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Due to its high oil content, this research proposes the use of an agroindustrial byproduct (rice bran) as a sustainable option for the
synthesis of corrosion inhibitors. From the crude rice bran oil, the synthesis of fatty amide-type corrosion inhibitors was carried out.
The corrosion inhibitory capacity of the fatty amides was evaluated on an API X-70 steel using electrochemical techniques such as
real-time corrosion monitoring and potentiodynamic polarization curves. As a corrosive medium, a CO

2-saturated solution (3.5%
NaCl) was used at three temperatures (30, 50, and 70∘C) and different concentrations of inhibitor (0, 5, 10, 25, 50, and 100 ppm).The
results demonstrate that the sustainable use of agroindustrial byproducts is a good alternative to the synthesis of environmentally
friendly inhibitors with high corrosion inhibition efficiencies.

1. Introduction

Corrosion is the degradation process of a material due to
its exposure to the environment, and is one of the major
problems affecting its performance, safety, and integrity.
Despite the continuous advances in the field of materials
with corrosion resistance, the use of corrosion inhibitors is
one of the most practical and economical ways to control it
[1, 2]. An inhibitor is defined as any chemical which, when
added in small concentrations to an aggressive environment,
significantly reduces the corrosion rate of the material in
contact with the corrosive environment. A wide variety of
organic and inorganic compounds have been used to control
corrosion. It has been demonstrated that many organic
molecules can act as corrosion inhibitors because of their
affinity with the metal surfaces, replacing the adsorbed water
molecules and thereby forming amolecular film that prevents

the metal dissolution. In the particular case of environ-
ments where the presence of hydrocarbons predominates, the
inhibitors based on amide- or imidazolines-type compounds
are widely used [3–9]. The excellent performance of this type
of corrosion inhibitors is associated with the fact that its
molecules are constituted by two essential parts: an electron-
rich polar part capable of adhering onto a metal surface
through coordination bonds and a hydrophobic part which
can effectively prevent the diffusion of contaminants present
in the aggressive environment [2, 5, 9–12]. In addition to
the above, it has also been reported that the presence of
unsaturation or other functional groups of the alkyl chains
also influences their inhibition efficacy [7, 9, 13]. These
characteristics are provided by the nature of the vegetable oil
used for the synthesis of this type of inhibitors.

From the point of view of sustainable development, it
is imperative to search for new alternative nonconventional
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sources of vegetable oils. These new sources of vegetable oils
can be used for applications as diverse as biofuels synthesis,
biopolymers, corrosion inhibitors, and so forth [6, 9, 14, 15].
In this sense, rice bran is a byproduct of the rice grain milling
process. In general, the overall yield of the ricemilling process
is about 60% white rice, 10% broken grains, 10% bran, and
20% husks [16]. The rice bran is the main oil source of
the rice grain, in addition to a good content of proteins,
tocopherols, and bioactive compounds. Its oil content varies
from 10 to 23%, and its fatty acids are 47%monounsaturated,
33% polyunsaturated, and 20% saturated, in addition to a
significant fraction of unsaponifiable components (4.3%) [17,
18]. However, only 10% of the world’s rice bran production is
used for oil extraction, and the remainder is used as a low-
cost feed for cattle and poultry. The high oil content of the
rice bran combined with the presence of the lipase enzyme
causes that this byproduct has a short shelf life due to the
degradation of its oil [16–18].

Therefore, the aim of this work is to explore the use of a
sustainable source for the synthesis of corrosion inhibitors,
where the source of vegetable oil is environmentally friendly
by not affecting the food chain, does not replace crops,
and does not use new crop fields for their production. The
amide-type inhibitors synthesized were evaluated by two
types of experimental measurements: real-time corrosion
monitoring and potentiodynamic polarization curves. The
corrosivemediumusedwas aCO2-saturated sodiumchloride
solution at different temperatures.

2. Experimental Procedure

2.1. Synthesis of Fatty Amides from Crude Rice Bran Oil.
The rice bran was obtained from a local mill (Puente de
Ixtla, Morelos, Mexico). Rice bran was collected a few hours
after its production. Crude rice bran oil (CRBO) content
was determined by the Soxhlet method, where the solvent
used was hexane. The extraction of the CRBO used for the
synthesis process was carried out in a stirred batch system at
room temperature, using a rice bran to solvent ratio of 1 : 10.
Chemical and physicochemical characterization of theCRBO
was made.

The method used for the synthesis of the fatty amides is a
modification to the procedure suggested by Kumar et al. [19].
In general, the procedure consists of introducing one mole of
crude oil with 3 moles of aminoethylethanolamine (AEEA)
into the reactor (1 : 3 CRBO-AEEA ratio). The mixture is
heated to 140∘C with stirring at atmospheric pressure. Once
the temperature is reached, the course of the reaction is
monitored by thin-film chromatography (TLC), until the
triglycerides disappear completely.

2.2. Electrochemical Evaluation of Fatty Amides as Corrosion
Inhibitors. The evaluation of the electrochemical perfor-
mance of the synthesized compounds was performed on
an API X-70 steel, commonly used in the manufacture
of pipelines for the transportation of hydrocarbons. The
performance of the inhibitors was evaluated by two types
of electrochemical techniques, namely, real-time corrosion
measurements and potentiodynamic polarization curves.

Real-time corrosion measurements were performed
using an identical three-electrode probe. Steel samples with
dimensions of 0.3 ∗ 1.0 ∗ 1.0 cm were cut, and a conductive
wire was spot-welded on one of its narrow sides. For the
electrochemical tests, three steel samples were encapsulated
in acrylic resin with a separation between them of 1mm.
Each encapsulation was abraded with silicon carbide abrasive
paper from 120 to 600 grids; then the encapsulations were
washed with alcohol and distilled water, dried, and imme-
diately employed in the electrochemical tests. A solution
of NaCl (3.5% by weight) saturated with CO2 was used
as the corrosive medium. The solution was saturated with
CO2 two hours prior to the tests and the CO2 bubbling
was maintained during the corrosion tests. Corrosion tests
were for 24 hours, at a test temperature of 30, 50, and
70∘C, with light stirring. Encapsulations were kept inside
the electrolyte for one hour before any inhibitor was added.
The concentrations of inhibitor evaluated were 0, 5, 10, 25,
50, and 100 ppm. For each electrochemical test, a volume
of 400mL of electrolyte was used. The multitechnique elec-
trochemical monitoring equipment (SmartCET) is based
on a combination of electrochemical techniques such as
electrochemical noise (EN), linear polarization resistance
(LPR), and harmonic distortion analysis (HDA), and as a
result of this interrelationship, both the corrosion rate and
the pitting corrosion behavior of the material under study
are obtained. The measurement cycle is carried out for a
period of 430 seconds as follows: measurements of EN in
current and potential, second to second for 300 seconds,
LPR/HDA measurements for 100 seconds, and electrolyte
resistance measurement for 30 seconds. The details of this
real-timemonitoring technique are described in the scientific
literature [20, 21].

For potentiodynamic polarization curves, a typical three-
electrode arrangement was used where the reference elec-
trode was a Pt wire and as counterelectrode a high-purity
graphite rod was used. From this type of tests, it is possible to
determine the electrochemical parameters such as corrosion
potential and corrosion rate, in addition to the anodic and
cathodic slopes from the extrapolation of the Tafel slopes
of the obtained curves. In this case, steel samples with a
reaction area of 1 cm2 were encapsulated in acrylic resin.
Encapsulations were abraded with silicon carbide abrasive
paper from 120 to 600 grids; after that, they were washed
with alcohol and distilled water, dried, and immediately
employed in the electrochemical test. Corrosive conditions
were the same as those of real-time corrosion measurements.
In order to ensure that the inhibitor achieved the maximum
surface coverage of the working electrode, before starting the
assay, samples were allowed to stabilize for 24 hours into
electrolyte prior to performing the assay. Potentiodynamic
polarization tests were performed from −400mV to 600mV
with respect to open circuit potential (𝐸corr) at a sweep rate
of 1mV/s. Electrochemical parameters were calculated using
the extrapolation Tafel method considering an extrapolation
potential of ±250mV around the value of the corrosion
potential. Potentiodynamic polarization curves were carried
out using an ACM Instruments zero-resistance ammeter
(ZRA) coupled to a personal computer.
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Figure 1: FT-IR spectra of the synthesis of the fatty amides from CRBO and AEEA: (a) initial mixture (𝑡 = 0 minutes reaction) and (b) final
mixture (80 minutes reaction).

3. Results and Discussion

3.1. Synthesis of Fatty Amides. Rice bran analysis indicated a
crude oil content of 21% (dry basis), which is in agreement
with data reported in the literature [16–18]. Its molecular
weight calculated from its saponification index was 923.36,
and its chemical characterization showed an oleic acid con-
tent of 48.48%, 35.26% of linoleic acid, and 14.54% of palmitic
acid, similar values to those reported in the literature for
this type of oil [16, 17]. Knowledge of the type of fatty acids
present in the oil is important, given that both the length
and unsaturation of the hydrocarbon chain contribute to the
mode of adsorption and inhibition efficiency of the inhibitor
molecule [7].

Figure 1 shows the FT-IR spectra of the fatty amides
synthesized from CRBO and AEEA. From Figure 1, it can be
seen that the signal at 1740 cm−1 corresponding to the C=O
stretching of the triglycerides disappears, and a new signal
is observed at 1640 cm−1. It is known that the presence of

this signal is characteristic of the peaks corresponding to the
amidation product (fatty amides) [10–19]. Evolution of the
FT-IR spectra at different times (spectra not shown) indicated
that, after 80minutes of reaction, the complete disappearance
of the triglycerides was achieved, suggesting formation of
fatty amides.

3.2. Real-Time Corrosion Measurements of Synthesized Fatty
Amides. Figure 2 shows the effect of the inhibitor addition
(fatty amide) on the corrosion rate (based on RPL mea-
surements) of API X-70 steel immersed in CO2-saturated
saline solution at different test temperatures. In all cases, the
inhibitor was added 60 minutes after the measurements were
started. RPL measurement involves measuring the polariza-
tion resistance (Rp) using a sinusoidal polarization of small
amplitude (±20mV) of the working electrode (steel under
study). In this case, the slope of the potential-current sweep is
Rp, which is inversely proportional to the corrosion current
density, and it is subsequently transformed to corrosion rate.
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Figure 2: Variation of corrosion rate determined by RPL (real-timemonitoring) versus time for API X-70 steel exposed to 3.5%NaCl solution
saturated with CO2 at different concentrations of fatty amide: (a) 30∘C, (b) 50∘C, and (c) 70∘C.

It is observed that in the absence of inhibitor the corrosion
rate of API X-70 steel is higher regardless of temperature.
Only at 70∘C, it is observed that this tends to decrease
markedly as a function of time. This may be due to pre-
cipitation of FeCO3 crystals onto steel surface. In general,
this behavior is due to the electrochemical nature of the
corrosion process of carbon steel, where both the anodic iron
dissolution and the cathodic evolution of hydrogen take place
[22]. The protection process (iron carbonate precipitation)
is due to the CO2 hydration which causes the formation of
carbonic acid:

CO2 +H2O → H2CO3 (1)
Since the electrolyte is deaerated, the possible dominant
cathodic reactions can beH+ ions reduction, water reduction,

and the carbonic acid dissociation:

2H+ + 2e− → H2 (2)

2H2O + 2e− → 2OH− +H2 (3)

H2CO2 + e− → H+ +HCO3
− (4)

HCO3
− + e− → H+ + CO3−2 (5)

And, the primary anodic reaction is the dissolution of iron:

Fe → Fe+2 + 2e− (6)
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Figure 3: Variation of the inhibition efficiency determined from RPLmeasurements (real-timemonitoring): (a) 30∘C, (b) 50∘C, and (c) 70∘C.

During the steel corrosion process, the iron carbonate precip-
itation onto steel surface is possible, according to

Fe+2 + CO3−2 → FeCO3 (7)

FeCO3 precipitation modifies the corrosion process kinet-
ics, because a physical porous barrier is formed between
the electrolyte and metal surface. This barrier influences
the transport of the corrosive species of the electrolyte.
However, the protection of this porous layer depends on
several environmental conditions, such as iron concentration,
pH solution, temperature, CO2 partial pressure, mechanical
forces due to flow conditions, and steel microstructure [23].
Due to the imperfect nature of this protective scale (cracks
and porosity), the electrolyte can permeate to the metal

surface and corrode the steel causing the detachment of the
protective scale [24]. Therefore, the protection provided by
the precipitation of iron carbonate is limited.

On the other hand, in the inhibitor’s presence, the corro-
sion rate decreases as its concentration increases, regardless
of the test temperature. At the maximum concentration of
inhibitor, a reduction of one order of magnitude in the
corrosion rate is observed. In all cases, a drastic drop in the
corrosion rate values is observed in the first 3-4 hours after
the inhibitor has been added; subsequently, the corrosion
rate tends to decrease slowly without reaching a defined
steady state. This reduction in the corrosion rate is due to
the adsorption of an inhibitor film onto steel surface which
acts as a more effective barrier to permeation of the corrosive
electrolyte towards the metal surface. The effectiveness of an
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Figure 4: Variation of corrosion rate as determined by HDA (real-timemonitoring) versus time for API X-70 steel exposed to CO2-saturated
saline solution at different inhibitor concentration: (a) 30∘C, (b) 50∘C, and (c) 70∘C.

inhibitor of organic nature is the result of the physicochemical
properties of themolecule, the nature of its functional groups,
possible steric effects, and the electron density of the donor
atoms [9]. Inhibitor adsorption depends on the interaction of
the𝜋 orbitals of the inhibitormolecule with the orbitals of the
atoms of the metal surface [9].

Figure 3 shows the variation of the inhibition efficiency
of fatty amides as a function of time (from the RPL measure-
ments of Figure 2). The inhibition efficiency was determined
according to the following relation:

𝐸 (%) = CR𝑖 − CR𝑏
CR𝑖

∗ 100, (8)

where CR𝑏 is the corrosion rate in inhibitor absence and
CR𝑖 when the inhibitor is present. In all cases, the inhibition
efficiency increased with the added inhibitor concentration,
regardless of test temperature. The inhibition efficiency was
greater than 95% at the maximum inhibitor concentration
evaluated, and, in all cases, the steady state was not reached.
This implies that, in longer periods of exposure, the inhibition
efficiency would tend to increase.

Figure 4 shows the variation in the corrosion rate, deter-
mined from the HDA measurements, as a function of time
for the API X-70 steel exposed in CO2-saturated saline
solution at 30, 50, and 70∘C at different concentrations
of inhibitor. The analysis of harmonics and the nonlinear
response are based on the disturbance of anAC signal and the
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Figure 5: Variation of inhibition efficiency determined from HDA-based measurements (real-time monitoring): (a) 30∘C, (b) 50∘C, and (c)
70∘C.

frequency domain, correspondingly. The latter is a measure
of the nonlinear current distortion, originated during the
RPL measurement, using a 10mHz sine wave (50mV peak-
to-peak), and analyzes current signals at 10, 20, and 30mHz.
This allows obtaining the kinetic parameters of the corrosion
process.Theharmonics analysis in the current response offers
the possibility of obtaining the corrosion rate and the anodic
and cathodic parameters of Tafel.

In general, the corrosion rates obtained from the HDA-
basedmeasurements suggest a similar trend to those obtained
from the RPL measurements. The possible differences
observed are due to the fact that, for the calculation of the
corrosion rate, the HDA technique uses instantaneous values
of the anodic and cathodic Tafel slopes and, in RPL-based

measurements (Figure 2), the technique uses fixed values
(120mV). Observation of disturbances in the measurements
is notorious, and their magnitude increases with the temper-
ature and evenmore when the inhibitor is present. Since such
perturbations can be interpreted as adsorption-desorption
processes of the inhibitor molecules and these processes
promote the presence of active sites onto metal surface, both
corrosion potential values (𝐸corr) andTafel kinetic parameters
can be affected [7].

Thus, the calculation of the corrosion rate to use instan-
taneous Tafel values is advisable. Employing constant values
will show a smoothed trend which suppresses the transient
processes. In this sense, it can be observed that the amplitude
of the transients increases with the temperature and, for
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Figure 6: Variation in PF values as a function of time for API X-70 steel exposed to CO
2
-saturated saline solution at different inhibitor

concentrations: (a) 30∘C, (b) 50∘C, and (c) 70∘C.

a given temperature, decreases with the inhibitor concen-
tration. This suggests two facts: (1) the inhibitor molecules
adsorption can be compromised by increasing temperature
and (2) when the inhibitor concentration is increased, there
are a greater number of molecules occupying the active sites
left by the desorption of the inhibitor molecules.

Similarly, the evolution of the inhibition efficiency from
the HDA-based corrosion rate measurements (Figure 4) is
shown in Figure 5. As indicated, the observed transients can
be interpreted as a measure of the adsorption stability of the
inhibitor molecules onto metal surface. Mainly, increasing
the inhibitor concentration decreases both the amplitude and
frequency of the instabilities.

Figure 6 shows the variation of pitting factor (PF) as
a function of time for API X-70 steel exposed to CO2-
saturated saline solution at different test temperatures, with
and without inhibitor addition. This parameter is obtained
fromENandHDAmeasurements, where EN refers to current
and potential fluctuations that occur onto steel surface with-
out disturbance of its potential. EN measurements provide
information on the activity level of the corrosion process
and the dominant corrosion mechanism. The pitting factor
is defined as follows [25]:

PF = 𝜎𝐼EN𝐴WE𝐼HA , (9)
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Figure 7: Potentiodynamic polarization curves for API X-70 steel in CO2-saturated saline solution at different concentrations of inhibitor:
(a) 30∘C, (b) 50∘C, and (c) 70∘C, after 24 hours of stabilization.

where 𝜎𝐼EN is the standard deviation of the current (deter-
mined by electrochemical noise), 𝐴WE is the steel reaction
area, cm2, and 𝐼HA is the corrosion current density obtained
from harmonic analysis, in A/cm2. The PF is an index which
varies within 0-1 and is an estimate of the localized attack.
PF values are interpreted as follows. PF values < 0.01 suggest
generalized corrosion, in the range of 0.01–0.10, generalized
corrosion dominates in an intermediate zone, and values >
0.1 imply localized corrosion.

According to Figure 6, in the absence of inhibitors, the
PF values decrease as the temperature increases, whereas,
at a given temperature, the PF values tendency decreases as
the immersion time increases. In all cases, PF values move
from the region of generalized corrosion with pitting attack
to the region of uniform corrosion. This is expected because
the FeCO3 precipitation onto steel surface gives it some
protection, and this precipitation is favored by increasing

the temperature. However, in the inhibitor’s presence, we
observed that the PF values are lower as the inhibitor
concentration increases in every case (lower values than those
observed without presence of inhibitor), reaching values of
uniform corrosion. In addition, it was observed that the
fluctuations in PF values were higher if the temperature
increased. This is possible due to the adsorption-desorption
processes of the inhibitor molecules.

3.3. Polarization Curves. Figure 7 shows the polarization
curves of API X-70 steel in CO2-saturated saline solution and
different inhibitor concentrations at 30∘C, 50∘C, and 70∘C,
respectively. These tests show whether the material under
study shows active, passive, or transpassive behavior [26]. In
the absence of inhibitor, the tendency of the anodic branch
shows that the steel undergoes a continuous dissolution
process and that the steel dissolution increases with the test
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Figure 8: Electrochemical parameters for API X-70 steel in CO2-saturated saline solution as a function of inhibitor concentration and
temperature: (a) corrosion potential, (b) anodic slope, (c) cathodic slope, and (d) corrosion current density.

temperature. It has been suggested that the Fe dissolution can
occur according to the following reactions [27, 28]:

Fe +H2O←→ FeOHads +H+ + e
FeOHads → FeOH+ + e

FeOH+ +H+ ←→ Fe2+ +H2O
(10)

where the global reaction of anodic dissolution is that
represented by (6) [29, 30].

The observed behavior shows that the steel does not have
the ability to form a passive layer that protects it from the
aggressive environment; that is, its corrosion products are
not protective. At temperatures higher than 50∘C and longest
exposure times, the precipitation of an iron carbonate layer

onto steel surface is possible, according to (7). However, the
FeCO3 layer offers limited protection due to the presence of
imperfections (porosity and cracks), whereby the electrolyte
can penetrate and corrode the steel surface causing its
detachment [24].

However, when the inhibitor is added, there is an increase
in the slope of the anodic branch indicating a decrease in the
active behavior, and 𝐸corr values move towards nobler values,
except at 30∘C where, with 10 ppm and 25 ppm of inhibitor,
a shift towards more active values was observed. This may
be due to the low test temperature which did not facilitate
the optimal dispersion of the inhibitor. The dispersion of the
inhibitor is favored by increasing the temperature, facilitating
its transport towards the metal surface. Similarly, in the pres-
ence of the inhibitor, the polarization curves moved towards
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the lower current density region, indicating a decrease in
the corrosion rate of the steel. On the other hand, it is
observed that the cathodic branch shows the same shape and
trend at all temperatures. This indicates that the reduction
reaction is the same, and it is activated thermally, since, by
increasing the temperature, the cathodic branch moves to
higher current densities. Because the solution is deaerated
(continuous bubbling of CO2, CO2 + H2O = H2CO3), the
main possible cathodic reactions are the H+ ions reduction,
the carbonic acid dissociation, and the water reduction [22,
29, 30], according to (2)–(5).

Figure 8 shows the evolution of the electrochemical
parameters obtained from Figure 7. It is observed that
the tendency of the 𝐸corr values (Figure 8(a)) is identical
regardless of the test temperature. In general, in presence
of the inhibitor, the 𝐸corr values are nobler and they tend
to increase as a function of the inhibitor concentration. At
the same time, 𝐸corr values are more active by increasing
the temperature; this is because the corrosion phenomenon
is a thermally activated process. The tendency in the 𝐸corr
values allows assuming that the inhibitor evaluated is of
the anodic type and that its main action is to suppress the
anodic reaction (Fe dissolution). This is supported by the
evolution of the anodic slope values (Figure 8(b)) where it
is observed that these values are higher than those observed
in the absence of inhibitor. Figure 8(c) shows a similar trend
in the cathodic slope values; that is, the values increase by
increasing temperature. This is congruent with the dissolved
CO2 content. The content of dissolved CO2 is a function
of temperature, solutes concentration, and pressure; that is,
increasing the temperature decreases the amount of dissolved
CO2 and therefore increases the cathodic slope. This is a
feature of processes controlled by mass transfer [31, 32]. The
same occurs with the dissolved O2 in the solution. In general,
at 30∘C, the values tend to increase with the inhibitor con-
centration, and, at higher temperatures, the opposite occurs.

Figure 8(d) shows that the steel corrosion rate decreases as
the inhibitor concentration increases. This is congruent with
the observed from the real-time measurements discussed
previously.

The dependence of the metal dissolution rate on temper-
ature can be explained using the Arrhenius equation, where
the activation energy of the metal dissolution process can be
calculated according to [27]

𝐼corr = 𝑘 exp (−Δ𝐸𝑅𝑇) ,

ln (𝐼corr) = ln 𝑘 − Δ𝐸𝑅𝑇,
(11)

whereΔ𝐸 (Jmol−1) is the activation energy, which is obtained
from the slope of the ln(𝐼corr) versus 1/𝑅𝑇 relationship,
𝑘 is a constant, and 𝑅 is the gas constant (8.314472 J/K-
mol). Figure 9 shows the ln(𝐼corr) versus 1/𝑅𝑇 relationship
as a function of inhibitor concentration. The calculated
activation energies were 44.5, 45.35, 48.31, 51.55, 52.30, and
52.31 kJmol−1 for 0, 5, 10, 25, 50, and 100 ppm, respectively.
This indicates that the anodic reaction is affected by the
presence of the inhibitor and that the Fe dissolution rate
decreases by increasing the concentration of the inhibitor.
In the absence of inhibitor, activation energy values of the
order of 14–30 kJmol−1 are reported [27, 33]. Such values are
lower than those determined in this study; nevertheless, the
fundamental difference is the type of steel evaluated and the
NaCl content of the electrolyte.

In order to verify the decrease in Fe dissolution rate,
additional experiments based on electrochemical impedance
spectroscopy (EIS) measurements were performed. Figure 10
shows the evolution of the EIS spectra as a function of
inhibitor concentration after 24 hours of immersion in the
electrolyte. From the figure, it is clear that, in the presence
of the inhibitor, the magnitude of the capacitive semicircle



12 Journal of Chemistry

−9000

−8000

−7000

−6000

−5000

−4000

−3000

−2000

−1000

0
0 1000 2000 3000 4000 5000 6000 7000 8000 9000

Z
�㰀�㰀 (Ohm-cm2

)

Z
�㰀�㰀

(O
hm

-c
m

2
)

100 ppm
50 ppm
25 ppmBlank

10 ppm
5 ppm

(a)

−3000

−2500

−2000

−1500

−1000

−500

0
0 500 1000 1500 2000 2500 3000

Z
�㰀�㰀 (Ohm-cm2

)

Z
�㰀�㰀

(O
hm

-c
m

2
)

100 ppm
50 ppm
25 ppmBlank

10 ppm
5 ppm

(b)
−1800

−1600

−1400

−1200

−1000

−800

−600

−400

−200

0
0 200 400 600 800 1000 1200 1400 1600 1800

Z
�㰀�㰀 (Ohm-cm2

)

Z
�㰀�㰀

(O
hm

-c
m

2
)

100 ppm
50 ppm
25 ppmBlank

10 ppm
5 ppm

(c)

Figure 10: EIS spectra for API X-70 steel in CO2-saturated saline solution at different concentrations of inhibitor: (a) 30∘C, (b) 50∘C, and (c)
70∘C, after 24 hours of immersion.

increases, and likewise its diameter also increases by increas-
ing the inhibitor concentration. This shows that the charge
transfer resistance of the steel increases and consequently
decreases its dissolution rate [6, 7].

The fatty amides synthesized from the crude rice bran
oil act as corrosion inhibitors, due to the high unsaturation
content of their alkyl chains. In short, the inhibitory efficacy
was excellent. This allows the adsorption of the inhibitor
molecule ontometal surface, thereby decreasing its corrosion
rate independently of the test temperature. The above results
demonstrate that the use of agroindustrial byproducts (rice
bran) is a sustainable source for the synthesis of corrosion
inhibitors. Notwithstanding the foregoing in the scientific
literature, there are few studies that take into account the

byproducts of the rice milling process as an important source
for the synthesis of green corrosion inhibitors; for example,
the use of the rice husk as raw material for obtaining
nanosilicate [34], tannins [35], and momilactone A [36] and
the use of rice bran for the extraction of phytic acid have been
reported [37–39], and only one study reported the use of rice
bran oil for synthesis of fatty acid triazoles [40].

4. Conclusions

Crude rice bran oil is a promising source for the synthesis of
bioproducts such as fatty acid amides. The unsaturated fatty
acid content of crude rice bran oil makes it an ideal candidate
for the synthesis of corrosion inhibitors. The electrochemical
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evaluations performed showed that the fatty amides acted
as corrosion inhibitors at all test temperatures. In all cases,
the inhibition efficiency was at least 95% for the optimum
inhibitor concentration. From the real-timemeasurements, it
was observed that, in the presence of the inhibitor, the pitting
factor valueswere lower than those observed in the absence of
inhibitor. This is attributed to the adsorption of the inhibitor
molecule onto metal surface which prevented the diffusion
of the aggressive ions of the electrolyte. Calculation of the
activation energy of the corrosion process showed that the
inhibitor suppresses the anodic reaction and that this effect
increases with the concentration of added inhibitor.
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