hydroxyl or carboxyl
groups may form complexes with metallic cations [4,42-44]. Results of some investigations showed
that phenolic acids have ability to form complexes with different metal cations [45-47]. The presence
of metoxy groups has strong influence on chelating property of phenolic acids [47]. The inhibitory
action of investigated phenolic acids could be explained by the formation of complex molecules with
aluminium ions and then precipitation of these complexes on aluminium alloy surface in places where
oxide film was destroyed. Similar mechanism was proposed for corrosion inhibition of Al-2.5Mg alloy
by (+)-catechine [17]. As sinapinic acid has bigger molecular size compared to the gentisic acid,
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resulting complexes may cover higher electrode surface area, and this can be the one of the reason for
higher values of inhibition efficiency for sinapinic acid.

4. CONCLUSIONS

1. Studying the corrosion inhibition effect and adsorption properties of two phenolic acids,
sinapinic and gentisic acid on Al-0.8Mg alloy electrode in 0.5 mol dm™ NaCl solution it was found
that both acids act as cathodic inhibitors for investigated alloy.

2. The inhibiting efficiency of the applied inhibitors is highest in a quiescent solution and
at the lowest temperature examined and decreased with increasing electrode rotation rate and
increasing electrolyte temperature, which indicate a weak interaction between the inhibitors molecules
and the Al-0.8Mg alloy surface. The results of investigations have shown that sinapinic acid has better
inhibiting characteristics then gentisic acid.

3. Adsorption of investigated phenolic acids on alloy surface obeys Freundlich adsorption
isotherm. The calculated free energies of adsorption of sinapinic and gentisic acid on Al-0.8Mg alloy
reveal physical adsorption of phenolic acids on the electrode surface.

4. The inhibitory action of investigated phenolic acids could be explained by the formation
of complex molecules with aluminium ions and then precipitation of these complexes on aluminium
alloy surface in places where oxide film was destroyed.
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