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In the present research, we studied the corrosion resistance of commercial aluminum alloys exposed
to ethanol produced in the northeastern region of Argentina and to commercial ethanol as reference
medium. Electrochemical tests of potentiodynamic polarization and weight loss were performed by
immersion at temperatures below the boiling point of ethanol (25 °C, 40 °C and 50 °C). The results
showed that the increase in the corrosion rate of the alloys is directly proportional to the increase in
the temperature of the solution, and that the combined action of contaminants in the alcohol (water,
organic acids or aggressive ions) contributed to the increase in the aggressiveness of the environment.
Specifically, through the results of the gravimetric tests, corrosion products characteristic of the formation
of pitting corrosion and alkoxidation were observed. In contrast to the above, the existence of the
pitting corrosion mechanism was demonstrated by defining a pitting potential in the potentiodynamic

polarization curves.

Keywords: corrosion, aluminum alloys, ethanol.

1. Introduction

At present, considering the consequences of the dependence
on fossil fuels, their shortage, and the negative effects on the
environment caused by the use of petroleum products, it is
urgent to direct efforts to solve problems related to the world
energy system. Policies implemented in different countries
have encouraged initiatives to produce ethanol as an alternative
biofuel and a substitute for naphtha, through regulations that
allow cushioning the changes in demand and encouraging
the gradual growth of biofuel production, thus allowing the
adaptation in the markets and applying the replacement of
products and technologies'. The sustainability of ethanol in
Brazil, one of the most important producers and exporters of
ethanol in the world, faces challenges ranging from the socio-
political aspect as well as the economic and environmental
impact, concluding the analysis with the formulation of a
“Criterion of Sustainability” that promotes the adoption of
this bioproduct taking into account the regulatory conditions
imposed by the different markets as well as emphasizing
the changes necessary for its implementation in the current
global economy?. Farrell et al.>showed that the production
of bioethanol of vegetable origin is economically favorable
compared to the gasoline derived from petroleum, because
it can generate equal or lesser amounts of greenhouse gases,
but requires less quantity of fuels for its production. These
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authors also suggested that bioethanol of cellulosic origin can
generate even less greenhouse gases and uses less quantity of
fuels for its production, following the concept of biorefinery.
Today, in Argentina, the energy matrix, understood as the
percentage of combinations of the sources and technologies
used for the consumption of the inhabitants of a place, is
almost very dependent on hydrocarbons (35%on petroleum
and 52% on gas). This makes it essential to consider change
towards alternative energies, both because of its positive effects
(development of the agricultural sector, regional economic
growth, diversification of the country's energy matrix, etc.)
and because of the availability of natural resources and
developed technology*”.

The main source of ethanol in Argentina is through the
fermentation of sugarcane juice, a first generation biofuel.
The sugarcane sources of the country extend through the
Northwest region, where sugar mills with capacity for
production of hydrated and dehydrated ethanol are located,
and, to a lesser extent, through the Northeast region. It should
be noted that the possibility of achieving the progress of
new R & D projects is currently focused on biotechnology
for the development of second and third generation biofuel
production methods®.On the other hand, the substitution of
a product requires the adaptation of existing systems and
the evaluation of obsolescence or replacement, either by
the behavior of the product (biofuel) or the materials used.

Costa et al. and Cordeiro de Melo et al.”® have verified a
good performance of engines when using hydrated ethanol
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instead of gasoline, as well as a significant increase in the
efficiency of the engine and a decrease in the emission of
greenhouse gases. An important point to bear in mind when
selecting materials for the production, use and transport
of these biofuels, is the properties of the material against
corrosion. Many studies are carried out exposing metal
materials to media that are partly or totally composed of
bioethanol. It is assumed that the corrosion of metallic
materials in solutions with ethanol is divided into three
categories: i)general corrosion, which is attributed to the
existence of impurities, aggressive ions and the total acid
content (acetic acid), ii) wet or electrochemical corrosion
caused by water, which oxidizes most metals, and iii) dry
or chemical corrosion, which is due to the structure and
polarity of the molecule of ethanol’. Ethanol may contain
contaminants such as acetic acid, dissolved oxygen, chlorides,
sulphates, and metal ions, all of which derive from the
ethanol production process, especially from fermentation
and distillation. These contaminants can significantly modify
the mechanisms of corrosion, depending on the exposure
conditions, weather temperature, pressure or concentration
of contaminants'®'®. The conclusions about this vary with
respect to the experimental conditions proposed by each
author, but indicate that the effects of water and contaminant
ions as the main propellants of corrosion for metal/bioethanol
systems, and to a lesser extent the effect of the increase of
conductivity of the ethanol either by the water content or by
the generation of acetic acid by oxidation'*'¢.

Aluminum stands out as a versatile, low-density material
with a wide range of applications, with excellent mechanical
properties and excellent properties against corrosion, enhanced
by the addition of alloys such as silicon, magnesium and
copper. Reports from different laboratories and organizations'”!
point out those bioethanol producers recommend the use of
aluminum. Because most of these studies are focused on the
analysis of corrosion under conditions of use at temperatures
near the boiling point of ethanol, it is necessary to evaluate
the metals exposed to this biofuel at temperatures close to the
ambient temperature, achieving a significant approximation
to bioethanol production and handling conditions that are
not taken into account, such as storage and transport**2!.

The objective of this research was to evaluate the
corrosion resistance of commercial grade aluminum and
AA1050 alloy, when exposed to bioethanol from the
province of Misiones, Argentina, and to ethylic reference
media (anhydrous ethanol and 96°ethanol) under simulated
working conditions: ambient temperature (25°C), 40 °C and
50 °C in the presence of oxygen.

2. Experimental Procedure
For the tests, anhydrous (absolute) ethanol, commercial96%

ethanol(approx. 4% water in vol.) and commercial ethanol
from San Javier Industry, Misiones, Argentina (SJ ethanol)
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were used. The characterization of alcohols was carried out
based on the quality standards of biofuels, considering the
essays of low cost and greater importance®**. The density
and the content of ethanol were measured through a glass
density meter according to the NBR 5992standard®*. The
total acidity of SJ ethanol was quantified by titration with
sodium hydroxide (NaOH), according to the NBR 9866
and ASTM 1613standards*2¢. Conductivity and pH were
measured through an ADWA AD8000 conductivity meter,
adjusted to the NBR 10547 and ASTM D 1125 standards®”%,
Chloride ions (Cl') were quantified by measuring the
turbidity of the medium by adding 0.0IN silver nitrate (AgNO,)
in determined quantities and comparing these measurements
with a curve calibrated with standards. Table 1 show the
characteristics of the different ethanol media evaluated.
The materials tested were commercial grade aluminum
(as P0506 pure aluminum) and AA1050 alloy (called A11050
onwards), the composition of which is described in Table 2.
Potentiodynamic measurements in the different media
were carried out using a three-electrode electrochemical cell
and a Gamry Reference 600 potentiostat, with a potential
sweep speed of 0.16 mV/s, between -0.3V and + 1V, with
respect to the Open Circuit Potential, at ambient temperature
(25°C), 40°C and 50°C, using a reference electrode of Ag/
AgCl/KCl(sat). The corresponding electrochemical parameters
were then obtained through the application of the Tafel
extrapolation. Considering that the polarization resistance
(Rp, with unit of kQ.cm?) is defined as the slop (tangent) of
the potential vs. current density curve at Corrosion Potential
(E

corr 2

in V)according to equation (1), it was calculated
through the method of the least squares using the potential
and current points close to the corrosion potential.

_(dE
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In the same way, the Stern-Gray equation®(2) was applied

to obtain the corrosion current density (i, in pA.cm™),

corr”

correspondingly fitting the anodic (B,, in V) and cathodic
(B, in V) Tafel slopes,
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=S 3Bt B By P

And the equation deduced from Faraday’s Law (3)*

was used to calculate the corrosionrate (V__, in mm.year),

Viw =k =222« EW 3

Where £ is a conversion constant (3.27*10mm.g.uA".
cm.year'), p is the density of the alloy in g.cm™ and EW
is the equivalent weight of the alloy (in this equation is
considered dimensionless).

The ohmic drops produced by the low conductivity of the
medium were taken into account and corrected without the
addition of mediumelectrolytes®, from the measurement of
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Table 1. Characteristics of the three ethanolic solutions evaluated.

. Density at . Appearance Total acidity Conductivity Chloride content
Solutions 500 (kgm=) Alcoholicgrade by olor (Wt.%) (uS.cm™) pH (ppm)
Colorless.
Anhydrous Clean and
Ethanol 796.5 99.5 free of <0.003 <1.6 - <1.10
impurities
Colorless.
Ethanol Clean and
96% 810 96 free of <0.003 <3 6.5 <1.10
impurities
Colorless.
SJ Clean
Ethanol 812 92 with some 0.00169+0.00045 4.7+0.3 6.5 4.95
impurities
Table 2. Composition of the aluminum alloys evaluated.
Alloy wt% Si Fe Cu Mn Mg Zn Ti others Al
Commercial Min. - - - - - - - - -
aluminum Max. 0.05 0.06 - - - 0.01 - 0.08 Rem.
Min. - - - - - - - - -
Al1050
Max. 0.25 0.4 0.05 0.05 0.05 0.07 0.05 0.03 Rem.
the resistivity of the medium prior to each test (R inOhm  Electron Microscopy (SEM) and Energy-Dispersive X-Ray

average’

cm?),considering the spatial arrangement of the electrodes
in the cell and determining each potential by equation (4):

Ecm"re(‘ted = Emen,m’red + ian;e'rage (4)

Where E

measured

and / are correspondingly the potential
(in V) and the current density (in pA.cm™) measured in
the potentiostat, and E

corrected

is the potential corrected(in
V) by the application of the previous formula. This allows
compensating the ohmic drop generated by ethanol at each
potential point measured.

The weight loss tests were carried out according to
ASTM G31 standard®!, with specimens being constructed
of materials with a thickness of 1 mm and a width/length
ratio of approximately 1/2, and also with a perforation in
the upper zone to achieve the suspension with nylon threads
within the corrosive medium (Figure 1 a). Said specimens
were immersed in SJ ethanol in specially prepared containers
(Figure 1.b), for a period of 16 days at 25°C, 40°C and at 50°C,
at a volume/area ratio of the specimen of 0.2 mL.mm™ (see
Figure 1).The evaporation of the medium was periodically
monitored, and if a decrease of 1% of the original volume
was identified, it would proceed to the addition of alcoholic
solution, as specified by the ASTM G31 standard®'. After
this immersion time, the specimens were removed from
the containers for visual analysis, and then washed in an
ultrasonic bath and air-dried.

After the weight loss essays, the specimens were
analyzed through a metallurgical microscope, Scanning

Spectroscopy (EDX).

3. Results and Discussion

3.1 Potentiodynamic polarization

By analyzing the curves for commercial grade aluminum
immersed in anhydrous ethanol and 96% ethanol at the three
temperatures evaluated (Figure 2 and 3 respectively), it can be
seen that they are similar in shape. In both cases, they show
a gradual dissolution of the metal, with an elevated slope
of the anodic branch (in comparison with those obtained in
aqueous media), a behavior that is characteristic of alcoholic
media'®?3, Tt is notable that the addition of water to the
alcoholic medium (4% by volume) significantly increases the
slopes of the anodic branches of the curves of the material
in the three temperatures, but on the other hand an increase
in the values of the £ is observed, that agrees with Totten
and MacKenzie®. Table 3 shows that, for these two media
(anhydrous ethanol and 96% ethanol), the £ _was higher at
40°Cthan at 50 °C, possibly due to the change in structure of
the oxide layer formed on the surface of the metal**. However,
the i described an increase as the temperature increased,
correspondingly decreasing the R, possibly due to the
temperature activation of the electrochemical reactions®*%.

When the metal was exposed to SJ ethanol, the curves
changed their shape drastically (Figure4), describing a
characteristic electrochemical behavior of aqueous alloys
subjected to aqueous solutions with aggressive ions dissolved
therein, identifying a very small pseudopassivation zone,



Figure 1. (a) Test pieces for weight loss assays. (b)
Container for testing of weight loss and disposition
of the test pieces.
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Figure 2. Potentiodynamic polarization curves for commercial
grade aluminum (Al) and Al 1050 alloy in anhydrous ethanol at
25°C, 40°C and 50°C.

Figure 3. Potentiodynamic polarization curves for commercial
grade aluminum (Al) and Al 1050 alloy in 96% ethanol at 25°C,
40°C and 50°C.

followed by the tripping of the current defining a pitting
potential. This may be the effect of the joint action of different
corrosion mechanisms, that is, the presence of water and
contaminants, such as organic acids and aggressive ions
dissolved in the medium. In addition to the dissolution by
reaction with water and by the formation of alkoxides®, is
added the phenomenon of formation of a resistive layer of
products on the metal surface and subsequent embrittlement
thereof, and localized attack on the material'®'3.

The values of i increased significantly and in function
with the increase in temperature. Consequently, the R value
decreased (Table 3).

The results obtained from the potentiodynamic
polarization tests for the Al 1050 alloy (in the different
media and at the different temperatures evaluated) are also
shown in Figure 2, 3 and 4,and the corresponding Tafel
extrapolation results are shown in the Table 4. By analyzing
these data, differences are observed between the curves and
the values of the electrochemical parameters with respect
to the commercial grade aluminum. These differences are
denoted in the potentiodynamic curves of the Al 1050
alloy immersed in anhydrous ethanol, where the value of
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Table 3. Electrochemical parameters obtained through extrapolation of Tafel for commercial grade aluminum.

Alloy Ethanol Temp. (°C) E_ (mV) R (kQ.cm?) i (nA.cm?) ch(mlm-
corr P corr year)
25 -934.00 120.671 0.180 0.0020
SJ 40 -963.00 73.472 0322 0.0035

50 991.00 53.068 0372 0.0041
25 -899.83 378.617 0.057 0.0006

Commercial 96% 40 -813.26 242372 0.090 0.0010

Aluminum
50 -946.34 202.983 0.107 0.0012
25 -970.05 532.879 0.041 0.0004

Anhydrous 40 -904.21 451.840 0.048 0.0005

50 -1017.46 152.879 0.142 0.0015

E, . remained constant even as the temperature increased,
and the increase in 7, was less abrupt than in the case of
commercial grade aluminum (Figure 2 and Table 4).In
the case of 96%ethanol, the water content of the medium
increased the values of the E  as the temperature increased,
but on the other hand, the i increased in comparison with
the case of anhydrous alcohol, possibly due to the corrosion

mechanisms activated by the temperature?

738, by the water
content, and also by the formation of oxides of the alloying
materials that are incompatible with the oxides of the matrix
material, promoting the dissolution of the material***!.

The behavior of the Al 1050 alloy in SJ ethanol was
slightly better than that of commercial grade aluminum,
except that the value of £, decreases significantly when
the temperature reaches 40°C and then increases, and also
that the R, decreased more significantly from 40°C to
50°C in this media, increasing in the same way the i and
correspondingly the V. Likewise, the results show that the
Al11050 alloy demonstrates greater stability in the medium
at 40°C compared to commercial grade aluminum, but they
are similar in performance at 50°C. Even so, the values of
R, of the A11050 alloy in SJ ethanol were lower than those
obtained in the other media (anhydrous ethanol and 96%
ethanol), showing once again the joint action of aggressive
ions, aqueous solution and alkoxidation as mechanisms of
corrosion.

3.2 Gravimetry

After 16 days of immersion in SJ ethanol at three
temperatures (25 °C, 40 °C and 50 °C), the specimens
showed corrosion products, especially in the form of pitting
(Figure 5). According to Parket al., the presence of ethanol
can dehydrate the passive film formed on the alloys and thus
promote the formation of cracks in the oxide layer”. In the
presence of water, organic acids and aggressive ions in the
medium promote the formation of corrosion by pitting, in
agreement with the results obtained in the weight loss tests.

Figure 6 shows the mass losses of aluminum alloys in
ethanol SJ at different temperatures after 16 days of immersion.

Figure 4. Potentiodynamic polarization curves for commercial
grade aluminum (Al) and Al 1050 alloy in SJ ethanol at 25°C,
40°C and 50°C.

The values of mass loss obtained are significantly lower
than those proposed by Parket al., at higher temperatures
(above 60°C) for other aluminum-based alloys, which exceed
0.5 mg.cm? loss of material®’.

The loss of mass for the commercial grade aluminum is
directly proportional to the increase in temperature, maintaining
constant the slope of the curve. For the A11050 alloy, the
increase in temperature to 40°C has a slope similar to that
obtained for the aluminum of commercial purity, but when
increasing the temperature from 40°C to 50°C, a decrease
in the slope is noted. This being produced by the effect of
the alloying agents, that is by the formation of thermally
stable corrosion products that achieve the inhibition of the
dissolution of the material in the medium?**#° (Figure 6).

According to the analysis of EDX carried out in the areas
adjacent to the pits (Figure 7), and in agreement with Park
et al¥’, the formation of a homogeneous layer of hydrated
aluminum oxide surrounding the pit was identified, and which
dehydrates and cracks when it approaches to the pit, forming
a front of dehydrated oxide that exposes the matrix material.
According to Pourbaix*?, aluminum exposed to an aqueous
medium containing aggressive ions (Cl in this case) can form
hydrated and dehydrated aluminum oxides, in addition to
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Table 4. Electrochemical parameters obtained through extrapolation of Tafel for alloy Al 1050.

Alloy Ethanol Temp. (°C) E_ (mV) Rp(kQ.cmz) i, (MA.cm™) V,,.(mm.year?)
25 -993.00 167.544 0.155 0.0017
SJ 40 -1104.81 136.188 0.191 0.0021
50 -953.00 54.252 0.267 0.0029
25 -953.31 516.950 0.042 0.0005
Al1050 96% 40 -841.27 225.527 0.096 0.0010
50 -848.08 147.123 0.148 0.0016
25 -1030.70 581.766 0.039 0.0004
Anhydrous 40 -1054.77 412.537 0.055 0.0006
50 -1014.82 313.889 0.069 0.0008

Figure 5. (a) Commercial aluminum in ethanol
SJ a 40°C after 16 days of immersion. (b) Al
1050 in SJ ethanol at 50°C after 16 days of

immersion.

Figure 6 . Weight loss of aluminum alloys after 16 days of immersion
in SJ ethanol at different temperatures.

characteristic corrosion products such as aluminum hydroxide
(proper of the result of a pitting corrosion mechanism).he
results of EDX showed the presence of carbon (C), which
could indicate the presence of compounds such as aluminum
alkoxide (A1 (C,H,0),), allegedly as a product of alkoxidation,
according to possible reactions for aluminum exposure in
ethanol?'*, and furthermore, signs of the presence of chlorine
were identified through the same technique, possibly due
to the existence of chlorinated compounds adsorbed on the
metal surface.

3.3 Pitting corrosion analysis

When the formation of pitting was observed, because
of the exposure of metals to SJ ethanol, the ASTM G46
standard was applied*. This standard states that when this
type of corrosion is detected on the test specimens tested for
weight loss, the phenomenon must be described according
to the characteristics of the pitting in the test pieces.

In this way, the density of the bites on the surfaces of the
samples was quantified and the depths thereof were measured
taking into account their morphologies below the surface.

The pitting density is defined as the number of pit units
formed per cm? of test piece surface. The results of this
analysis are shown in Table 5, where the alloys immersed in
SJ ethanol for 16 days at different temperatures are compared.
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Figure 7. SEM and EDX at different points on the surfaces of the materials after the gravimetric tests.

These results show that, for the case of the commercial  the pitting density increased only until 40°C, and then
grade aluminum, the pitting density increased slightly as  decreased when reaching 50°C. The latter is possibly due
the temperature increased, whereas for the Al 1050 alloy,  to interference between mechanisms of corrosion, to form
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corrosion products that are more stable at higher temperatures
and less soluble in the organic medium, thus inhibiting the
corrosion by pitting in this case.

The penetration of the metal by corrosion can be expressed
by the depth of pitting, or the average depth, and by the
pitting factor, which is given according to the equation(5):

_ Greater depth of pitting

Pitting Factor = Average pitiing Q)

Because the pits can have various sizes and shapes, a
cross section of the pits was made to see its real shape and
determine its true depth (Figure 8).

The depth of the pits was determined with the method
proposed by the ASTM G46 standard* and using a metallurgical
microscope. The results obtained are shown in Table 6.

The values of the depths and of the pitting factors have
direct incidence on the mechanical properties of the material,
taking into account the application and theconditions to which
this material will be subjected, being of special interest when
forming a container containing fluids. This is the case of
materials that are intendedfor the construction of equipment
for the handling of ethanol.

The results in Table 6 show that, according to the pitting
factor, in all cases, the values obtained were greater than
unity, thus confirming the corrosion in the form of pitting
and not a corrosion in general form (pitting factor equal to
the unit). On the other hand, the average pitting depths for
both alloys increased proportionally with the temperature
increase, but in no case exceeded 0.2 mm (200 um), which
relatively represents a low depth value (according to ASTM
G46 standard*).Even so, the rigor of this type of attack on
the material is completely defined, subjecting it to the efforts
of the working conditions. According to Song and Liu*!,
by exposing a metallic material in a medium composed of
ethyl alcohol plus water (from 4% to 8% w/w water) and
considering the existence of contaminants such as organic
acids (acetic acid) and aggressive ions (Cl’), the possible
anodic and cathodic reactions would be:

Anodic reactions (equation (6) and (7)):

Al(s) - Al+3(dissol7:ed) + 36 (6)

Al + Cl issowesy = AlCl; )+ 3e @)

According to Seri and Kido*due to the presence of
chloride ions dissolved in the medium.

Cathodic reactions (equation (8) to (10)):
3CH,CH,OH)+ 3¢ — 3CH;CH> O wisoee + 5 Ha(y (8)
2H,00+2e = 20H +2H"+ 2¢ —
20H7(d7:380hl{3(i) + H2 (9)

©
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Table 5. Pitting density for alloys at different temperatures after
16 days of immersion in SJ ethanol, in pits per cm? (average * ).

Temperature (°C)

Alloy

25 40 50
Commercial aluminum 10+3.8 1542.2 16+£3.6
Al1050 10+4.7 17£3.1 3+1

Figure 8. Pit morphology of the Al 1050 alloy specimen: Cross-
sectional view of the pit.

20H3CHOOE1) + 26 = QCHg COOi(dissol'L'ed) + (10)
2H+ + 26 — 2CH3 COOi(llissolUBd) + 2H2(_(])

The potentiodynamic tests of the alloys in SJ ethanol
showed the existence of a pseudopassivation zone, which
suggests the formation of a resistive layer. If the formation
reaction of this layer were due to the existence of water only
in the medium, such phenomenon would be corroborated in
the polarization curves in 96 % ethanol. Since this is not the
case, the results may indicate the adsorption of corrosion
products (according to previous reactions) on the material.
Some of these corrosion products were identified qualitatively
by EDX analysis, which would be hydroxides, oxides, as
well as carbon compounds, such as alkoxides (insoluble
in ethanol) and acetates (water soluble). The reduction of
the corrosion resistance of the alloys in SJ ethanol when
the temperature varies would be directly related both to
the structure of the oxide layer of the material®® and to the
stability of these corrosion products on the layer.

Forged alloys of the 1XXX commercial series have
high corrosion resistance in different media, but this quality
decreases with the increasing amount of alloying elements
in the matrix*. Table 2 shows that the most abundant alloys
are iron and silicon. Part of the silicon may be present in
solid solution, while the iron along with the silicon may
form part of the secondary phases (present in the form of
Al Fe and Al Fe,Si), which have nobler potentials than
aluminum (i.e., more cathodic than aluminum)**#, which
was corroborated with the signals in the EDX analyzes
close to the pits (Figures 6), and also by means of an EDX
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Table 6. Depth of pits for alloys at different temperatures after 16 days of immersion in S J ethanol.

Temperature
Alloy
25 40 50
Maxngnum A.verage Pitting Max1.mum A?verage Pitting Max1.mum A.verage Pitting
pit Pit depth factor pit Pit depth factor pit Pit depth factor

depth(um)  (um) depth(um)  (um) depth(um)  (um)
Commercial 135 85.85 157 190 12 17 170 127 133
aluminum
Al1050 180 114 1.57 165 111 1.48 190 157 1.21

mapping analysis on the metal samples before the corrosion
tests (see Figures 9 and 10).

In addition, when secondary phase particles are present
on the surface, passive layers may not form on them or they
can modify the layer composition on areas surrounding the
particle, then localized stacks or aggressive ion deposition
may occur.

The phenomena described above reinforce the assumption
that the predominant mechanism by which the materials
studied dissolves is by pitting corrosion. The pitting corrosion
must be developed in a medium with sufficient conductivity
so that it can allow the movement of charged species, and
in this case, the presence of water in ethanol ensures this

condition. Another condition necessary for the occurrence of
pitting corrosion is the existence of an aggressive ion, in this
case the ion Cl, whose quantities are indicated in Table 1.

The supposed and proposed reactions and mechanisms
are outlined in Figure 11.

The aluminum hydroxide (Al(OH),) compound deposited
in the vicinity of the pitting can be observed in the samples
obtained by immersion (Figure 4). This compound has low
solubility in aqueous solution and in ethanol.

Briefly, the analysis by comparing the bibliographies
used and the results obtained converge to the explanation of
amore complex corrosion phenomenon, which is manifested

Figure 9. SEM and EDX mapping on commercial aluminum alloy before corrosion tests. The brightness indicates the intensity of the

signal of the corresponding element.
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Figure 10. SEM and EDX mapping on Al 1050 alloy before corrosion tests. The brightness indicates the intensity of the signal of the

corresponding element.
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Figure 11. Mechanisms of dissolution of an aluminum alloy exposed to a medium composed of ethanol and contaminants such as aggressive
ions, organic acids and water, according to the proposed mechanisms and references cited in the reactions.

through several mechanisms that together form a combined
attack on the material.

4. Conclusions

The alloys proposed for the management of bioethanol
ofregional origin (ethanol SJ) were evaluated satisfactorily
with an electrochemical method and a gravimetric method,
and allowed to obtain the following conclusions:

Electrochemical tests in reference media (anhydrous
ethanol and 96% ethanol) and in SJ ethanol, at

different temperatures, allowed us to understand
the action of the contaminants that may exist in
bioethanol and its activation with temperature,
reflected in the change of the shapes of the
potentiodynamic curves and in the change of the
electrochemical parameters obtained. Additionally,
it was found that the A11050 alloy showed greater
polarization resistance and lower corrosion current
than commercial grade aluminum, at 25°C and 40°C
in all proposed media, being similar in behavior
for the temperature of 50°C.
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e The gravimetric tests allowed corroborating the
formation of pitting corrosion and the formation
of different corrosion products on the pitting. The
evaluation of the pitting according to the implemented
standard indicates that the obtained values are
relatively low (depth of pitting, pitting factor) but
still can be the means of propagation of fissures
if the material is subjected to determined efforts.

e In comparative form, Al11050 alloy presented a
better resistance to corrosion up to 40°C, but its
behavior was similar to that of commercial grade
aluminum at 50°C in SJ ethanol. However, beyond
the economic benefit represented by the use of a
more economic alloy, it is necessary to evaluate it
subjecting it to specific working conditions.
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