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Abstract

The corrosion inhibition of 1018 carbon steel in 0.5 M H,S0. by using Actinidia deliciosa (Kiwifruit)
peel extract has been investigated by using potentiodynamic polarization curves and electro-
chemical impedance spectroscopy. Two kinds of extracts are investigated, one from the tender,
and another one from ripe Actinidia deliciosa. Concentrations include 0, 25, 50, 75, and 100 ppm at
room temperature. Results indicate that both kind of extracts acted as good corrosion inhibitors,
is more efficient in the ripe extract. Corrosion inhibition efficiency increases with increasing its
concentration for ripe extract, whereas for the tender Actinidia deliciosa, the higest inhibitor
efficiency is obtained by adding 25 ppm and decresaing with a further increase in its concen-
tration. Both extracts improve the passive film properties by decreasing the passive current
density values. It is found that the corrosion inhibition is due to the presence of heteroatoms
present in Actinidia deliciosa, mainly quercitine, which is physically adsorbed in the steel
following a Frumkin type of adsorption isotherm which forms a protective film.
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1. Introduction
The use of corrosion inhibitors is one of the most widely methods to fight corrosion [1]. However, the use of
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synthetic inhibitors has many disadvantages such as damage to the environment, toxic to humans and other
living expensive species among others [2]. This is the reazon why in the last years there has been an increasing
interest in naturally ocurring inhibitors and has motivated many researchers to focus on the need to develop
cheap, non-toxic and environmentally benign natural products such as leaves, fruits or seeds extracts, which can
be used as corrosion inhibitors. The reason of this is the presence of complex organic species such as tannins,
phenosl, alkaloids, carbohydrates and proteins as well as their acid hydrolysis products [3]-[10]. The use of these
natural products is more effective and highly environmentally benign compared to organic and inorganic inhibi-
tors used in chemical or any industrial applications.

Many fruits and vegetables contain high amounts of compounds that have beneficial effects for health,
including polyphenols, ascorbic acid, carotenoids and tocopherols. The intake of fruits and vegetables can
reduce the risk of chronic diseases such as cardiovascular disease and cancer [11]. Kiwifruit grows naturally in
various regions. It has been primarily cultivated in the tropics and subtropics in countries such as New Zealand,
Chile, France and Japan. Kiwifruit has been eaten stewed and in jams, jellies, and juices [12]. It contains vitamin
C, vitamin A, vitamin E, folic acid, and various phytochemicals. Also, Kiwifruit may reduce the amount of
carcinogens [13]. D’Evoli et al. [14] provided original data on the compositional profile and antioxidant
capacity of Kiwifruit grown in five orchards of the largest Italian production area (Lazio region). Data on
macronutrients (moisture, protein, lipid, carbohydrate), starch, total dietary fiber, oxalic acid, organic acids,
minerals, trace elements, and bioactive molecules including ascorbic acid, total polyphenols, carotenoids (lutein
and p-carotene), tocols (a-tocopherol, g-tocopherol, g-tocotrienol) content are reported. Kiwifruit is rich in
ascorbic acid. Lutein is the most abundant carotenoid followed by -carotene. Among tocols, -tocopherol is the
most abundant followed by g-tocotrienol. Antioxidant activity positively correlates with hydrophilic molecules
content mostly with ascorbic acid suggesting vitamin C as the major contributor to the total antioxidant activity
in Kiwifruit. Thus, the goal of this paper is to evaluate the possibility of using Actinidia deliciosa (Kiwifruit) as
a green corrosion inhibitor for carbon steel in acidic media such as sulfuric acid.

2. Experimental Procedure

Material used in this work was a commercial 1018 carbon steel rods containing 0.14% C, 0.90% Mn, 0.30% S,
0.030% P and as balance Fe, encapsulated in commercial resin with an exposed area of 1.0 cm? The aggressive
solution, 0.5 M H,SO, was prepared by dilution of analytical grade H,SO, with double distilled water. Tender or
ripe Actinidia deliciosa (Kiwifruit) were peeled off, soaked in a mixture of 50% acetone +50% hexane during 7
days obtaining by evaporating the solvent. The extract for the ripe Actinidia deliciosa was named Extract 1,
whereas that for the tender one was named Extract 2. The resulting extract was used as a stock solution and cha-
racyerized by FTIR technique. Employed electrochemical techniques included potentiodynamic polarization
curves and electrochemical impedance spectroscopy measurements, EIS. In all experiments, the carbon steel
electrode was allowed to reach a stable open circuit potential value, E.. Polarization curves were recorded at a
constant sweep rate of 1 mV/s at the interval from —1000 to +2000 mV respect to the E., value. Measurements
were obtained by using a conventional three electrodes glass cell with two graphite electrodes symmetrically
distributed and a saturated calomel electrode (SCE) as reference with a lugging capillary bridge. Corrosion cur-
rent density values, I, Were obtained by using Tafel extrapolation. Inhibition efficiency values () were de-
termined from the corrosion current densities calculated by the Tafel extrapolation method according to the fol-
lowing equation

n(%)= (M}doo 1)

corr

where 1/, and I are the corrosion current values with and without inhibitor, respectively. Electrochemical
impedance spectroscopy tests were carried out at E, by using a signal with amplitude of 10 mV in a frequency
interval of 100 mHz - 100 KHz. An ACM potentiostat controlled by a desk top computer was used for the pola-
rization curves, whereas for the EIS measurements, a model PC4 300 Gamry potentiostat was used. Selected

corroded samples were analyzed in a Scanning Electronic Microscope (SEM).

3. Results and Discussion

The effect of Extract 1 of Actinidia deliciosa concentration in the polarization curves for 1018 carbon steel in
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0.5 M H,S0O, is shown in Figure 1 where it can be seen that , for the uninhibited solution, polarization curve
displays an active-passive behaviour, with the anodic current density increasing as the applied potential
increases, up to a potential value where the current density decreases abruptly, reaching a passive current density
value, Iy, Which remains more or less constant, around 0.5 mA/cm?, up to a potential value, the pitting potential
or Epir, 1290 mV, where the current density values suddenly increases once again. When 25 ppm of Actinidia
deliciosa were added, the corrosion current density value, leo, Slightly decreases, down to a value of 0.13
mA/cm?, but the E.,r value practically was unafected, as shown in Table 1. The active-passive behaviour is kept
by the steel, and the I, value was slightly decreased and so did the Ep value. As the Actinidia deliciosa
concentration increased, the I, value decreased reaching its lowest value with the addition of 100 ppm.
However, tha anodic current density decreased drastically with the addition of either 75 or 100 ppm, although
the I, Value decreased also with increasing the Actinidia deliciosa concentration, reaching its lowest value with
the addition of 100 ppm. Inhibitor efficieny started in a value of 76% and it increased up to 95% when 100 ppm
of Actinidia deliciosa were added. Anodic and cathodic Tafel slopes remained more or less constant up to an
inhibitor concentration of 50 ppm, but both of them were drastucally increased with the addition of either 75 or
100 ppm, indicating that Actinidia deliciosa is acting as a mixed type of inhibitor, affecting both anodic and
cathodic reactions. Thus, it can be seen that one of the effects of Actinidia deliciosa is to omprove the passivaton
film properties formed on top of the steel by decreasing the passivation current density. This passive film is
formed by the adsorption of a complex formed by Fe?* ions and the inhibitor [15]-[17].
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Figure 1. Effect of Extrcat 1 concentration of Actinidia deliciosa on the polazrization curves for 1018 carbon steel in 0.5 M
H,SO,.

Table 1. Electrochemical parameters obtained from polarization curves for 1018 carbon steel in 0.5 M H,SO, with additions
of Extract 1.

Cinn (Ppm) leorr (Alcm?) Ecorr (MV) (%) Ca (mV/dc) Ce (mV/de) Epic (MV) loas (Alcm?)
0 0.54 —450 - 58 145 1290 0.5
25 0.15 —452 72 52 143 1275 0.3
50 0.13 —448 76 48 154 1280 0.4
75 0.02 -502 95 215 500 960 0.4
100 0.02 -504 95 260 500 1016 0.32
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Polarization curves for Extract 2 of Actinidia deliciosa at different concentrations is given in Figure 2, where
it can be seen that, regardless of the inhibitor conentration, curves display always an active-passive behaviour.

The I value decreased with the addition of 25 ppm of Actinidia deliciosa, butit increased with the addition
of either 50 or 75 ppm, and then it decreases down to its lowest value when 100 ppm were added. However,
generally speaking, these values were higher tan those obtained with the addition of Extract 1, indicating a
higher corrosion rates obtained with the addition of Extract 2. This is indicated by the inhibitor eefficiency
values for Extract 2 in Table 2, showing that its highest inhibitor efficiency value was 90% obtained with 100
ppm, whereas for Extract 1, the highest inhibitor efficiency was 95% , at the same inhibitor concentration. The
passive curent density value for extract 2 changed in the same fashion as the I, value did: it decreased with the
addition of 25 ppm of inhibitor, but it increased with the addition of either 50 or 75 ppm, and it decreased once
again when 100 ppm of inhibitor were added. Both anodic and cathodic Tafel slopes were affected by the
addition of Extract 2 of Actinidia deliciosa indicating that it is a mixed type of inhibitor. Figure 3 shows a plot
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Figure 2. Effect of Extrcat 2 concentration of Actinidia deliciosa on
the polazrization curves for 1018 carbon steel in 0.5 M H,SO,.
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Figure 3. Effect of Extrcats 1 and 2 concentration of Actinidia deli-
ciosa on the I, values for 1018 carbon steel in 0.5 M H,SO,.
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Table 2. Electrochemical parameters obtained from polarization curves for 1018 carbon steel in 0.5 M H,SO, with additions
of Extract 2.

Cinh (Ppm) leorr (Alom?) Ecorr (MV) (%) Ca (mV/dc) Ce (mV/de) Epit (MV) loas (Alcm?)
0 0.54 —450 - 58 145 1290 0.5
25 0.20 —442 63 42 150 1250 0.17
50 0.33 —436 38 38 168 1245 0.2
75 0.25 —456 53 66 145 1300 0.4
100 0.15 —448 90 54 125 1280 0.29

of the change in the I, with Actinidia deliciosa concentration for both extracts, where it can be seen that for
both extracts, the corrosion current density value decreases with increasing their concentration.However, for
Extract 2, the lowest I, value was obtained by adding 25 ppm, increasing with a further increase in the
inhibitor concentration up to 50 ppm, but after this concentration, the I, value decreased once again. The
corrosion current density values were higher for Extract 2 than those obtained with Extract 1. The corrosion in-
hibition occurs due to the larger coverage of metal surface by the inhibitor molecules which increases with in-
creasing its concentration. In order to be sure that the corrosion inhibition is due to the inhibitor adsorption on to
the steel surface, several adsorption isotherms were calculated (Temkin, Frumkin and Langmuir isotherm), but,
as shown in Figure 4, the best fitting was obtained with the Frumkin type of isotherm. Frumkin isotherm con-
siders lateral interaction among the adsorbed molecules. The Frumkin isotherm is given by:

oC
log—— =logK +gé& 2
91_9 g g 2)

where 0 is the metal surface covered by the inhibitor, given by the inhibitor efficiency divided by 100, C the in-
hibitor concentration and K is the equilibrium constant of adsorption process. The K value may be taken as a
measure of the strength of the adsorption forces between the inhibitor molecules and the metal surface [18]
Large values of K imply more efficient adsorption and hence better inhibition efficiency [19]. By using Figure 3,
the K value can be calculated, which is 19.9, and the Gibbs standard free energy of adsorption for the inhibitor
AG® was estimated by using the equation [20] [21]:

AG’ =-RTIn(k) ®)

Generally, values of AG® up to —20 kJ-mol™ are consistent with electrostatic interaction between charged
molecules and a charged metal (which indicates physical adsorption) while those more negative than —40
kJ-mol™* involves charge sharing or transfer from the inhibitor components to the metal surface to form a
coordinate type of bond (which indicates chemisorption) [22] [23]. In the present study, the value of AG® is 1.95
kJ-mol * indicates that the adsorption of Actinidia deliciosaon carbon steel surface involves physical adsorption.

The effect of Extract 1 of Actinidia deliciosa concentration in the Nyquist plots for 1018 carbon steel in 0.5 M
H,SQO, is shown in Figure 5, where it can be seen that data describe a single, deppressed, capacitive-like
semicircle at all frequency values, with their centers at the real axis and their diameters increasing with the
concentration, which indicates that the Surface covered by Actinidia deliciosa increases with increasing its
cocnentration. The presence of a single semicircle indicates that the corrosion process is under charge tranfer
control form the metal to the electrlyte and it does not change with the addition of Actinidia deliciosa. For
extract 2, in Figure 6, Nyquist diagram display capacitive-like, deppressed semicircles at all concentrations,
except at 25 ppm, where a small inductive loop can be observed at the lowest frequency values. This inductive
loop indicates that the corrosion process is under the adorption/desorption of some species such as the complex
formed by the Fe®* ions and the inhibitor [23] [24]. The highest semicircle diameter, and thus the lowest
corrosion rate, is obtained with 25 ppm of Actinidia deliciosa, just like the results shown in Figure 3, and it
decreases with increasing the inhibitor concentration. The change in the charge transfer resistance, R, or the
semicircle diameter, for both extracts is given in Figure 7, where it can be seen that for Extract 1, this value
increases with increasing the inhibitor concentration, unlike Extrcat 2, where the highest vallue is obtained with
the addition of 25 ppm of inhibitor, and then it decreases with s further increase in the inhibitor concentration.

Somemicrographs of corroded samples without and with 100 ppm of Extract 1 for Actinidia deliciosa is
shown in Figure 8. For specimens corroded in the uninhibited solution, Figure 8(a), surface shows a very porous,
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Figure 4. Frumkin adsorption isotherm for 1018 carbon steel in
0.5 M H,SO, with additions of Extract 1 of Actinidia deliciosa.
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Figure 5. Effect of Extrcat 1 concentration of Actinidia deliciosa
on the Nyquist diagramas for 1018 carbon steel in 0.5 M H,SO,.
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Figure 8. SEM micrographs of 1018 carbon steel corroded in 0.5 M H,SO, containing (2) 0 and (b) 100 ppm of
extract 1 of Actinidia deliciosa.

non-protective film, whereas for specimen tested in the inhibited solution, Figure 8(b), surface showed a more
compact, protective film, without porous.

In order to know which compound present in the Actinidia deliciosa and might be the responsable for its
inhibitory ability, some FTIR tests were performed, and the spectrum for the pure extract is shown in Figure 9
where it can be seen a peak present at 3474 cm ™! which probably correspond to phenols [25] [26], maily by the
quercitine, which has a chemical structure as shown in Figure 10, due to the presence of the OH™ group at 3417
cm ', and a peak at 1384 cm™ which suggests the presence of the methil group. A peak present at 2028 cm ™,
corresponds to a combination of substitued aromatic groups, which is confirmed by the peak at 622 cm™. The
peak present at 1628 cm™* suggests the presence of either the carbonil, C=0, group, or a C-O-C link, or C=C
links. It is believed that the formation of a complex formed with Fe* ions and OH™ groups present are the re-
sponsible to give the corrosion protection to the metal.

Once Extract 1 has been added to the acid, before carrying out the corrosién test, in Figure 11, once again the
OH ™ group can be seen at 3474 cm, whereas the combination of the peaks at 2028 cm* and 619 cm™,
correspond to a combination of substitued aromatic groups. The peak present at 1628 cm * suggests the presence
of either the carbonil, C=0, group, or a C-O-C link, or C=C links and a methil group at 1384 cm™*. Finally, for
extract 1 added to the acid and after the corrosidn test, Figure 12, the same pekas observed before the corrosion
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Figure 9. FTIR spectrum for pure Extract 1 of Actinidia deliciosa.
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Figure 10. Chemcial structure of quercitine.

tests are observed, but their intensity decreases, maybe due to their interaction with Fe* ions to form a complex,
a corrosion product film, which is the responsible for the corrosion inhibition. It is believed that the high inhibi-
tive performance of this extract suggests a strong bonding of the Actinidia deliciosa derivatives, such as quer-
citine, on the metal surface due to presence of lone pairs from heteroatom (oxygen) and p-orbitals, blocking the
active sites and therefore decreasing the corrosion rate. Therefore, bonding between inhibitor molecules onto
carbon steel surface occurs through sharing electrons of the OH group present in the compounds of the pure ex-
tract and vacant d-orbitals of iron.

4. Conclusion

A study of the use of tender and ripe Actinidia deliciosa extracts as corrosion inhibitor for 1018 carbon steel in
0.5 M H,SO, has been carried out. Results indicate that both kind of extracts acted as good corrosion inhibitors,
is more efficient in the ripe extract. Corrosion inhibition efficiency increases with increasing its concentration
for mature extract, whereas for the tender Actinidia deliciosa, the higest inhibitor efficiency is obtained by
adding 25 ppm, decresing with a further increase in its concentration. Both extracts improve the passive film
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Figure 12. FTIR spectrum for H,SO, + 100 ppm of Extract 1 of Actinidia deliciosa after the corrosion test.

properties by decreasing the passive current density values. It is found that the corrosion inhibition is due to the
presence of heteroatoms present in Actinidia deliciosa, mainly quercitine, which is physically adsorbed in the

steel following a Frumkin type of adsorption isotherm and forms a protective film.
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