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Rice bran is a by-product of great production worldwide and its use for the synthesis of biodiesel does not affect the food chain and
therefore it is an excellent alternative for the production of biofuels with low carbon footprint. In this work, the synthesis of biodiesel
was carried out from the raw rice bran oil of a kernel variety called “Morelos rice.” The stability and corrosivity characteristics
of biodiesel were determined. Biodiesel stability was determined both under storage conditions and under accelerated oxidation
conditions, and its corrosivity was evaluated by electrochemical impedance spectroscopy at 110∘C under aerated conditions. The
results showed that, due to the high instability of the rice bran, its raw oil had a high content of free fatty acids. The synthesized
biodiesel showed excellent stability under storage conditions of up to five months, and its oxidative stability was much higher than
that established in international standards. On the other hand, biodiesel showed low corrosivity and this was only significant once
oxidative degradation began.

1. Introduction

The environmental impact caused by the use of fossil fuels
has motivated the need to search for other sustainable
sources of energy. In this sense, biofuels such as biodiesel
are an interesting alternative to partially or totally replace
the consumption of mineral diesel. Vegetable oils are the
main raw material for biodiesel production, and they are
a renewable and environmentally friendly source that helps
reduce the CO

2
emissions; this is because the plants from

which the oil is obtained use the anthropogenic CO
2
for their

growth [1–3].
The term biodiesel has been used to define themonoalkyl

esters of long chain fatty acids derived from renewable lipids
such as vegetable oils or animal fats [4], which are nontoxic
and biodegradable, contain oxygen in their molecules, and
are free of sulfur and carcinogenic compounds; therefore,

biodiesel is a cleaner fuel than gasoline and diesel [5]. The
energy extracted during the biodiesel combustion actually
comes from the sun through the photosynthetic activities of
the plants. Plants are one of the biotic forms with the shortest
time of fixation of anthropogenic CO

2
, so the use of biodiesel

reduces the emissions of greenhouse gases [6, 7].
There is a strong controversy both in the use of edible

oils and in the cultivation of nonedible oil sources in order
to synthesize biodiesel. Current efforts should be directed
to those sources of vegetable oil that do not affect, directly
or indirectly, the food chain. In addition, the cost of edible
oils as a raw material for biodiesel synthesis represents a
high percentage (up to 50%) of the overall synthesis process
[6, 8, 9]. Therefore, the current vision should focus on the
use of agricultural by-products or agroindustrial waste that
does not affect the food chain. A clear example is the use
of rice bran. Rice bran is a by-product of the paddy grain
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milling process. Rice bran constitutes about 10% by weight
of the kernel and contains a good amount of oil [10].

The oil content of the rice bran can be as high as 25%
depending on the milling process, geographical origin, and
the rice grain variety [11, 12]. However, because of its high
free fatty acid content, rice bran oil has little application as
edible oil [13–15]. Almost all rice bran produced in the world
is discarded or used as a cheap raw material for animal feed
and as boiler fuel; this is due to the action of the enzyme lipase
which is released during its production and which causes
the rancidity of its oil in a short time [9, 11–18]. Rice is one
of the most consumed cereals in the world and, therefore,
produces important by-products such as rice bran [9, 13].
The use of this by-product does not affect the food chain,
and due to its high production, it is a sustainable source of
low cost products for the generation of new products with
higher added value and low carbon footprint.The quality of
both the rice bran and its oil depends on the variety of the rice
kernel. In this study, biodiesel has been synthesized from the
rice bran of the “Morelos rice” which is a variety of rice with
high oil content grown exclusively in Morelos state, Mexico.
The stability of biodiesel has been evaluated under long-
term storage conditions. Moreover, the oxidative stability
and the corrosivity of biodiesel have been investigated by
electrochemical techniques.

2. Experimental Procedure

2.1. Biodiesel Synthesis. Biodiesel was synthesized from raw
rice bran oil (RRBO). The rice bran was collected shortly
after its production in a local mill (Puente de Ixtla, Morelos,
Mexico). For the extraction of its oil, the rice bran was dried
at 70∘C until the elimination of its moisture. The rice bran
used is a by-product of the “Morelos” rice with certificate of
denomination of origin. Morelos rice is considered one of the
best quality rice products at the international level [19], as the
main characteristic of “Morelos” rice is that it is an extra-large
opaque grain which is cultivated exclusively in Morelos state
(Mexico).

RRBO extraction was carried out with hexane at room
temperature using a flour-solvent ratio of 1 : 10. The chemical
(fatty acids) and physicochemical (density, acid index, iodine
index, peroxide index, and saponification index) characteris-
tics of the RRBO were determined by gas chromatography
and according to AOAC methods 920.21, 940.28, 920.158,
965.33, and 920.160, respectively.

The synthesis of biodiesel was carried out as described
by Lin et al. [8]. The synthesis process was monitored by gas
chromatography and by FTIR spectroscopy. The process was
carried out in two stages. In the first one, the esterification of
the free fatty acids was carried out, and in the second one the
transesterification of the triglycerides. For the esterification
of the free fatty acids (FFA), a methanolic solution of sulfuric
acid (1 wt.%) was added to molar ratio of 1 : 7 (free fatty
acids :methanolic solution). The esterification process was
carried out at reflux for 1 hour with constant stirring at
65∘C. By means of thin layer chromatography (TLC), the
disappearance of the free fatty acids is verified. Subsequently,
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Figure 1: Scheme of the experimental arrangement used to deter-
mine the oxidative stability of biodiesel based on OCP measure-
ments.

methanol is removed by evaporation, and the sulfuric acid
is removed by centrifugation. The resulting product is sub-
jected to the transesterification of the triglycerides by the
addition of a KOHmethanolic solution (0.9%w/w) in a ratio
of 1 : 10 (triglycerides :methanolic solution). The mixture is
heated to 70∘C with constant agitation and the course of
the transesterification reaction is monitored by TLC until
complete conversion of the triglycerides to methyl esters.
After the transesterification process, methanol is removed
by evaporation and glycerol is separated by centrifugation.
The biodiesel is washed with distilled water until obtaining
a neutral pH, and later it is dried with Na

2
SO
4
. Chemical

and physicochemical characterization of the biodiesel was
performed in a similar way to the raw oil.

2.2. Biodiesel Stability. Determination of biodiesel stability
was carried out considering storage conditions (room tem-
perature and sunlight absence) for 6months.Themonitoring
of biodiesel stability was performed by the evolution of its
physicochemical parameters.

The oxidative stability of biodiesel was performed by
a new method based on the measurement of the open
circuit potential (OCP) between a gold working electrode
and deionized water, similar to the resistivity measurement
used in the so-called Rancimat method as illustrated in
Figure 1 [13–15]. The OCP between a working electrode
and the deionized water will remain stable as long as the
chemical composition of the electrolyte remains unchanged.
However, because the air stream injected into the biodiesel
is subsequently bubbled into the deionized water, both the
chemical composition and the conductivity of the electrolyte
can change due to the dissolution of the volatile oxidation
products in addition to the CO

2
and O

2
of the air. Because

of this, OCP measurements can be useful in determining
the oxidative stability of biodiesel. Time-dependent OCP
measurements between the gold working electrode and a
saturated calomel electrode (SCE) were carried out with an
ACM Instruments Zero potentiometer coupled to a personal
computer.The oxidative stability of biodiesel was determined
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at 80, 110, and 140∘Cusing an air flowof 10 l/h. Before each test
and in the absence of air bubbling, the OCP was measured
for one hour and air bubbling in the biodiesel was then
initiated.

2.3. Biodiesel Corrosivity. The corrosivity of the biodiesel was
evaluated by electrochemical impedance spectroscopy (EIS)
on 304 stainless steel (SS). A three-electrode electrochemical
cell was used, where the 304 SS is the working electrode
(WE), a platinum mesh is the counter electrode (CE), and a
platinumwire is the reference electrode (RE).The CE and RE
were located at a distance of 0.5mm from the WE reaction
area. The corrosivity tests were carried out at 110∘C with
continuous bubbling of air at 10 l/h. These conditions guar-
antee the absence of humidity of the biodiesel and, therefore,
the observed corrosivity will correspond exclusively to its
oxidation products. Once the test temperature was reached,
the electrode array was introduced into the biodiesel and
after 15 minutes of stabilization the EIS measurements were
initiated. EIS measurements were carried out at OCP in
a frequency interval of 100 kHz to 0.1 Hz using sinusoidal
perturbation amplitude of 50mV. Because in highly resistive
systems (thick paints, oils, and biodiesel) it is extremely dif-
ficult to make EIS measurements, in this work, it was chosen
to work with a perturbation amplitude of 50mV and a very
small separation distance between the electrodes in order to
obtain reliable EIS spectra [20–22]. A Gamry Interface 1000
potentiostat/galvanostat controlled by a personal computer
was used for the EIS measurements. Prior to the corrosion
tests, the working electrode was polished successively with
SiC papers from grade 120 to 1200 and then washed with
distilled water, ethanol, and acetone. The obtained spectra
were fitted with the ZView software.

3. Results and Discussion

3.1. Biodiesel Synthesis. The raw material (rice bran) had a
moisture and oil content of 6.77% and 21.44%, respectively.
The oil content is consistent with the information reported in
the literature [11, 23]. The physicochemical parameters of the
raw oil are shown in Table 1. The average molecular weight of
the oil was 923 g/gmol and its FFA content was 8.15%. These
values are within the range reported for oils extracted from
the same source [8, 9, 23–25]. The determined FFA content
was high for the oil obtained shortly after the rice bran was
produced. This value was due to the activity of the lipase
enzyme released during the rice grain milling process [9], in
addition to limiting its use for food purposes [25]. Because
a percentage of acidity less than 5% is recommended for
the transesterification process of the triglycerides [26], it was
therefore necessary to first carry out the esterification step of
the FFA. Chromatographic analysis indicated that the RRBO
had a content of palmitic acid (C16:0) of 14.54%, linoleic
acid (C18:2) of 35.26%, and oleic acid (C18:1) of 48.48%. The
composition was similar to that reported in the literature for
this type of oil [7, 8, 11, 18, 27, 28].

Due to the high FFA content of the oil, the synthesis of
the biodiesel was carried out in two stages: FFA esterification

Table 1: Physicochemical parameters of the raw rice bran oil.

Parameter Amount
Density (g/cm3) 0.877
Saponification index (mgKOH/g) 188.68
Acidity index (mgKOH/g) 0.491
Iodine index (g I

2
/100 g) 90.08

Peroxide index (meq O
2
/kg) 0.83

FFA (%) 0.246

and triglycerides transesterification. Figure 2 shows the FTIR
spectra of the esterification reaction of the FFA. FTIR spectra
have been used to identify the functional groups and bands
corresponding to various stretching and flexion vibrations
during the synthesis of the biodiesel [29]. FTIR spectrum
(Figure 2(a)) was similar to those spectra reported for edible
rice bran oil [30]; the main difference is a small signal
around 1712 cm−1 which was associated with the carbonyl
peak of FFA; this signal appears along with the acylglyceride
carbonyl peak (C=O) at 1743 cm−1 [31]. In oils with high FFA
content, the signal (1712 cm−1) is lengthened and there is a
shrinking of the corresponding signal to the acylglyceride
carbonyl peak (C=O) [30]. After the esterification process,
the disappearance of this signal was evident (Figure 2(b)).
This indicates the conversion of the FFA to their respective
methyl esters. Other additional common signals can be
observed in both spectra [32–37]. Around 3500 cm−1, a broad
-OH stretching vibration peak is observed. At 3007 cm−1, the
stretching vibration of the cis (=C-H) double bonds from the
oleic and linoleic fatty acids is observed. At 2922 cm−1 and
2853 cm−1, the asymmetric and symmetrical stretching vibra-
tions of the -CH

2
, respectively, are observed. At 1461 cm−1,

the flexural vibrations of the -CH
2
are observed, as well as

the flexural vibrations of the -CH
3
at 1375 cm−1. At 721 cm−1,

the characteristic peak of chains with more than four -CH
2

groups and the flexion vibration outside the plane of the cis-
bond (-HC=CH-) associated with the alkyl chain of oleic and
linoleic acid are observed. At 1238 and 1163 cm−1, the signal
of the symmetrical stretch and asymmetric stretching of the
-C-O is observed. Some authors assign the band at 1238 cm−1
to the flexion vibration outside the plane of the methylene
group [34]. Table 2 summarizes the main groups identified in
the FTIR spectra.

Figure 3 shows the FTIR spectra of the transesterification
reaction of the triglycerides. Due to the structural similarity
between the triglycerides of the oil and the methyl esters of
biodiesel, the spectra of both are very similar [37]. Thereby,
the signals described in Figure 2 are the same as those
observed in Figure 3. However, the absence of two important
signals should be distinguished to ensure the purity of the
synthesized biodiesel, namely, the signal associated with the
carbonyl peak of the FFA (around 1712 cm−1) which indicates
that the first stage of the synthesis process was performed
successfully and the absence of a broad absorption band
(3300–2500 cm−1) indicating the absence of moisture as a
result of an efficient biodiesel purification process [31, 37].
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Figure 2: FTIR spectra of the esterification process: (a) 𝑡 = 0min and (b) 𝑡 = 60min.

The elimination of impurities (moisture, residual catalyst)
is essential both to define the quality and stability of the
synthesized biodiesel and to prevent detrimental effects on
combustion engines [7, 38]. As can be seen from Figure 3(b),
the synthesized biodiesel complies with both concepts.

Physicochemical characterization of the synthesized
biodiesel is shown in Table 3 at different storage times.
According to the values shown, it is possible to observe that
there was a reduction both in the density, as in the acidity
index and the peroxide index, and in the FFA content with
respect to those values reported for the oil (see Table 1).
These changes were due to the process of esterification and
transesterification of the oil. The determined parameters are
within the limits established by ASTM D6751 [39], EN 14214
[39], and DIN V51606 [24].

3.2. Biodiesel Stability. The evolution of the physicochemical
parameters of biodiesel is shown in Table 3. In general, it can
be observed that during the storage period no significant vari-
ation of the monitored parameters was observed. However, it
can be observed that the acidity index increased slightly with
respect to time, and after 5 months it was slightly above the
limit established by international standards (0.5mgKOH/g)
[24, 39]. A high acidity index of biodiesel can cause problems
due to the formation of deposits in the fuel system (pumps
and filters). There was also a slight decrease in the iodine
index value as a consequence of the oxidation of the double
bonds present in the hydrocarbon chains resulting in the
formation of peroxides as reaction products; this parameter
is of great importance in the synthesis of biofuels because
high values of this index indicate a low stability of the



Journal of Chemistry 5

33
26

.7
7

30
07

.7
0

28
53

.6
5

29
23

.2
2

17
41

.6
8

14
61

.1
2

15
63

.2
9

16
53

.9
6

14
37

.2
0

13
61

.4
3

12
44

.4
4

11
96

.4
3

11
69

.0
1

11
15

.7
6

10
38

.6
2

91
9.

51
84

9.
02

72
1.

61

58
4.

17 48
8.

60
43

3.
20

100

90

80

70

60

Tr
an

sm
itt

an
ce

 (%
)

Wavenumber (＝Ｇ−1)

4000 3500 3000 2500 2000 1500 1000 500

(a)

100

90

80

70

60

50

Tr
an

sm
itt

an
ce

 (%
)

Wavenumber (＝Ｇ−1)

4000 3500 3000 2500 2000 1500 1000 500

30
07

.9
0

29
23

.0
6

17
41

.5
0

14
61

.3
8

14
36

.2
6

13
61

.6
2

12
44

.4
2

11
96

.6
7

11
69

.1
0

11
19

.3
6

10
16

.0
6 86

1.
06

84
8.

25
72

2.
33

58
5.

05

28
53

.6
6

(b)

Figure 3: FTIR spectra of the transesterification process: (a) 𝑡 = 20min and (b) purified biodiesel after 120min of reaction.

biofuel [40]; however, the values are within the established
international standards. Due to the oxidation of the double
bonds of the hydrocarbon chains, the values of the peroxide
index tended to increase with respect to the storage time.
Although this parameter is important because high values
of the peroxide index can favor the formation of solids and
the deterioration of the oil lubricant [40], the international
standards do not take it into account within the quality
criteria of biodiesel. However, because the peroxide index
is related to the iodine index, it can be said that the value
obtained is acceptable. According to the evolution of the
physicochemical parameters of the biodiesel derived from
RRBO, it can be said that, under storage conditions, it showed
an excellent stability up to the fifth month according to the

limits allowed in the ASTM D6751 [39], EN 14214 [39], and
DIN V51606 [24] standards. Its only critical parameter is the
acidity index which could be stabilized by the addition of
antioxidants.

3.3. Biodiesel Oxidative Stability. Because biodiesel is suscep-
tible to degradation either by autoxidation or by photooxi-
dation, determining its stability is an important factor. The
biodiesel degradation can occur by oxidation under aerobic
conditions, hydrolysis in the presence of moisture, thermal
decomposition by excess heat, contamination of impurities,
and so forth. The products of its degradation (acids, alde-
hydes, esters, ketones, peroxides, alcohols, and polymers)
can cause the formation of precipitates and their darkening
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Table 2: Main groups identified in the FTIR spectra.

Wavenumber (cm−1) Group Reference
721 -CH

2
[32–37]

1163 -C-O [32–37]
1238 -HC=CH- [32–37]
1238 H

2
C= [34]

1375 -CH
3

[32–37]
1461 -CH

2
[32–37]

1712 =C=O of FFA [30]
1743 =C=O of acylglyceride [30]
2853 -CH

2
[32–37]

2922 -CH
2

[32–37]
3007 =C-H [32–37]
3500 -OH [32–37]

[14, 15].Usually, the oxidative stability of biodiesel is evaluated
by the so-called Rancimat method [13–15], a conductometric
method where biodiesel is subjected to accelerated oxidation
conditions. In short, the biodiesel is usually heated at 110∘C,
and either air or oxygen (10–20 l/h) is bubbled through it.
These test conditions accelerate the biodiesel degradation
and the oxidation products are collected in deionized water.
Therefore, the conductivity of deionized water will tend to
increase, and the time at which this occurs is defined as the
biodiesel stability time. Therefore, based on the Rancimat
method, in this work, the conductivity meter was replaced
by an arrangement of two electrodes in order to determine
the variation of the OCP of the gold WE with respect
to SCE as a function of time. Figure 4 shows the OCP
measurements evolution as time elapsed for biodiesel at
different temperatures. In general, it is observed that theOCP
curves showed the evolution of two slopes and two apparent
plateaus. The evolution of the first slope can be associated
with dissolved gases (adsorption of CO

2
and O

2
mainly) due

to the air bubbling, and the second slope can correspond
to the dissolution of the biodiesel oxidation products. In
both cases, the plateaus correspond to the saturation of
the deionized water due to both CO

2
and O

2
absorption

and the oxidation products dissolution, respectively. Then,
the interception of the tangent of the first plateau with the
tangent of the second slope corresponds to the stability time
of the biodiesel [41]. According to this, it can be observed
that the oxidative stability of biodiesel was 23.6, 16.2, and
7.3 hours at 80, 110, and 140∘C, respectively. According to
European standard EN 14112, it has been established that
the induction time accepted as a measure of the oxidative
stability of biodiesel should be at least 6 hours at 110∘C. The
excellent oxidative stability observed can be attributed to
the particular characteristics of the source oil, namely, the
presence of natural antioxidants [42], and its low content of
methyl ester of linoleic acid (C18:2), since it has been reported
that its oxidation rate is 12 times higher than that of methyl
ester of oleic acid (C18:1) [43].

The RRBO has the highest saturated to unsaturated
fatty acid ratio and a high content of natural antioxidants
as compared to refined or dewaxed/degummed oil. Both
wax esters and phospholipids (3-4%) and an important
fraction of the unsaponifiablematter (5%) such as 𝛾-oryzanol,
tocopherols, tocotrienols, phytosterols, and steryl esters are
removed during refining or dewaxing/degumming of the raw
oil [20, 44, 45]. In addition, it has been observed that, during
the biodiesel synthesis process, the unsaponifiable matter
remains in the final product [44], thus favoring the presence
of antioxidants in the biodiesel. In particular, tocopherols
have shown a high stability at a temperature of 100∘C formore
than 400 hours [46]. These characteristics favor the excellent
oxidative stability of biodiesel synthesized from the crude oil
of rice bran.

However, although biodiesel may contain antioxidants
from the source oil, one of themain factors that directly affect
its stability is the presence of double bonds in the fatty acids
of the constituent methyl esters. In general, the hydrogen
atoms of both the allylic and the bisallylic positions are the
starting points for the oxidative degradation of biodiesel
[14, 15]. Therefore, since polyunsaturated methyl esters are
more susceptible to oxidation than monounsaturated methyl
esters, and monounsaturated methyl esters are more sus-
ceptible than saturated methyl esters, it is possible that the
degradation of the RRBO startedwith the allylic and bisallylic
positions of the methyl ester of linoleic acid.

3.4. Biodiesel Corrosivity. Biodiesel shows a tendency to
absorbmoisture due to the hygroscopic character of the esters
that make it up. Moisture (water) tends to condense on the
metal surfaces that contain it and causes their deterioration
due to metallic corrosion. In addition, the reaction products
of the biodiesel oxidation process (aldehydes, ketones, lac-
tones, and organic acid compounds) considerably increase
the biodiesel’s corrosivity [41, 47].The corrosivity of biodiesel
on different metallic materials has been evaluated both by
electrochemical techniques and by mass loss tests. However,
due to the high resistivity of biodiesel, in many studies, a
second electrolyte (e.g., water) is added in order to increase
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Figure 5: Nyquist and Bode plots for 304 stainless steel evaluated in biodiesel at 110∘C.

Table 3: The physicochemical parameters of biodiesel after different storage times.

Month 0 1 2 3 4 5 6
Density (g/cm3) 0.877 0.875 0.880 0.881 0.881 0.880 0.880
Saponification index (mgKOH/g) 188.68 184.51 194.15 181.71 182.01 181.74 181.14
Acidity index (mgKOH/g) 0.491 0.455 0.480 0.482 0.494 0.572 0.664
Iodine index (g I

2
/100 g) 90.08 85.18 86.08 87.89 82.01 83.23 81.36

Peroxide index (meqO
2
/kg) 0.83 1.20 5.35 6.58 6.88 7.54 8.36

FFA (%) 0.246 0.228 0.241 0.242 0.248 0.287 0.333

its conductivity and thus its corrosivity [20, 47–53]. Because
many corrosion tests are conducted at temperatures where
the degradation rate of biodiesel is slow, the exposure times
may be up to months in order to obtain reliable corrosion
measurements. Therefore, the corrosivity studies reported
here were carried out at 110∘C and with air bubbling at 10 l/h.

Figure 5 shows the impedance spectra obtained over 24
hours of testing. It should be noted that the measurement
corresponding to “zero” time was performed in the absence
of air bubbling. From the Nyquist diagram, it is possible

C＜

R＜

C＞Ｆ

R＝Ｎ

Figure 6: Equivalent circuit used to model the impedance spectra.

to observe the apparent presence of a single capacitive
semicircle, which can be attributed to the response of the
electrochemical double layer [20]. However, due to the high
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Figure 7: Electrochemical parameters extracted from the impedance spectra.

resistivity of biodiesel, it is not obvious to associate such
response with the corrosion processes at themetal-electrolyte
interface [20]. However, despite this, the analysis of the Bode
diagram can differentiate the capacitive response of biodiesel
from the response of the stainless steel corrosion process [54–
58]. From the phase angle spectrum, it is possible to observe
only part of the characteristic shape (Gauss bell shape) of
the phase angle corresponding to one single time constant.
However, the width of this time constant suggests that there
are actually two overlapping time constants which evolve
from the high frequency region to the intermediate frequency
region; something similar has been reported when an oily
film is adsorbed by the metal surface [54–57, 59]. Therefore,
the response observed in the region of high frequency
(>1000Hz, phase angle maximum practically constant and
close to 90∘) represents the capacitive response of biodiesel,
and that observed in the intermediate frequency region
(10–1000Hz, phase angle maximum variable) is due to the
corrosion process in the steel-biodiesel interface [60]. From
the impedance modulus plot in the low frequency region, the
presence of a plateau is observed, and its evolution indicates
the variation of the corrosion resistance of stainless steel as
time elapses. It is interesting to note that once the air was
bubbled in the biodiesel, the impedance module increased
immediately; this can be associated with the formation of
a passive layer on the stainless steel due to the oxidation
process of its surface. However, at greater times than 12
hours, the impedance modulus decreased drastically due to
the corrosion process caused by the oxidation products of the
biodiesel. This is in agreement with the results of oxidative
stability of biodiesel, which indicated an induction time of
16.2 hours at 110∘C.

Based on the above, the electrochemical response of the
system could be modeled by an electric circuit consisting
of two parallel circuits (capacitance-resistance) connected in
series (Figure 6). In this equivalent circuit, the first circuit
represents the dielectric response of the biodiesel with capac-
itance 𝐶b (electrical dissipation) and resistance 𝑅b (resistiv-
ity), and the second circuit represents the corrosion process
occurring at the steel-biodiesel interface with capacitance of

the double layer electrochemical 𝐶dl and resistance to the
transfer of charge 𝑅ct.

Assuming this model, Figure 7 shows the evolution of
the electrochemical parameters obtained from the impedance
spectra. It can be observed that the 𝑅ct values are very big
for times lower than 18 hours, and these decreased by two
orders of magnitude due to an increase in the biodiesel
corrosivity. A similar trend is observed in the 𝑅b values; at
times less than 15 hours, the values were practically constant,
and at higher times a drop in the 𝑅b values was observed
due to the degradation of biodiesel. At the same time, the
𝐶dl values showed an inverse behavior; that is, the values
were small for low corrosion rates and increased up to
three orders of magnitude by increasing the corrosion rate
of stainless steel. It can be observed that the capacitance
values (𝐶b, 𝐶dl) are extremely small but congruent for highly
resistive electrolytes, such as biodiesel, and for materials with
high corrosion resistance in moisture-free electrolytes [20–
22, 58].

4. Conclusions

The use of agroindustrial by-products is an excellent source
for the synthesis of biodiesel with low carbon footprint. Due
to the low stability of the rice bran, its raw oil contains
a high amount of free fatty acids. For this reason, the
synthesis of the biodiesel was carried out in two stages,
namely, an esterification process of the free fatty acids and
a subsequent transesterification process of the triglycerides.
The physicochemical parameters determined for biodiesel
meet the requirements of international standards. Under
long-term storage conditions, biodiesel showed excellent
stability up to five months of storage; at longer storage times,
it shows a slight increase in its acidity index. The oxidative
stability of biodiesel was determined by a similar method to
the Rancimat method, using a two-electrode arrangement to
determine the variation of the open circuit potential between
the gold working electrode and the SCE. The proposed
method indicated that biodiesel has an excellent oxidative
stability; the values obtained were 23.6, 16.2, and 7.3 hours
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at 80, 110, and 140∘C, respectively. The corrosion tests of
biodiesel showed that its corrosiveness is only significant once
the oxidation products of biodiesel are formed.
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