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Supporting information

2. Experimental section

2.1. Materials

The composition analysis of aluminum substrates is provided. AA1100 is a
commercially pure Al class (in wt. %): Cu (0.34); Fe (0.42); Si (0.19); Mn (<0.01); Ti
(<0.02); Zn (<0.01) and balanced Al. The chemical composition was provided by the
supplier (Irmdos Galeazi Ltda., Brazil). The AA2024-T3 is the structural reinforced Cu-
rich grade with metallurgical temper code T3, which is referred to solution heat treated,
cold worked and naturally aged. The AA2024 panel has chemical composition of (in wt.
%): Cu (4.63); Mg (1.66); Mn (0.55); Fe (0.36); Si (0.31); and balanced to Al. The
compositional analysis for this alloy was determined by ICP-AES (spectrometer

SPECTROMAXX).

3. Results and Discussion

3.1. The stability of ZrO, nanocoating comparing the DC and EAD deposition

methods

Figure S1. Topography SEM images of: a) AA1100/Zr-DC coating; b) AA1100/Zr-EAD
coating; c) AA2024/Zr-DC coating; and d) AA2024/Zr-EAD coating. The insets on b)
and d) images represent the cross-cut of those sample surfaces (by focused ion beam),
used for the thicknesses measurements.
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Figure S2. Corrosion current densities (Jcorr) measured on: a) AA1100 and b) AA2024
substrates; and corrosion potentials (Ecorr) measured on: ¢) AA1100 and d) AA2024
treated specimens. The values correspond to the Tafel extrapolation of the polarization
curves obtained during the exposure of the analyzed samples to a NaCl 0.05M electrolyte,
throughout 168 h (7 days).

3.2. Porosity and barrier properties of Zr-EAD and Zr-CCC coatings evaluated by
potentiodynamic polarization curves, EIS analysis and accelerated corrosion
test

The Nyquist plots (Figures S3a and S4a) are mainly represented by a single time
constant behavior corresponding to the electrical equivalent circuit (EEC) of Rs(RpCPEul),
where Rs represents the ohmic resistance of electrolyte solution, Rp is the polarization
resistance of the interface cladding, and CPEa corresponds to the double-layer constant
phase element of a non-ideal capacitor, when the phase angle is different from —90°.

In Figure S3, the Nyquist and Bode plots of initial and final immersion times are
reported. After 168 h of test, it may be observed that all the AA1100 specimens suffered
a slight reduction of their resistive property, if compared to the first immersion step (24h).

Considering that the sample AA1100 Zr-DC is the one that had the less pronounced
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change throughout the test, there is a possibility that the pseudo-barrier protection
provided by the ZrO: film partially avoids the growth of the Al2O3 layer. The Zr-DC
cladding resulted in the highest impedance values after 168 h of analysis.

Contrasting with the observed impedance response of AA1100 alloy, it is noticeable
in Figure S4 that all the AA2024 samples had a decrease in the impedance values
throughout the test duration and a second time constant appeared at low frequencies.

At the conclusion of the test, as seen in Figure S4 (al-bl), the Zr-EAD sample
provided the best protection to the substrate, with increased exposure time. Thus, AA2024
Zr-EAD seems to have a more stable, more uniform and more compact film, as observed
by SEM (Figure S1). Unlike the AA1100 alloy, it is evident that in Cu-rich alloy, whose
native oxide layer does not provide a satisfactory barrier protection, the production of

ZrO2 by EAD method generates a more efficient barrier able to diminish electrolyte

penetration.
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Figure S3. Nyquist (1) and Bode (2) diagrams obtained from electrochemical impedance
spectroscopy tests of AA1100 pre-treated samples, after: a) 24 h and b) 168 h of exposure
to the electrolyte solution.
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Figure S4. Nyquist (1) and Bode (2) diagrams obtained from electrochemical impedance

spectroscopy tests of AA2024 pre-treated samples after: a) 24 h and b) 168 h of exposure

to the electrolyte solution.

The plots for impedance module (|Z|) at 0.1 Hz comparison between the studied

pretreatments are shown in Figure S5.
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Figure S5. Impedance modules |Z| at 0.1 Hz, measured through electrochemical
impedance spectroscopy, from 0.5 to 168 hours of immersion in NaCl 0.05 M solution:
a) AA1100 and b) AA2024 substrates, with different pre-treatments.

A general trend of increase in |Z| is visible for all the surface treatments on AA1100

samples (Figure S5a), with the dip-coated sample (DC) having the highest impedance

value during the entire test and maintaining almost constant over time. All other substrates
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exhibited a fast raise in |Z| modulus at first 48 h of immersion in aggressive solution, but
their impedance values become instable after this time. The fact that the impedance
module increases during the exposure to the electrolyte in both coated and non-coated
samples evidences the self-healing behavior of such oxides in the protection of the metal
surface. However, the instability of the oxide nanocoatings leads to a rapid penetration of
chlorine ions, destroying the pseudo-barrier protection achieved at short immersion times.

On the other hand, in AA2024 (Figure S5b) a general trend of decrease was
observed during the test. Meanwhile, the ZrO2 generated by EAD method had a smooth
decay if compared to the other substrates, showing a better coating resistance in NaCl
solution for the analysed period. Both samples coated with ZrO2 presents a good
impedance value at very short exposure time (0.5 h). The Zr-EAD treatment had the
highest |Z| during the entire test. Generally, the sharp decrease in |Z| modulus is most
likely a consequence of the presence of intermetallic particles in AA2024 surface. After
168 hours of test, EAD resulted in 4449 ohm-cm? and the other treatments’ impedances

were within the range between 2900 and 3100 ohm-cm2.

Figure S6 contains the photographs of one representative specimen of each

treatment used for accelerated corrosion testing.
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Figure S6. Photographs of AA2024 specimens submitted to cyclic accelerated corrosion
test during 72 hours. The scale bar applies to all images.

3.3. Evaluation of the dual protected aluminum substrates under prolonged
exposition to NaCl solution

a) Before immersion After 3 months b)  Beforeimmersion  After 3 months

Bare

Figure S7. Digital photographs of AA1100 plates (a) and AA2024 discs (b), before and
after 90 days of accelerated corrosion assays (NaCl 3.5 wt.%).
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Figure S8. Optical microscopy images of the cross-section of scribed areas in: a) AA1100 and b) AA2024 specimens, submitted to accelerated corrosion
test during 90 days.



