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The study of the corrosion of pure iron in physiological 9g/L NaCl medium was studied by
electrochemical method under different hydrodynamic conditions. The hydrodynamic conditions were
simulated by using a rotating disc electrode. The corrosion inhibition using amino acid, methionine,
and some amino esters: methionine methyl ester and methionine ethyl ester, on the electrochemical
behaviour of iron. The results showed that the criterion of Levich is proved. The limit current is
function of the speed of rotation of the electrode of iron and process is a mixed type Kinetic. On the
electrochemical behaviour of iron is studied. The ethyl 2-amino-4-(methylthio) butanoate or
methionine ethyl ester (MetOC,Hs) is the best inhibitor of series and its effectiveness attains 80 % in
102M. The MetOC,Hs acts on the iron surface according to the Frumkin model.
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1. INTRODUCTION

Iron or steel and its alloys have a low density, an attractive appearance, relatively good
corrosion resistance and excellent thermal and electrical conductivity. The combination of these
properties makes it a preferred choice for many industrial applications such as automobiles, food
handling, containers, electronic devices, building, aviation [1-7], etc. Various attempts have been made
to study the corrosion of iron or steel and its alloys, and their inhibition by organic inhibitors in acid
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solutions and in physiological medium [8-14]. In physiological medium are used for pickling of iron
and for its chemical or electrochemical etching. It can be important to add a corrosion inhibitor to
decrease the speed of iron dissolution in such solutions. Thus, numerous studies concerning the
inhibition of iron corrosion using organic substances have been conducted in physiological solutions
[10, 11, 15-18]. Unfortunately, many common corrosion inhibitors are health hazards. To solve this
problem, some researchers investigated the inhibition effect of amino acids and amino esters on
corrosion of metals. These inhibitors are nontoxic, relatively cheap and easy to produce in purities
greater than 99% [19-23]. The focus of this study is to investigate the inhibition properties of some
amino acids and amino esters in physiological medium 9g/L of NaCl.

The adsorption of these molecules is influenced by their electronic structure, steric factors,
aromaticity, electron density at the donor atoms, and p-orbital character of donating electrons [24-26].
The adsorption process is also affected by the presence of hetero atoms, such as N, O, P, and S as well
as multiple bonds or aromatic rings in their molecular structure which are assumed to be active centres
of adsorption. The adsorption of inhibitors takes place through heteroatoms. Generally, the tendency to
form a stronger coordination bond and, as consequence, inhibition efficiency should increase in the
order O<N<S<P [27-31]. Nitrogen-containing heterocyclic compounds are considered to be effective
corrosion inhibitors. Several attempts have been made to predict corrosion inhibition efficiency with a
number of individual parameters obtained via various quantum chemical calculation methods as a tool
for studying corrosion inhibitors [2, 17, 32-36].

The effect of inhibitor concentration and temperature against inhibitor action was investigated.
It was found that these inhibitors act as good inhibitors for the corrosion of lead alloy in physiological
medium 9g/L. The behaviour of pure iron with and without inhibitor is studied using electrochemical
method under different hydrodynamic conditions. Increasing inhibitor concentration increases the
inhibition efficiency. It was found that adsorption of used amino acids on lead alloy surface follows
Frumkin isotherm.

2. EXPERIMENTAL

2.1. Synthesis of the amino ester compounds

In the studied, the amino acid is product for analysis. The Chemical structure compound is
presented below in Scheme 1.

The organic compounds amino esters tested as corrosion inhibitors were synthesized, purified
and characterized by infra-red, *H nuclear magnetic resonance (NMR) spectroscopic methods and
microanalysis before use. The synthesis method is as follows. at 0 °C in a flask fitted with a tube of
CacCl; is added, drop wise, the mixture of amino acid (0.1 mol) and 100 ml of methanol, 8.5 ml of
SOCl,.

The resulting mixture was stirred for 20 min at 0 °C, and then heated with stirring at room
temperature for 2 hours. The reaction mixture is refluxed for 2 hours after adding a touch of
hydroquinone. After cooling, the methanol is evaporated. The amino ester obtained is then washed
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with ether and then filtered. The last operation is repeated four times to evaporate all of SOCI,. The
chemical formulas of amino esters studied are represented as follows in Scheme 2.

Methionine (MetOH)

Scheme 1. Structure of amino acid inhibitor
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methyl 2-amino-4-(methylthio)butanoate
methionine methyl ester (MetOCHy3)
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ethyl 2-amino-4-(methylthio)butanoate
methionine ethyl ester (MetOC,Hs)

Scheme 2. Structure of amino ester inhibitors

2.2. Electrochemical measurements

The aggressive solution is physiological medium 9g/L was prepared with double-distilled
water. Prior to all measurements, the pure iron samples used at 99.5% « Ref. LS99376 JV, Fe 00040,
de Good Fellow, Angleterre ». the samples pure iron were polished with different emery paper up to
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1200 grade, washed thoroughly with double-distilled water, degreased with AR grade ethanol, acetone
and drying at room temperature.

Electrochemical measurements were carried out in a conventional three-electrode electrolysis
cylindrical Pyrex glass cell. The working electrode (WE) is rotating disk (EDT), in the form of disc cut
from pure iron has a geometric area of 0.31 cm?, and is embedded in polytetrafluoroethylene (PTFE).
A saturated calomel electrode (SCE) and a disc platinum electrode were used respectively as reference
and auxiliary electrodes, respectively.

The temperature was thermostatically controlled at 310 = 1 K. The WE was abraded with
silicon carbide paper (grade P1200), degreased with AR grade ethanol and acetone, and rinsed with
double-distilled water before use. The electrode potential was allowed to stabilize 60 min before
starting the measurements. All experiments were conducted at 310 £ 1 K. Measurements were
performed using Amel 449 Instrument Potentiostat. Tafel polarization curves were obtained by
changing the electrode potential automatically from -1200 to -250 mV/SCE at open circuit potential
with scan rate of 30 mV/mn™. The rotational speed of the electrode is fixed at 1000 rd / min.

Before recording the cathodic polarisation curves, the steel electrode is polarised at -800 mV
for 10 min. For anodic curves, the potential of the electrode is swept from its corrosion potential after
60 min at free corrosion potential, to more positive values.

3. RESULTS AND DISCUSSION

3.1. Polarization curves in NaCl medium 9g /I only.
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Figure 1. polarization curve of pure iron in 9g/L NaCl aerated at 310K.
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To understand the mechanism of action of amino acid and amino esters, it is essential to study
first the corrosion behaviour of iron in control medium in the absence of the inhibitor. The polarization
curves were performed with a rotating disk electrode. The tests are performed in NaCl solution 9 g/l
aerated at temperature 310K. The rotational speed of the electrode is fixed at 1000 rd/min.

The analysis showed the existence of a current platform, corresponding to the potential domain
of -900 to -700mV, attributed to the oxygen diffusion. It is also because the individual anodic curve
does not intersect the curve cathodic in the diffusion platform, but at the ascending part, the process is
governed by electrochemical kinetics mixed activation-diffusion.

Note also that the cathode part can be subdivided into three domains. The first domain is
characterized by an inflection point corresponding to a mixed kinetic (mass transfer + charge transfer).
The second domain is the platform oxygen diffusion corresponds to the reduction reaction [37-39].
Where the value of the diffusion current is [ = 758 pA.cm™.

2H,0+0,+4¢ - 40H (1)

The third domain; begins at -1000mV/SCE. We observe a continuous increase of cathodic
current. This phenomenon is related to the reduction of the solvent (H,O) that results in a release of
hydrogen, according to the reaction:

2H,0+2e >20H +H, (2)

In the domain anodic we are seeing an increase in the anodic current as a function of potential
corresponds to the Tafel curve. We are therefore in the case of a pure activation. We conclude that iron
is not passive in the potential range studied.

3.2. Effect of rotation speed on the polarization curves

Figure 2 shows the cathodic and anodic polarization curves at different rotation speeds. The
change of rotational speed does not seem to affect the curves. They always show a platform,
corresponding to the reaction of oxygen diffusion. However, the platform height increases with
rotational speed. At each platform corresponds a limit diffusion current I.

Levich's relationship is verified [40], the current density diffusion limit I_ as a function of the
square root of the rotation speed of the electrode is a straight line (Figure 3). We note also, that the
right does not pass through the origin because there must be a non-diffusion current superimposed on
the current i.e. | = K + Ip. This proves that the regime at the interface Fe / 9 %o NaCl is laminar
hydrodynamic. Moreover, the measured currents in the cathodic domain, are affected by a diffusion
and given by the following equation

= T + T With I, =0.62nF S X,D,2® v w?
C L

11 1
|
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| is the cathodic current measured in the kinetic mixed, I. is the corrected current and limit
diffusion current I with:

Xo is the oxygen concentration, Dy is the oxygen diffusion coefficient, and w is the rotation
speed
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Figure 2. Effect of rotation speed on the IE curves of pure iron in 9g/1 NaCl solution aerated at 310K.
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Figure 3. Variation in the limit diffusion current,according to the square root of rotation speed in 9g/L
NaCl.
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The expression of I, depends on the speed of the electrode of pure iron. The process is a kinetic
mixed. The current level is therefore characteristic of a diffusion phenomenon. More, the cathodic
reaction involved in this corrosion system is reduced dissolved oxygen according to the reaction (1).

The values of the corrosion current density l.r, Obtained by Tafel extrapolation believe
significantly with rotation speed. This increase is related to the decrease in the thickness of the
diffusion layer when the speed increases. Figure 2 shows the progress and results obtained are
summarized in Table 1.

Table 1. Electrochemical parameters of pure iron according to the rotation speed in 9g/L NaCl aerated

at 310K.

rotational speed | Ecorr lcorr be I

rd/min (mV/SCE) (nA/cm?) (mV/dec) (nA/cm?)
200 -580 23 60 135

400 -600 58 51 145

600 -580 65 61 200

1000 -520 80 61 235

2000 -530 98 61 320

3000 -540 113 58 366

Analysis of these results shows that the corrosion potential E., evaluated towards higher
values when the rotation speed increases. The values of the slopes show that it has no effect on the
cathodic process. Indeed, all curves have the same allure cathode. Figure 3 shows no effect attributed
to the rotation speed of the general shape of anodic curves. However, we note that there is a slight
change in anodic current density in the range of potential from about -600 to -350 mV/SCE.

3.3. Comparative study of the effect of amino acid and amino esters.

Figure 4 shows the anodic and cathodic curves of pure iron in 9g/L NaCl aerated at 310K in the
absence and presence of different inhibitors, at the concentration 10°M. The molecules studied are:
MetOH, MetOCHg;, and MetOC2H5. The results obtained from IE curves are grouped in Table 2.

Analysis of these results can be noted that the addition of the products does not change the
shape of the cathodic and anodic curves. The value of current density diffusion limit I, practically
unchanged. In the anodic domain, the addition of a product causes an increase in anodic currents. This
increase is particularly pronounced in the presence of MetOC,Hs and MetOCHs.

In the cathodic domain, we note that near the corrosion potential, cathodic currents decrease in
the presence of the compounds. This decrease is more pronounced in the case of MetOC,Hs. The
added compounds displace also the corrosion potential towards more cathodic values. Inhibitory
efficiency, determined from the corrosion current density, is defined by the following relation
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Icorr and leor represent the corrosion current densities in the medium, respectively with and
without inhibitor, in identical experimental conditions.
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Figure 4. Anodic and cathodic polarization curves of pure iron in 0.9% NaCl medium aerated at 310K
in the absence and presence of various compounds at 10M.

Table 2 shows a decrease in corrosion current with all the inhibitors tested. The decrease ranges
from MetOH (58pA/cm?) at MetOCyHs (16pA/cm 2). The order of inhibitory efficiency can be
established in the following order:

MetOC,H5 > MetOCH3; >MetOH

Table 2. Electrochemical parameters of iron in 9 g / L NaCl with and without inhibitors at 102 M at

310 K.
inhibitor concentration | Ecor (MV/SCE) | leorr (mA/cm?) | be (mV/dec) | I (nA/cm?) | E%
9g/L NaCl -540 80 61 235 -
10°M MetOH -640 58 32 300 28
10°M MetOCHs -638 48 34 320 40
10°M MetOC,Hs -660 16 45 350 80
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We note also, the MetOC,Hs is best inhibitors. The effectiveness reached 80% at 10°M.
Inhibitory efficiency is improved by the substitution of Hydrogen atom by the donor groups, the
methyl group (CHj3) or the ethyl group (C.Hs). It passes, respectively, from 28% to 40% and 80%.
Figure 5 shows the anodic and cathodic polarization curves of pure iron in 9g/L NaCl aerated in the
absence and presence of MetOC,Hs at different concentrations, ranging from 10°M to 10M.
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——NaCl Only
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E(mV/SCE)

Figure 5. Anodic and cathodic polarization curves of pure iron in 9g/L NaCl aerated in the absence
and presence of MetOC,Hs at different concentrations.

Examination of the polarization curves in the presence of the inhibitor, allowed us to make the
following findings. The cathodic curves are displaced more towards the low values of current densities
when the concentration of MetOC,Hs increases. We also noted a decrease in the cathodic current; this
decrease is more pronounced between the corrosion potential and level of oxygen diffusion. This level
becomes smaller where the concentration of MetOC;Hs increases and shifts to values more negative
potentials.

This indicates retardation in the reduction of oxygen. The inhibitory effect is maximal for the
concentration 10°2M; the level diffusion is practically nonexistent.

The electrochemical parameters associated with these measurements are summarized in Table
3. The results show that the increase in concentration is accompanied by a decrease in the corrosion
current density lcor and an increase in efficiency inhibitory. It is important to note that a major leap in
efficiency is observed when the inhibitory concentration MetOC,Hs goes from 5.10°M to 10°M. She
spends 40% to 80%.
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Table 3. Electrochemical Parameters in aerated 0.9% NaCl medium with and without addition of
different concentrations of MetOC2H5 at 310K.

MetOC,Hs Ecorr leorr b (mV/dec) | I (uA/cm?) | E%
(mV/SCE) (nA/cm?)

Blanc -540 80 61 235 -
10°M -520 80 71 250 0
10™*M -550 64 67 220 20
10™°M -560 54 47 225 33

5.10°M -640 48 50 305 40
10™“M -660 16 45 350 80

In the anodic domain, the curves follow the same shape. However, they are moved towards the
high values of current with the increasing concentration of MetOC,Hs from 5.10°M. This result
suggests that MetOC,Hs acts mainly as cathodic inhibitor

3.4. Effect of temperature

Temperature is one of factor that can affect the electrochemical behaviour of a metal in a
corrosive environment. The metal-inhibitor interactions can also be influenced by this factor. The
solutions studied were aerated, so having dissolved oxygen. An increase in temperature causes a
release of oxygen. The concentration of dissolved oxygen decreases with increasing of temperature.
And therefore the medium is devoid of oxygen to temperatures above 50 °C. On the other hand, the
increase in temperature causes an increase in the diffusion speed. In order to interpret these
phenomena, we conducted a study of the effect of temperature on the corrosion of pure iron in 9 g/L
NaCl aerated. For this, we chose a temperature range between 22 and 60 °C to trace the polarization
curves.

Figure 6 shows the polarization curves of pure iron in 9 g/L NaCl aerated at different
temperatures. The results shows that increasing the temperature does not affect generally these curves,
but causes an increase in cathodic and anodic currents even more pronounced in the anodic domain.

However, the figure 6 shows two distinct temperature domains. In the first interval [22-37 °C],
the curves keep the overall look of the control curve, including the level diffusion cathodic whose
height increases slightly. However, in the second interval [50-60 °C]; there is a marked reduction of
the level diffusion without increasing its height. Note also that the cathodic current densities increase
in the potential domain of -900 to -1200 mV / SCE, while they remain constant or decrease in the
domain of potential on the level diffusion. We concluded that the impoverishment of dissolved oxygen
in the solution after the temperature rise would be behind all these changes.

Table 5 shows the various parameters recorded, from anodic curves as a function of
temperature. bc values do not change from 22 to 37 °C. We can therefore conclude that the
electrochemical mechanism remains the same in the temperature domain. The corrosion current
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density increases considerably with temperature; it goes from 22 pA/cm? at 32° C to 37 pA/cm? at 80
°C. The corrosion potential does not significantly changes as a function of temperature.
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Figure 6. Polarization curves of pure iron in NaCl 9 %0 medium at different temperatures

Table 5. Influence of temperature on the electrochemical parameters of pure iron in 9 g/L NaCl

T (°C) Ecor (NV/SCE) | leorr (RA/crn?) be (MV/dec) L (wA)
22 -540 32 52 215

37 -540 80 61 235

50 -639 129 60 -

60 -618 42 40 -

The influence of temperature on the inhibitor MetOC,Hs was also studied under the same
conditions. The concentration chosen was 10”M in MetOC,Hs, appears in Figure 7. The corresponding
results are given in Table 6.

Table 6. Influence of temperature on the electrochemical parameters of pure iron in 0.9% NaCl aerated
in the absence and presence of 10M MetOC,Hs

22 -660 64 43 224 60
37 -660 16 45 350 80
50 -700 32 53 - -
60 -600 100 67 - -
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Figure 7. Polarization curves of pure iron in 0.9% NaCl, in the presence of 102 M MetOC,Hs at
various temperatures.

The comparative study of these curves and data in the table 6, allows us to identify several
findings. The values of corrosion current density decreases with increasing temperature to the
threshold temperature of 50 ° C. beyond this value there is an increase in current density Icor. NOte also
that the inhibitory efficacy increases with temperature from 60% to 22°C at 80% to 37 °C. We are also
seeing a reduction in the level of diffusion, when the temperature increases up to almost disappear at
60 °C. This is due to the decrease in the concentration of oxygen dissolved in the medium, following
the rise in temperature.

From the results obtained, we can note that the amino ester MetOC,Hs studied is a good
inhibitor for iron in pure in 9 g / L NaCl. In the cathodic domain, the product is working without
changing the mechanism of oxygen reduction. The comparative study of the corrosion inhibition
indicates that the action of MetOC,Hs is more pronounced.

Scheme 3. The adsorption of the MetOC,Hs inhibitor on the surface of pure iron
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This can be explained mainly by the presence of electron donating groups in the molecular
structure of MetOC2H5. The adsorption of the inhibitor on the surface of pure iron is facilitated by the
establishment of links such as "donor - acceptor." between the orbital ‘’d’” unsaturated of iron and free
doublets electrons of the atoms of sulfur and nitrogen, whose electro negativity is enhanced by the
ethyl group, an electron donor. The adsorption is presented in schema 3:Inhibitor adsorbs on the pure
iron surface according to the Frumkin kind isotherm model obeying to the relationship:

(%jexp (- f@)= iC.exp(_ AGade

55.5 RT

f is a function of adsorption energy and AGads is a standard free energy of adsorption

The S-shaped adsorption mode figure 8 indicates that the mechanism of inhibition involves the
formation of double layer at the metal-solution interface. The shape of isotherm seems to reflect two
modes of adsorption. At a very low concentration, the inhibitor adsorbate is either at the vertical mode
or the all active sites on the surface are not partially occupied further increase of inhibitor
concentration leads to the formation of multiplayer generally at horizontal mode.

100 -
80 -
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40—_ -/
20—- /
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log(C)

E%

Figure 8. Frumkin isotherm for MetOC,Hs in 0.9% NaCl

4. CONCLUSION

The results allow making the following conclusions:

1 - The corrosion of pure iron in the medium 9 g / L NaCl following a mixed kinetics.

2 - Inhibitors tested show that methionine ethyl ester is the best in the series.

3 - The presence of the sulfur atom enhances the adsorption MetOC,Hs adsorption isotherm
follows the Frumkin.
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