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ABSTRACT

Tannins have been used to replace chromate in wash-primers as a temporary (“in transit”) protection for metals. In the present work, the anticorrosive properties of
“quebracho colorado” tannins were tested in water solution and in wash primers to protect aluminum alloy 1050. Polarization curves (linear and Tafel) and corrosion
potential measurements were done on the alloy in contact with different concentrations of the tannin. A tannin wash primer was prepared and coated panels were
tested in 100% humidity chamber (ASTM D 2247) and by electrochemical techniques (linear polarization curves, corrosion potentials and ionic resistances).
Chromate and talc primers as well as no-coated aluminum alloy were also tested, as control, to compare the results.

1. Introduction

“Quebracho colorado chaqueno” (Schinopsis balansae) and “queb-
racho colorado santiagueno”(Schinopsis lorentzii) are trees of the
Anacardiaceas family native from the Gran Chaco region of Argentina,
Paraguay and Bolivia, in South America [1]. “Quebracho colorado” is
very appreciated for its hard, heavy, strong wood and its high content of
tannins [2,3]. These tannins have been widely used around the world
for the industrial production of leather [4].“Quebracho colorado” tan-
nins are a complex combination of polyphenols obtained by extraction
from the trees heartwood [5]. These are condensed tannins (proan-
thocyanidins) of the profisetinidine type [6-10], which are constituted
by units of the flavan-3,4-diol leucofisetinidin [1,11]. The natural,
common or ordinary extract is obtained by direct extraction of queb-
racho wood with boiling water. This extraction causes the hydrolysis of
heterocyclic rings, which results in the formation of condensation
products called phlobaphenes or red tannins, which are soluble in hot
water, but hardly soluble in cold water [7,12]. To obtain cold-soluble
quebracho extracts, it is necessary to submit the ordinary extract to a
sulphitation process that transforms the phlobaphenes into completely
soluble tannins [1,13]. The cold-water-soluble quebracho extracts are
the most known and used types of quebracho extracts.

During the last decades, research on the alternative uses of tannins
allowed its incorporation in a growing number of applications. Tannins
can retard the corrosion reactions of metals by adsorbing on their
surfaces through the electron rich oxygen atoms in their structures [14],
so the application of tannins in corrosion studies has been widely

investigated [15]. Most corrosion researches of tannins involve their
anticorrosive properties on steel [16] or as rust converters [17-19].
Some researchers worked on tannin solution [20-24] or with natural
extracts containing tannins [25] or in anticorrosive primers
[17,21,26-30] and paints [28,31] to protect steel.

Similarly, many researchers have studied tannins from different
sources as green inhibitors for aluminum alloys. Mimosa tannins were
studied as an inhibitor on the corrosion of AA6060 aluminum alloy in
acid rain solution [32] while Acacia mearnsii tannin was studied on
AA7075-T6 in 0.1 M HCI solution [33] and on AA1200 in 3.5% NaCl
solution [34]. Yahya investigated the ability of Rhizophora apiculata
tannins to minimize the corrosion rate of Al alloys in NaCl solutions
[35]. Likewise, Nnaji studied the red onion (Allium cepa) skin tannin
and the cashew nut (Anacardium occidentale) testa tannin as corrosion
inhibitors of aluminum in hydrochloric acid solutions [36,37]. How-
ever, there are no reports in the literature about the anticorrosive action
of quebracho tannins on aluminum alloys.

In the present work, the anticorrosive properties of different sus-
pensions of “quebracho colorado” tannins extract on 1050 aluminum
alloy were first analyzed, and then the extract was used in the for-
mulation of an anticorrosive primer (temporary protection [38]). This
work constitutes, therefore, the first study reported on the use of
“quebracho colorado” tannins as corrosion inhibitors of aluminum and
its application in temporary protective coatings on this metal.
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2. Experimental
2.1. Characterization of the “quebracho colorado” extract

2.1.1. Generdlities

The commercial cold-water-soluble extract UNITAN ATO was used
as quebracho tannin source. This product is a dry spray of “quebracho
colorado” wood extract (Schinopsis balansae / lorentzii), treated with
sodium bisulphite. It is a fine and homogeneous reddish brown powder,
which according to the manufacturer [39] has 72 + 2% tannins, de-
termined by the official method of the Society of Leather Technologists
and Chemists [40], 20 + 1% non-tannin compounds, 8 * 0.5% hu-
midity and 0.2% insoluble compounds.

The pH of a 0.5% w/v quebracho extract suspension was de-
termined with a portable pH meter CONSORT P500.

2.1.2. Total soluble polyphenols

The Folin-Denis method was used for analyzing total soluble poly-
phenols present in the quebracho extract [26,41,42]. The quebracho
extract was dissolved in water at 20 °C (0.5 g in 100 mL), left to equi-
librate for 24 at 300 rpm and then filtered by filter paper Schleicher &
Schuell 589 medium pore. The supernatant was diluted 1/100 and used
to determine soluble polyphenols. Folin-Denis reagent was prepared by
dissolving 10.0 g of sodium tungstate (Na;WO42H,0), 2.0 g of phos-
phomolybdic acid (H3P(Mo3010)4H>0) and 5.0 mL H3PO, in 80 mL of
deionized water, at boiling temperature. After cooling, the final volume
was adjusted to 100 mL. Tannic acid was used as the standard for
polyphenols. Standard solutions of tannic acid, containing 1.0, 2.0, 4.0,
5.0, 6.0, 7.0 and 10.0 ppm, were prepared from a stock solution. The
tannic acid solution was mixed with 2.0 mL of saturated Na,CO5 solu-
tion and 2.0 mL of the Folin-Denis reagent; then, the final volume was
adjusted to 25.0 mL with distilled water. The reaction was completed
after 15 min, and absorbance measurements were performed at 750 nm
using a Spectrum SP 2000 UV spectrophotometer. The total phenols
were estimated as tannic acid equivalent.

2.1.3. FTIR spectrum

The commercial extract was characterized by Fourier Transform
Infrared Spectroscopy (FTIR). The extract was thoroughly mixed with
KBr, pressed into a pellet and the FTIR spectrum was then recorded by a
Perkin Elmer Spectrum One Spectrometer within the range of 450 and
4000 cm ™! wave number. A resolution of 4cm ™" with 12 scans was
used.

2.2. Study of the anticorrosive properties of the “quebracho colorado”
extract

The electrochemical evaluation of the quebracho extract inhibitory
capacity was carried out through the study of polarization curves,
corrosion potential measurements (Ec) and corrosion current density
(Ic) determination by means of linear polarization tests.

2.2.1. Preparation of the substrate

Commercially pure aluminum 1050 cylindrical electrodes were used
as working electrodes. Just before immersion, the electrodes were
sanded successively with 220, 320, 360 and 600 grain size wet emery
paper. The electrodes were immersed in different quebracho extract
suspensions (0.005, 0.01, 0.05, 0.1, 0.3 and 0.5% w/v) in 0.1 M NaCl,
stirred at 300 rpm. For polarization studies, a set of three Al electrodes
were used for each exposure time, and mean values are presented.

2.2.2. Linear polarization curves

Linear polarization tests [43] were carried out at 2, 5 and 24 h with
a Gamry Interface 1000 potentiostat, selecting a scanning range of +
20mV from the open circuit potential and using a scanning rate of
0.25mV-s . The cell used consisted of a 1050 aluminum electrode of
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0.28 cm? exposed area, a Pt electrode as a counter electrode and satu-
rated calomel electrode (SCE) as reference. Ic was determined by the
software Gamry Echem Analyst Version 6.33. The inhibition efficiency
IE was calculated according to the following equation [33,36]:

Ip-1
=-2".100
Io @
where I, indicates the Ic of the blank, that is, aluminum immersed in
0.1 M NaCl solution without extract addition, while I is the Ic of the
metal in the corresponding quebracho extract suspensions.

1IE

2.2.3. Potentiodynamic polarization curves

The potentiodynamic polarization curves at 2 and 24h were ob-
tained using a cell identical to the one described above, using a po-
tential range of + 250 mV from the open circuit potential and a scan-
ning rate of 1mVs~!. Anodic and cathodic Tafel slopes were

determined from these E-log I curves.

2.2.4. Corrosion potential measurements

The corrosion potential was measured every 10 min for 4 h using an
aluminum 1050 electrode of 1.33 cm? area and an SCE as reference.
Once the Ec determination tests were completed, the immersed extreme
of the electrode was cut to study the exposed surface by scanning
electron microscopy (SEM), and its composition was determined by
means energy dispersive X-ray microanalysis (EDS). The equipment
used was a Philips SEM 505 microscope and an EDAX DX PRIME 10
energy dispersive micro-analyzer.

2.3. Formulation, preparation and application of an anticorrosive primer
based on quebracho extract

A primer based on quebracho extract (TQ primer) was developed
and its anticorrosive efficiency was compared with a primer that pos-
sesses zinc tetroxychromate (SNCZ provided by) as anticorrosive pig-
ment (CR primer) and with another in which the anticorrosive pigment
is replaced by talc (TAL primer).

The primers (Table 1) were formulated by a two-pack system, A and
B, which are stored separately and mixed (4 parts of A and 1 part of B,
by weight), immediately before application. Part A includes the antic-
orrosive pigment (quebracho extract or zinc tetroxychromate), the filler
(talc), the prime pigment (carbon black), the resin (film-forming ma-
terial, in this case Butvar® B-76, a thermoplastic polyvinyl butyral
resin), the organic solvents to adjust the viscosity (isopropanol and 1-
butanol) and water, while part B contains isopropanol, water and

Table 1

Formulation of the different tested primers.
PART A
Component % volume

TQ CR TAL

Polyvinylbutyral resin 8.18 8.18 8.18
Pigment 2.21 2.21 -
Talc 0.47 0.47 2.68
Carbon black 0.05 0.05 0.05
1-butanol 22.89 22.89 22.89
Isopropanol 64.06 64.06 64.06
Water 2.14 2.14 2.14
PVC 0.22 0.22 0.22
PART B
Component % volume
Phosphoric acid (85%) 9.0
Water 15.2
Isopropanol 75.8

PVC Pigment volume concentration.
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Carbon black

\ 1-Butanol Isopropanol Water }
Ballmil24h Part A
4 parts
Phosphoric acid
Isopropanol Mix Part B Primer
1 part
Water

Fig. 1. Flow chart of paint preparation.

phosphoric acid, being the last one essential to provide good adhesion
to the substrate (Fig. 1).

A set of AA 1050 panels (75 X 75x1mm) was degreased with
isopropanol and coated with the primers, by brush, up to a dry film
thickness of 8 + 2pum. The film thickness was measured with a Schwyz
SC117-02 Coating Thickness Gauge. Then they are cured for 5 days at
20 + 2°C and 70% RH.

2.4. Evaluation of the coated panels

2.4.1. Humidity chamber

A set of three of each type of coated panels was placed in the hu-
midity chamber (ASTM D 2247) [44] in order to evaluate the adhesion
(ASTM D 3359) [45], the blistering degree (ASTM D 714) [46] and the
eventual presence of corrosion along time. For this last, we use the
visual corrosion classification scale of aluminum that is specified in
Table 2 [47]. After humidity chamber exposure, the film of the coated
panels was removed mechanically with a lab spatula and the surface
was analyzed by scanning electron microscopy coupled to energy-dis-
persive X-ray spectroscopy (SEM-EDS).

2.4.2. Electrochemical tests

Electrochemical assessment of coated panels was carried out by
means of D.C. electrochemical techniques. The employment of these
techniques was justified by the low ionic resistance of the primer film
[48,49].

Electrochemical tests were done on cells obtained by fixing a cy-
linder, 2 cm diameter, on the painted specimen and filled with 0.1 M
sodium chloride as electrolyte. The ionic resistance (Ri) was calculated
from conductivity (Ci) as

Ri=Ci"' (2

Table 2
Visual classification scale of aluminum corrosion.

Classification Description

No appreciable attack (N) There is no appreciable attack; the surface may be
discolored

Discrete pits

Presence of corrosion filaments

Fairly uniform corrosion with accumulation of
powdery corrosion products

Visible metal separation in layers

Pitting (P)
Filiform (F)
General (G)

Exfoliation (E)

Ci measurements were done using a Pt counter electrode and an ATI
ORION model 170 conductimeter which operates at 1000 Hz. The po-
larization resistance without IR compensation (Rp) was determined by
the linear polarization technique ( + 20 mV from open circuit potential,
scan rate 1mV-s~!) with a Gamry Interface 1000 potentiostate, em-
ploying a typical three electrodes cell, with a Pt counter electrode and a
SCE as reference. For corrosion potential (Ec) measurements the SCE
was used as reference.

Tests were done by triplicate.

3. Results and discussion
3.1. Characterization of the “quebracho colorado” extract

3.1.1. Generalities
The pH of a 0.5% w/v suspension of the extract was 4.4, value that
is within the range provided by the manufacturer [39].

3.1.2. Total soluble polyphenols

The absorbance of the extract solution, using the Folin-Denis
method, was 0.22; then, considering the calibration curve obtained for
the absorbance determination with Folin-Denis reactant and the dilu-
tion prepared, the content of total soluble polyphenols was 3.74 ppm,
corresponding to 75 mg of tannic acid per gram of extract.

3.1.3. FTIR spectrum

The FTIR spectrum of the “quebracho colorado” extract is showed
on Fig. 2, and the assignment of each band is resumed on Table 3
[6,50-54]. The 1283 cm ™! strong band is a characteristic feature for
the flavonoid-based tannins, and can be assigned to the ethereal C—O
asymmetric stretching vibration arising from the pyran-derived ring
structure of this class of tannins. The typical strong band at 1731-
1704 cm ™! of hydrolysable tannins [6,51], assigned to the stretching
vibration of the carbonyl function, is not present, confirming that the
tannin belongs to the non-condensable family.

3.2. Study of the anticorrosive properties of the “quebracho colorado”
extract

The inhibition efficiency along time of the “quebracho colorado”
extract suspensions is shown on Fig. 3. The inhibition efficiency, cal-
culated from corrosion currents (Ic, Table 4), increases with the
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Fig. 2. FTIR spectrum of the “quebracho colorado” extract.

Table 3
Assignments of the FTIR bands in the “quebracho colorado” extract.

Band (em™1) Assignment
774 C-H deformation out of plane
810
970 C-O stretching of the multiple hydroxyl groups
1040
1115 C-H deformation in plane
1283 C-O stretching of the heterocyclic ring of the flavonoids that
1384 constitute the polymer structure of condensed tannins
1445 stretching of C = C- aromatic groups
1523
1609
3000-3600 Sum of different vibrational bands of -OH groups
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Fig. 3. Inhibition efficiency (IE) as function of time for the “quebracho col-
orado” extract suspensions.

concentration of the extract until reaching a maximum (95-99%) with
the 0.1% suspension, then decreasing as the concentration increases.
Potentiodynamic polarization curves for AA 1050 immersed 2h in
the “quebracho colorado” extract suspensions in NaCl 0.1 M can be seen
in Fig. 4. A decrease in both anodic and cathodic branch is observed.
This mixed inhibition is consistent with the mechanism of film forma-
tion that is characteristic of many organic inhibitors, where a hydro-
phobic protective film is formed on the surface that blocks both anodic
and cathodic areas [35,55]. In aerated solutions the cathodic reaction is
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Table 4

Kinetics parameters of corrosion obtained by linear polarization and Tafel ex-
trapolation tests on aluminum 1050 exposed 2 h to different quebracho extract
suspensions in NaCl 0.1 M.

Quebracho extract Linear Potentiodynamic polarization curves
concentration polarization tests (Tafel)
(% w/v)

I (A/em?) -bg (mV)  by(mV) I (A/em?)
0 5.7107° 625 71 5.7107°
0.005 3.9107° 625 56 1.910°°
0.01 2.9107° 625 53 1.1107°
0.05 3.610°° 500 45 4.110°°
0.1 2.5107° 667 48 8.9107°
0.3 3.810°° 588 56 1.7107°
0.5 6.510°° 769 59 2.410°°

dominated by the diffusion and the reduction of dissolved oxygen [56],
so the organic film slows down this process. In Fig. 4 it is observed that
the cathodic current density decreases as the extract concentration in-
creases, until reaching a minimum for the 0.05% concentration; then
the current density increases with the increase in concentration. In NaCl
solutions the anodic reaction is the dissolution of aluminum catalyzed
by Cl~ ions as no passive film can be formed in this aggressive media
[43,57]. In the presence of tannins, the film formed on Al would in-
terfere with both the adsorption of Cl- ions and the diffusion of AI®*
ions from the metal surface to the bulk solution [58]. It can be seen in
Fig. 4 that the anodic current density has a similar tendency than the
cathodic branch, reaching a minimum for the 0.05% concentration.
Besides, the cathodic reaction (reduction of O,) has a diffusion control,
while the aluminum dissolution is activation-controlled [43]. In Fig.4 is
also clear that although the corrosion current varies with tannin con-
centration, Tafel slops are similar. Moreover, no passive region was
observed indicating that the protection is due to the accumulation of
tannin at the alloy / solution interface or its adsorption on the surface
[35].

As the cathodic reaction is O, reduction, OH™ are formed during
cathodic polarization and pH changes occurred on the electrode surface
during cathodic polarization [59].

The cathodic Tafel slopes cannot be determined as the kinetics of
the reaction is control by diffusion; however, the slopes of the curves
(bgq) were obtained between -50 to —250 mV and the corrosion current
density (Ic) was determined as the diffusion current density [59].

In the curves, it can also be seen that at low anodic overpotential the
Tafel relationship is followed, showing that anodic reaction is activa-
tion-controlled, but at higher anodic overvoltage a limiting diffusion
current appears on the anodic polarization curves showing that at
higher current densities, the transport of ions towards the electrode
surface becomes the rate-determining step (concentration polarization)
[43]. The corresponding Tafel parameters (Table 4) were obtained
employing polarization data near the corrosion potential (between
50-100 mV in the anodic curves).

Polarization curves after 24 h of immersion (Fig. I, Supplementary
data) show an almost complete loss of cathodic inhibition and a not so
marked decrease in anodic current density, especially for higher tannin
concentration. This may be due to two effects, the films became more
permeable to oxygen and chloride ions and the reaction of O, alkali-
nized the cathodic sites producing a less effective interaction between
Al and tannin [24,35,36].

A difference was observed between the open circuit potential (OCP)
and the corrosion potential (Ec) obtained by Tafel curves (AE ~
30 mV). These differences may be due to the disturbance of the char-
ging current [60,61]. Besides this difference results in an asymmetric
overvoltage as + 250 mV was applied from OCP and n was calculated
as

n=E — Ec 3
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Fig. 4. Potentiodynamic polarization curves for Al 1050 immersed 2h in the “quebracho colorado” extract suspensions.

being 1 the overpotential, E the applied potential and Ec the corrosion
potential.

Fig. 5 shows the variation of the corrosion potential as a function of
time for the different extract concentrations. During the first 30 min,
AA1050 immersed in the tannin suspensions had more negative po-
tential values than those of the blank test, without a clear dependence
on the concentration. These negative values, which indicate an active
metallic surface, moves towards more positive ones as the film forma-
tion takes place [62]. After 90 min and until the end of the test the
suspensions provide slightly more positive potential values than those
of the blank, being more positive as the concentration of the extract
increased. These constant potential values indicate that the film formed
is been stabilized [62].

The evaluation by SEM of the aluminum surface exposed to 0.1% of
tannin suspension for 4 h shows the formation of a film with numerous
cracks and fissures (Fig. 6).The analysis by EDS of this film shows the
presence of both C and O, which confirms the organic nature of the film.
The maximum inhibitory efficiency of the 0.1% suspension would be
explained by the formation of a film with the best protective char-
acteristics.

According to these results, it can be seen that the best inhibition is
achieved when the concentration of tannin is 0.05-0.1%. At lower
concentration, the film formed does not block the reaction sites

properly. At higher concentration there are probable packing inter-
ferences among the tannins molecules due to steric impediments and
the film formed is not as compact as at lower concentrations [36] or /
and soluble oligomers are formed [24]. Similar results were obtained
using cashew nut testa tannin on aluminum [36] and quebracho tannin
(Schinopsis sp.) [21] and Mangrove tannins on steel [24].

The polarization kinetics parameters agree with those of Tafel
curves except at higher concentrations maybe due to changes in the
organic film on aluminum caused by the overpotentials applied during
Tafel polarization curves.

3.3. Evaluation of the coated panels

3.3.1. Humidity chamber

TQ primer presented an adhesion similar to that of the CR control:
quite good at the beginning (4B), regular (3B) after 1 day in the
chamber and poor (2B) after 5 days (Table 5). The talc primer also
presented good adhesion (4B) at the beginning, but the adhesion was
completely lost after just one day in the chamber.

TQ and CR panels showed no appreciable attack after 21 days in the
chamber, while the TAL panels presented pitting after 8 days and
general corrosion after 21 days in the chamber (Table 5, Fig. II-V
Supplementary data).

650 |

=700 +

=0=—=0%

-750
3 —a— 0.005%
(t,n’ g ~=e--0.01%
z “-800 cioee 0.05%
w ——0.1%
¢ - A= 0.3%
-850 x - 0.5%
-900 -+ t t t t
0 50 100 150 200
time (min)

Fig. 5. Corrosion potential (Ec) as function of time for Al 1050 immersed in the “quebracho colorado” extract suspensions.
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Fig. 6. SEM micrographs of the aluminum surface exposed to a suspension 0.1% quebracho extract for 4 h: 500X (left) and 1000X (right).

Table 5
Humidity chamber. Adhesion degree and visual classification of aluminum
corrosion.

Primer  Adhesion grade Visual classification of corrosion**

(ASTM D 3359)*

Time (days) Time (days)

0 1 5 4 8 14 21
TQ 4B 3B 2B N N N N
CR 4B 3B 2B N N N N
TAL 4B 0B 0B N P P G
B - - - G G G G

* 4B: less than 5%; 3B: between 5 and 15%; 2B: between 15 and 35%; 0B
greater than 65% of the painted area was removed.
** N: No appreciable attack; P: Pitting; F: Filiform; G: General; E: Exfoliation.

Table 6
EDS analysis on aluminum samples.

Elements (weight %)

Al (0] Fe C P Ca K
Samples TQ Zonel 91.61 5.29 0.45 2.65
exposed in Zone Il 65.70 25.47 0.37 294 497 0.21 0.34

the CR 93.82 194 0.52 3.72
humidity TAL Zonel 88.73 7.41 0.38 2.69 0.78

chamber Zone Il 66.75 24.60 0.43 3.38 4.20 0.55 0.09
and B 59.56 40.44
unpainted

Unexposed Al 1050 97.8 1.88 0.32

Zone 11

HV | mag|det| WD um
20.00 kV|500 x| ETD[10.1 mm v SeMFi - LIMF - FI - UNLP

All the samples presented no blisters along the assay.

The EDS analysis of the surfaces after humidity chamber exposure is
shown on Table 6. The TQ coated panels presented two zones (Fig. 7):
zone I with an homogenously layer and the other (zone II) with a
cracked layer on top of the homogenously one. In zone I, the layer
contains Al and O as main compounds. In zone II, the upper layer
contains C and P indicating a good adhesion of the primer to the alu-
minum surface. In the case of CR, the primer could not be completely
removed. Its surface showed a uniform aspect, with the presence of C
that denotes good adhesion, but no evidence of P (Fig. 8). The TAL
panels showed a similar layout (Fig. 9), with an area of homogenous
layer and other area with two layers. In this case, the upper layer is less
compact than in the case of TQ panels. The surface of the uncoated
aluminum (B) showed formations with Al and O quantities (Table 6)
and structures that indicate the formation of a thick layer of alumina
(Fig. 10) [53,63].

3.3.2. Electrochemical studies
3.3.2.1. Ionic resistance determinations. The TQ coated panels presented
Ri values between 5000 and 10,000 Q-cm? throughout the experiment
(Fig. 11). The TAL panels presented values similar to TQ during the first
100h, and then the values increased until reaching a maximum of
15,000 Q-cm? after 350 h of immersion. At the beginning of the
exposure the CR coated panels presented ionic resistance higher than
those corresponding to the other panels, reaching a maximum of 33,000
Q-cm? after 100h, but then decreased to 10,000 Q-cm? after 350 h,
keeping this value up to the end of the test.

It can be seen that the ionic resistance for all the coated panels was
low (between 10% and 10* Q-cm?). This indicates a poor barrier effect,
which is characteristic of these temporary protectors.

HV | mag |det| WD |spo 19

S 20 ym
20.00 kV|5000 x| ETD|10.2 mm| 4.3 |2:42:47 PM SeMFi - LIMF - FI - UNLP

Fig. 7. SEM micrographs of the TQ coated panels after humidity chamber exposure: 500X (left) and 5000X (right).
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HV det WD  |spot| 5/
20.00kV|5 ETD|10.0 mm| 6.0

)

. n O
Y Sl -~ Bact O
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Fig. 10. SEM micrographs of the B panels after humidity chamber exposure:

500X (left), and 5000X (right).
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3.3.2.2. Polarization resistance determinations. The TQ coated panels
presented Rp values that increased from 5.5-10°Q-cm? at the beginning
to ~107Q-cm? at 200 h, keeping along this value until 700 h (Fig. 12).
Both the TAL coated panels and the uncoated aluminum showed a
similar behavior: Rp increased from the beginning up to 100h
exposure, reaching values that were maintained in the order of
10°Q-cm? for the rest of the experiment. CR coated panels presented
Rp values in the order of 10’Q-cm? throughout the test.

It can therefore be seen that although CR panel always has the
highest Rp values, TQ panels has Rp values very similar to CR after
200h of exposure. In the supplementary data Fig. VI shows some of
these curves.

3.3.2.3. Corrosion potential measurements. The uncoated aluminum
presented the most negative Ec, with values lower than —800mV
during the first 4 h and in the range of -700 to —800 mV during the rest
of the test (Fig. 13). The TQ panels showed Ec values in the range of
-600 to —700 mV during the first 200 h, and in the range of -500 to
—600 mV up to the end of the experiment. During the first 24 h the TAL
panels presented values slightly more positive than TQ, but then they
became more negative, with values in the range of -700 to —800mV.
The CR panels presented the most positive values during the first hours
of testing, but after 200 h the values were in the same interval as those
corresponding to TQ.

According to the results of the tests on the coated panels, the re-
placement of chromate pigment by tannin in the primer results in good
protection in the humidity chamber as the adhesion and the corrosion
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200 9 barrier properties are also lower. However, polarization resistance and
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=~ primer corrosion potential evolution against time were similar indicating that
s ~400 once water penetrates the coating, tannin pigment is able to protect
E aluminum as chromate does.
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-800 4. Conclusions
-1.000 & Quebracho tannin in solution protects aluminum depending on the
tannin concentration, being the best protection afforded by con-
1.200 " " " " " | i centration 0.05 - 0.1%. This protection is partially lost after 24 h. The
300 490 500 600) 700 8000 900 formation of an organic inhibitor film on the Al surface by the queb-
time (h) . . s
racho tannin reduces the active surface area available for the attack of
13. Corrosion potential values (Ec) as function of time for coated panels. the corrosive medium and delays oxygen reduction and metal dissolu-

tion.
Quebracho tannin can be used to prepare primers for aluminum
substrate and can replace chromate as anticorrosive pigment as they
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afford similar protection. Despite the barrier properties of tannin
primer are lower than that of chromate one, once water penetrates the
coating, tannin protects aluminum in a similar degree than chromate.

Availably data

All data included in this study are available upon request by contact
with the corresponding author.
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