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Aqueous Agro-Industrial Waste as Corrosion Inhibitor for Stainless Steel AISI 304 in Acidic Media
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The use of corrosion inhibitors is one of the most common methods to combat acid corrosion. 
The current studies aim to apply natural products as corrosion inhibitors, once the most used compounds 
are mostly toxic to the environment and to humans. The present paper purposes the application 
of an aqueous extract of agro-industrial waste (AEAW) to inhibit the corrosion of stainless 
steel AISI 304 in sulfuric acid. Gravimetric and electrochemical experiments were performed. 
The gravimetric experiments revealed that the extract acts as an inhibitor for stainless steel, showing 
inhibitory efficiency up to 81.6%. The electrochemical tests show that the AEAW makes the steel 
surface more noble. The extract acts by adsorption in the metallic surface, following a Temkin 
isotherm. The results indicate that the AEAW is a promising substitute of conventional organic 
compounds as a corrosion inhibitor to AISI 304 stainless steel in sulfuric acid.
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1. Introduction

Acid solutions, as hydrochloric acid and sulfuric acid are 
industrially used as cleaning solutions in different operations, as 
pickling, drilling and decal processes1,2. However, these solutions 
provide favorable conditions to the occurrence of corrosion 
processes in metallic equipment and structures. To prevent 
electrochemical corrosion on these industrial systems corrosion 
inhibitors are used to isolate the metals from corrosive media3.

Corrosion inhibitors decrease the reaction between 
metal and the corrosive media, by one of these processes: (i) 
blocking of the surface by adsorption of ions/molecules; (ii) 
increasing or decreasing the apparent activation energy of the 
corrosion process; (iii) decreasing of the reagent diffusion 
rate on the metallic surface and (iv) increasing the electric 
resistance on the metallic surface4.

Organic compounds containing heteroatoms as O, N 
and S, π electrons, polar functional groups and heterocyclic 
compounds are efficient in reducing the corrosion rate due to 
their facility in adsorbing onto the metallic surface5. Many 
synthetic compounds present these properties, but they are 
been substituted by natural products due its high application 
cost and high environmental toxicity6.

Natural substances extracted from herbs, plants or spices with 
antioxidant properties are known as green corrosion inhibitors. 
These substances are extracted by simple procedures, with low 
cost and provide great inhibition efficiencies when added to 
the reactional media in the proper concentration7.

Plants, seeds, fruits and fruits peels extracts are known 
as good corrosion inhibitors since 19808,9. Authors have 
been studying the action of extracts from different natural 
sources as corrosion inhibitors: Ammi visnaga seeds were 
extracted by distillation and the extract presented 99.3% 
efficiency with 300 ppm addition to the electrolyte towards 
the acid corrosion of SX 316 steel10. Chamomile, lemon 
grass, black cumin and beans presented characteristic 
of mixed inhibitors on the corrosion of stainless steel in 
sulfuric acid 1 mol L-1 11.

Extract from olive leaves was obtained with boiling 
water for 3 h, and applied as corrosion inhibitor for 
carbon steel in 2 mol L-1 HCl. The extract presented 91% 
efficiency and acts as a mixed inhibitor6. Aqueous extracts 
of orange, mango, passion fruit and cashew peels adsorb 
onto the carbon steel surface in 1.0 mol L-1 HCl, acting as 
corrosion inhibitors5. Coffee ground extracts prepared by 
decoction and infusion were used as corrosion inhibitor 
of carbon steel in HCl and acted as mixed inhibitors with 
cathodic predominance12.

Radish seeds aqueous extract acts as corrosion inhibitor 
for mild steel in sulfuric acid 13. The garlic peels presents 
efficiency up to 98% to carbon steel in hydrochloric acid 14, 
whereas the aqueous salvia leaves extract presents inhibition 
efficiency up to 96% to stainless steel 304 in the same 
corrosive medium15. Aqueous extract of Camellia sinensis 
acts as inhibitor for carbon steel in 1 mol L-1 HCl reaching 
up to 89% inhibition efficiency16.
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The acid extract of barley agro-industrial waste was used 
as corrosion inhibitor for stainless steel and presented an 
efficiency of 97.0% in sulfuric acid17. Based on the above 
exposed the aim of this paper is to use the aqueous extract 
of agro-industrial waste (AEAW) as corrosion inhibitor of 
stainless steel 304 in 1.5 mol L-1 H2SO4.

2. Experimental

2.1 Preparation of the metallic substrates

The stainless steel AISI 304 used in this study have 
elementary composition (% w/w) of 0.41% Si, 18.49% 
Cr, 0.95% Mn, 72.43% Fe and 8.40% Ni. The samples 
were abraded with SiC sandpaper of #320, #400, #600 and 
#1200, washed with distilled water and dried with hot air18. 
The samples were used in the gravimetric tests and as working 
electrodes in electrochemical tests.

For the scanning electron microscopy (SEM) assays, 
the samples also were polished with diamond paste of 9, 
6, 3 and 1 μm.

2.2 Preparation of the aqueous extract (AEAW)

The barley agro-industrial waste was collected, dried 
and grounded. The AEAW was prepared by dissolution 
of different masses of the agro-industrial waste, in heated 
distilled water (90 ºC)5. After the dissolution, the non-
dissolved waste was filtered and the supernatant was used 
for the preparation of a 1.5 mol L-1 H2SO4 solution, used 
as corrosive media in gravimetric and electrochemical 
experiments.

2.3 Raman spectroscopy

The aqueous extract was characterized by Raman 
spectroscopy, in an Advantage 532® DeltaNu spectrometer, 
excited in 532 nm and with 8 cm-1 of resolution.

Gravimetric tests

Gravimetric experiments consisted on the immersion of 
stainless steel in 1.5 mol L-1 H2SO4 solutions, in presence 
and absence of different AEAW concentrations, for 2 h, at 
controlled temperature of 22±0.2 ºC in a TECNAL TE-2005 
thermostatic bath.

The samples area was registered before the immersion, 
with a calibrated pachymeter. The mass of the samples was 
registered before and after 2 h immersion, in an analytical 
balance with 0.1 mg precision. The corrosion rate (vcorr) was 
calculated according to the equation 119:

         
.v A t
m
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T=            (1)

Where Δm=mass difference before and after the experiment, 
in mg; t= time, in hours; and A= metallic sample area, in cm².

The inhibition efficiency (IE), was calculated according 
to equation 219:
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Where vcorr,0 is the corrosion rate in the absence of AEAW 
and vcorr is the corrosion rate in the presence of AEAW.

2.4 Temperature effect

The temperature effect was studied only by gravimetric 
tests with temperature variation in thermostatic bath, in 
the temperatures of: 32±0.2; 42±0.2 and 52±0.2 ºC for 2 
h of immersion.

2.5 Morphology of the metallic surface evaluation

SEM evaluated the metallic surface morphology. The 
images were obtained in a TESCAN VEGA3 electronic 
microscope, with the application of 20 keV.

Coupled with the microscope, an energy dispersive 
spectrometer (EDS) Oxford X-act analyzed the elementary 
composition of the metallic samples, before and after 
immersion in corrosive media. The spectra were also 
obtained with the application of 20 keV.

2.6 Electrochemical tests

The electrochemical experiments were performed in an 
AUTOLAB PGSTAT302N potentiostat, in a three-electrode 
cell. Samples of stainless steel AISI 304 were used as the 
working electrode. A platinum wire with large area was 
used as the counter electrode and a mercurous sulphate 
electrode (MSE) was used as reference electrode. The 
electrolyte consisted of H2SO4 solutions, obtained with 
distilled water without and with different concentrations 
of the AEAW.

The electrochemical tests performed were open circuit 
potential (OCP), electrochemical impedance spectroscopy 
(EIS) and potentiodynamic polarization (PP), as follows: 

OCP: the potential was monitored until stabilization, at 
approximately 2 h of immersion.

EIS: the measurements were realized at stable OCP 
with a potential perturbation of ±10 mV, with 10 points per 
decade, in a frequency range of 10 kHz to 0.01 Hz.

PP: the measurements consisted of potential perturbation 
of -1000 mV until +1800 mV from OCP, with a scanning 
rate of 1 mV s-1.

The tests were realized three times, and the average of 
the assays were considered in results.

3. Results and Discussion

3.1 Raman spectroscopy

Figure 1 shows the Raman spectroscopy of the aqueous 
extract. The spectra obtained features three principal bands. 
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The first, which appears at 237 cm-1 is attributed to C-H 
deformation; the second, at 543 cm-1, the band is related to 
CH2 balance and vibration; the third band, at 1086 cm-1 is due 
to C-C stretch and CH3 balance20. These bands can be related 
to organic compounds preserved in acidic media, whose can 
adsorb onto the metallic surface, providing the inhibition of 
corrosive processes.

3.2 Gravimetric experiments

Table 1 shows that the corrosion rate decreased with the 
addition of AEAW, indicating that the extract acts promoting 
a partial blocking of the metallic surface. The adsorption 
of the extract compounds retards the rate of the corrosion 
processes. The inhibition efficiency (IE) increase with the 
increase of the extract concentration, showing 26.2 to 81.6% 
for extract concentration range from 1 to 5 g L-1, suggesting 
a dependence of the inhibition process with the amount of 
inhibitory species in solution1,6,21.

3.3 Determination of the adsorption model

The decrease on the corrosion rate with the addition 
of extract indicates that the organic compounds of the 
aqueous extract adsorb onto the metallic surface. For 
organic molecules, the Bockris-Devanathan-Müller theory 
considers that a substitution reaction takes place on the 
adsorption process, where organic molecules present on 
solution (Org(ads)) substitute the water molecules adsorbed 
on the metallic surface (H2O(ads)):

      Org sol xH O ads Org ads xH O sol2 2"+ +Q Q Q QV V V V

Where x is the number of water molecules substituted by 
one organic molecule that adsorbs onto the metallic surface24,25.

Different forms of interaction of the organic molecules 
with the metal can be responsible for the adsorption process: 
(a) electrostatic interactions between the surface and the 
organic molecules; (b) interaction between available electron 
pairs on heteroatoms of the inhibitory molecules and the 
metal; (c) interaction between π electrons with the metal or 
even a combination of the forms presented in (a)-(c). The 
extract molecules adsorption mechanism can be explained 
by different isotherm models, presented on equations 3-825:

                :Langmuir c
K c1

i
= +                            (3)

               : log log logFreundlich K n c1
i = +                   (4)

       : . .log logTemkin a K a c2
2 303

2
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i

- - = +T Y                (7)

            : log logFrumkin c K a1 i
i
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Where c is the extract concentration; θ is the coverage 
degree of the metallic surface, obtained by θ=IE/100. K is 
the adsorption constant of the process. 1/n is the Freundlich 
exponent; a is the molecules’ lateral interaction factor; x 
is the number of water molecules substituted by a single 
inhibitor molecule and y is the number of inhibitor molecules 
adsorbed in a given active site. 

The isotherm models presented on equations 3-8 were 
applied for the AEAW, according to the inhibition efficiency 
data presented on Table 1. The data adjust is resumed on 
Table 2.

All isotherm models admitted determination coefficients 
(R2) higher than 0.9. On literature, correlation coefficients 
(R) between 0.60 and 0.99 are accepted to the models 
description12,14,24,25. The acid extract of agro-industrial waste 
followed the Langmuir model17. The Temkin isotherm model 
obtained the best determination coefficient for AEAW (R2=0.9909). 

Figure 1. Raman spectra of the AEAW.

Table 1. Corrosion rate and inhibitory efficiency to stainless steel 
AISI 304 in H2SO4 1.5 mol L-1 in presence and absence of AEAW.

[EAqRA] / g L-1 vcorr /mg cm-2 h-1 IE / %

0 0.9165 -

1 0.6762 26.2

2 0.4578 50.0

3 0.3554 61.2

4 0.2172 76.3

5 0.1685 81.6

The inhibitory effect of the extract can be attributed 
to different organic compounds present in the extract, 
including carboxylic acids, vitamins, phenolic compounds, 
macromolecules as proteins that have the capability of 
adsorption onto the metallic surface22,23. Synergistic effects 
of this mixture of chemical compounds could be expected, 
resulting in high inhibition efficiencies, as observed on Table 
1, where the maximum concentration promoted an inhibitory 
efficiency of 81.6%11.
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This model admit that the heat of adsorption of the molecules 
that cover the metallic surface linearly decrease in function 
of the coverage, due to interactions between the adsorbed 
molecules. Positive values of a indicate attractive forces, 
whereas a negative values indicate repulsion between the 
molecules. Data shown in Table 2 indicate that the extract 
acts by repulsive forces. The aqueous extracts of Phyllantus 
amarus and the radish seeds extracts also acted by Temkin 
isotherms13,25,26. The results indicate that the extraction method 
changes the extract chemical composition and, consequently, 
the adsorption mechanism17.

Freundlich and El-Awady models presented high R2 values 
(0.9710 and 0.9851, respectively), which suggests a deviation 
of the Temkin behavior27. The Freundlich model consider that 
the superficial energies are heterogeneous during the adsorption 
process. The 1/n value varies from zero to one. Exponents 
close to zero define a heterogeneous surface. The value 
observed to the AEAW was 0.71, suggesting a predominantly 
homogeneous surface28. El-Awady consider the number of 
inhibitor molecules adsorbed in a given active site. Y < 1 show 
that a single molecule involved in the adsorption process has 
been adsorbed on more than one active site. Values of 1/y < 
1 suggest multilayer adsorption. The AEAW presented 1.56 
for Y, which suggests a multilayer adsorption25.

Isotherm adsorption study suggests that various AEAW 
organic molecules adsorb onto the metallic surface, on a 
homogeneous form, and that repulsive force takes place 
between these molecules in a multilayer adsorption.

3.4 Temperature effect

Table 3 shows that the corrosion rate increases both in 
the absence (vcorr,0) and in the presence of 5 g L-1 of AEAW 
(vcorr,5) as the temperature increases, with greater increase 
in the presence of the extract. Consequently, the inhibition 
efficiency decreased with the temperature, going from 81.6% 
to 57.6%. These results can be attributed to the physical 
adsorption of the extract components, that form a barrier 
between the metal and the corrosive media, inhibiting the 
stainless steel dissolution29,30.

The apparent activation energy of the corrosion process 
can be calculated from the gravimetric experiments with 
temperature variation, by ln vcorr vs. 1/T plot, according to 
Arrhenius equation 914:

               ln lnv A RT
E

corr
a= -                          (9)

Arrhenius plot obtained from the experimental data is 
presented in Figure 2.

The plot leads to an Ea value of 41.00 kJ mol-1 for the 
blank and 62.01 kJ mol-1 for the inhibited solution. Similar 
results were found to the acid extract of agro-industrial 
waste and the increase of the apparent activation energy 
suggests that the extract components adsorption is physical, 
by nature12,17.

Table 2. Adsorption parameters obtained with the AEAW on the 
corrosion inhibition of stainless steel in H2SO4 1.5 mol L-1.

Isotherm R2 y = a + bx

Langmuir 0.9491 y = 3.05 + 0.586 x

Freundlich 0.9716 y = -0.555 + 0.710 x

Temkin 0.9909 y = 0.257 + 0.801 x

Flory-Huggins 0.9110 y = -0.527 + 0.337 x

El-Awady 0.9851 y = -0.470 + 1.56 x

Frumkin 0.9098 y = -0.668 + 0.747 x

Table 3. Temperature effect on the corrosion rate and on the inhibition 
efficiency of AEAW on the stainless steel surface in H2SO4.

T/ ºC vcorr,0 / mg cm-2 h-1 vcorr,5 / mg cm-2 h-1 IE / %

22 0.9166 0.1685 81.6

32 1.535 0.5597 63.5

42 2.338 0.9145 60.9

52 4.442 1.883 57.6

Figure 2. Arrhenius plot for AISI 304 stainless steel in H2SO4, in 
presence and absence of AEAW. 

3.5 Metallic surface morphology analysis
SEM images are presented in Figure 3. Before immersion 

(Figure 3A), the surface presents only slots resulting from 
the preparation process. After immersion in H2SO4 for 2 
h, Figure 3B, the sample presents heterogeneities, with 
evidence of development of polyhedral grains, characteristic 
of austenitic metals and corrosive process caused by acidic 
media31.
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Figure 3C shows the surface of stainless steel after 
immersion in H2SO4 containing AEAW. The surface is less 
rough, with evidences of possibly organic material deposition, 
suggesting the adsorption of the extracts compounds onto 
the metallic surface, confirming the gravimetric results. 
The EDS results are shown on Table 4.

It is noted from data shown in Table 4 that the principal 
constituent of the metal are more available on the sample 
immersed in H2SO4, due to the oxides formation, evidencing 
the severe corrosive process, which was subjected. According 
to the addition of AEAW, the availability of these elements 
decrease, showing the inhibition of the process. Besides, 
the increase of the availability of carbon on the metallic 
surface indicates the adsorption of organic compounds, that 
corroborates with the other experimental data32.

3.6 Electrochemical experiments

The OCP results are presented in Figure 4. In H2SO4 
solution, the stainless steel potential shows a displacement to 
more negative values in the first seconds with a subsequent 
increase of the potential until its stabilization. This indicates 
that the steel surface is more active in the first seconds of 
immersion and that the immersion changes the superficial 
oxides characteristics, making it more protective32.

The same behavior is observed for the samples where 
AEAW was added. In all cases, it is observed that the 
OCP was significantly displaced to more positive values, 
indicating that the extract makes the oxide more protective, 
involving interaction of the organic molecules from the 
extract with the oxide17.

Figure 3. SEM images for AISI 304 stainless steel. (A) without immersion; (B) after immersion in 1.5 mol L-1 H2SO4 for 2 h; (C) after immersion 
in 1.5 mol L-1 H2SO4 in presence of 5 g L-1 AEAW for 2 h. 1500x increase.

Table 4. Elementary composition of AISI 304 stainless steel samples after immersion in H2SO4, in presence and absence of AEAW, 
obtained by EDS.

Element % / w/w

Without immersion 1.5 mol L-1 H2SO4 5 g L-1 AEAW

C 1.98 3.33 6.25

Si 0.353 0.365 0.36

Cr 15.5 16.0 15.4

Mn 1.01 1.03 0.895

Fe 56.8 58.1 55.9

Ni 6.21 6.36 6.17

Figure 4. OCP plots for AISI 304 stainless steel in H2SO4, 
in presence and absence of AEAW.
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From Tafel extrapolation, performed on the linear region of 
the curves, the other electrochemical parameters were obtained 
and are shown in Table 5.

Comparisons of Ecorr and OCP values are useful to the 
classification of the inhibitor, even though the distinct nature 
of the experiments. Literature presents that differences of 
potential higher than 85 mV can classify the inhibitors as 
cathodic or anodic one15,24,29. Results presented in Figure 
4 and in Table 5 indicate that the OCP values had a great 
displacement for more positive values, until +587 mV for 5 
g L-1 of AEAW, suggesting that in open circuit conditions the 
extract acts preferably on the anodic dissolution reaction. 
In the Ecorr case, the displacement is of 13 mV for 5 g L-1 
of extract, suggesting that the extract acts as a mixed type 
inhibitor for stainless steel. The decrease of the potential 
displacement on the polarized electrode suggests that the extract 
adsorption on the metallic surface may have been affected with 
the application of cathodic overpotentials3,25. It is important 
to note that the polarization curves were performed from 
-1000 mV to +1800 mV vs. MSE. Anodic Tafel coefficient 
(βa) decreased with the increase of the AEAW concentration, 
according to the results presented on Table 5 which 
suggests that in higher extract concentration a modification 
of the anodic dissolution process could be considered28. 

Figure 5. (A) Polarization curves for stainless steel in H2SO4 solution, in presence and absence of AEAW, 1 mV s-1 scanning rate; 
(B) Zoom of the active region.

The polarization potentiodynamic results are presented 
in Figure 5. The polarization curves show that the cathodic 
reactions occur in potentials between -1500 mV/MSE until 
-800 mV/MSE. On this interval, H2(g) is formed32. From 
approximately -800 mV/MSE, the metallic oxidation takes 
part, representing the anodic interval of the curve.

Region between -800 mV/MSE and -500 mV/MSE 
corresponds to the first anodic peak, concerning to the 
formation of chromium, nickel and iron oxides. Interval 
between -500 mV/MSE and -250 mV/MSE corresponds to 
the second anodic peak, regarding the reactions of superficial 
oxides of higher valence. Between -250 mV/MSE and 500 
mV/MSE is the passive region, where there is no change on 
the j, due to the occurrence of reactions of increase of the 
thickness of the oxides film formed on the active regions. 
From 500 mV/MSE the steel dissolution starts, where the 
passive film reacts forming soluble species. After 1250 mV/
MSE the reactions with chromium oxides start, in a region 
known as transpassivation region32,33.

With the addition of AEAW, there was a reduction 
of the current density on the cathodic region, indicating 
that the extract acts as a cathodic inhibitor. There was a 
displacement of potentials to more positive values, property 
of a more protected surface due to the addition of AEAW. 

Table 5. Electrochemical parameters obtained from polarization curves to stainless steel AISI 304 in H2SO4 in presence and absence of AEAW.

Electrochemical parameters [AEAW]
0 g L-1 1 g L-1 2 g L-1 3 g L-1 4 g L-1 5 g L-1

OCP /mV -830 -272 -280 -331 -373 -243
βa /mV dec-1 65 63 70 59 38 26
-βc / mV dec-1 123 145 148 148 141 139
Ecorr,calc /mV -787 -814 -810 -787 -814 -818
Ecorr, obs / mV -807 -820 -800 -799 -812 -820
jcorr/ µA cm-2 229 50.4 55.5 27.1 36.8 33.1
Corrosion rate /mm year-1 2.52 0.557 0.612 0.214 0.406 0.261
Rp /kΩ 85.4 402.1 393.6 1000 374.5 428.5
IE / % - 77.9 75.7 88.1 83.9 85.5
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The cathodic Tafel coefficient (βc) presented a slight decrease 
with the extract addition, and this coefficient remains almost 
constant with the increase of the extract concentration, 
indicating that the extract does not act on the H2(g) reaction34.

There was a decrease of both jcorr and corrosion rate, 
indicating that the AEAW acts as inhibitor in the studied 
conditions (at open circuit potential and at overpotential). 
The increase of the polarization resistance (Rp) also indicates 
a higher resistance to the oxidation process. These results 
suggest that the extract acts as an inhibitor. The inhibition 
efficiency calculated using jcorr varied from 77.9 to 85.5% 
for extract concentration from 1 to 5 g L-1. The adsorption 
of the extract organic molecules onto the metallic surface 
depends on the applied potential and this behavior could 
explain the different IE values presented in Tables 1 and 5. 
On the polarized electrode, the IE reaches its maximum in 3 
g L-1. This is due to the potentiodynamic technique applied. 
On table 1, the results obtained uses a potentistatic method.

The EIS results are presented in Figure 6 and Figure 7. 
It is observed the presence of two capacitive loops for stainless 
steel in H2SO4. The first loop, in higher frequencies is 
attributed to the charge transfer and double layer capacitance, 
whereas the second loop is attributed to the relaxation 
of adsorbed intermediates onto the metallic surface17. 
With the addition of AEAW there is an increase of the 
capacitive loop diameter and the second loop is substituted 
by an inductive loop as the increase of extract concentration. 
The inductive loop presence in higher concentrations agrees 
with the polarization results, where the anodic Tafel coefficients 
present more significant changes in higher concentrations.

The double layer capacitance values (Cdl) can be obtained 
by Nyquist plot, according to equation 10:

     C R f2
1

max
dl

ct r=                           (10)

Where fmax is the frequency where imaginary impedance 
reaches its maximum on Nyquist plot and Rct is the charge 
transfer resistance, obtained by the diameter of the first 
capacitive loop. The electrochemical parameters obtained 
by Nyquist plots are shown in Table 6.

Data shown in Table 6 indicate that there is an 
increase of Rct with the extract concentration with a 
slight decrease of the fmax value and, consequently, lower 
values of Cdl are observed in the presence of the extract. 

This indicates that the AEAW adsorbs onto the metallic surface, 
reducing the available area to the occurrence of corrosion 
reactions and changing the anodic reaction mechanim17. 
The IE values calculated using Rct values showed an increase 
of IE with the extract concentration varying from 44.4 
to 71.1% for the extract concentration from 1 to 5 g L-1. 
These values are in accordance with those one presented in 
Table 1, corroborating the adsorption dependence on the 
applied potential. Both gravimetric essays and electrochemical 
impedance were obtained at open circuit potential.

Figure 6. Nyquist diagrams for AISI 304 stainless steel in H2SO4 
in presence and absence of AEAW.

Figure 7. Bode phase angle plots for AISI 304 stainless steel in 
H2SO4 in presence and absence of AEAW.

[AEAW] / g L-1 Rct / Ω cm2 fmax / Hz Cdl / µF cm-2 IE (%)

0 165 3.98 242 -

1 297 2.51 229 44.4

2 332 2.51 191 50.3

3 384 1.99 208 57.0

4 364 1.99 220 54.7

5 571 1.58 176 71.1

Table 6. Electrochemical parameters for AISI 304 stainless steel in H2SO4 obtained by EIS.
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Figure 7 shows that the stainless steel sample immersed 
in H2SO4 presented a single time constant in the 10000-1 
Hz region associated with the charge transfer process. 
This behavior remains the same with the addition of the 
AEAW. Higher phase angles were obtained for the samples 
containing the AEAW, suggesting that the film formed in 
these conditions is more protective.

4. Conclusions

The extract acted as an inhibitor of the AISI 304 stainless 
steel corrosion in 1.5 mol L-1 H2SO4, by adsorption process, 
as the gravimetric and electrochemical results indicated.

The adsorption process obeyed a Temkin isotherm model, 
with repulsive forces between the extract molecules on the 
adsorption process.

The AEAW acted increasing the apparent activation 
energy of the corrosion reactions, in a physical adsorption 
mechanism. The extract showed to be a mixed type inhibitor 
at polarization conditions with great inhibition efficiency.
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