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| Isolda Costa?

In this work, a surface coating composed of organic-inorganic hybrid sol-gel based on
bis-1,2-(triethoxysilyl) (BTSE) ethane was applied on AA2198-T8 samples, and its
effect on corrosion resistance was investigated and compared with that of a chro-
mate layer formed in a solution with hexavalent chromium ions. The corrosion resis-
tance of BTSE coated samples was evaluated by immersion tests in sodium chloride
solution (0.005 mol/L NaCl) and monitored by global electrochemical techniques
such as electrochemical impedance spectroscopy (EIS) and local electrochemical tech-
nigues such as scanning vibrating electrode technique (SVET) and scanning electro-
chemical microscopy (SECM). The formed coating layers were characterized by X-ray
photoelectron spectroscopy (XPS). The results pointed out that the BTSE is an effec-
tive alternative coating for corrosion protection of new generation Al-Cu-Li alloys
and could replace chromates obtained in toxic and carcinogenic CrVI containing solu-

tions leading to improved corrosion protection.

KEYWORDS

1 | INTRODUCTION

The promising future of new generation Al-Cu-Li alloys is associated
with weight reduction and specific strength, amongst other factors.>?
Compared with conventional Al-Cu-Mg and Al-Zn-Mg alloys, the new
generation of Al-Cu-Li alloys has been developed to exhibit higher
specific strength and fracture toughness than conventional alloys and
to replace them. However, the development of localized corrosion in
the new generation alloys is still a great concern. Severe localized cor-
rosion in Al-Cu-Li alloys has been associated with hexagonal T1 phase
(Al,Culi), which is preferentially located in regions of high dislocation
density.3~* This leads to severe localized corrosion.2®1>¢ According
to literature,”*8 T1 phase is initially anodic relatively to the matrix,

but due to the high reactivity of lithium, its selective dissolution from

AA2198-T8, BTSE, coatings, corrosion, silane

T1 phase leads to its copper enrichment, polarity reversal, and, in turn,
the dissolution of the surrounding matrix.*® Severe localized corrosion
compromises the structural integrity of alloys and can lead to an early
undesirable failure.}”:18

Surface treatments based on hexavalent chromium have been
used for decades, and these are highly effective for corrosion protec-
tion of aluminum alloys, in addition to promoting good adherence to
organic coatings and self-healing properties.'? 2% However, it is well
known that hexavalent chromium is extremely harmful to health (car-
cinogenic) and to the environment (toxic), and one of the major prob-
lems associated with such treatments is the disposal of the waste
generated. Currently, the search for surface treatments that are envi-
ronmentally friendly is highly encouraged.?° Silane films have been

considered potential replacements for chromate coatings in the
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protection of aluminum alloys, especially as they are environmentally
friendly.2* The BTSE is described by the formula: R'-Si(R3), where the
R' is an organofunctional group that is responsible for the hydrocar-
bon bond, and R3 is the hydrolysable alkoxy group that reacts with
water to produce silanol groups (Si-OH). The R3 groups are con-
densed into steric groups in solution and are attracted to the oxide on
the metal surface by hydrogen bonding during the coating process.
Following this, a Si-O-C network is formed on the substrate via a cur-
ing/cross-linking process.25-%°

Many authors have reported success on the use of silane as a pre-
treatment agent to increase the corrosion resistance of aluminum
alloys.2326:29:31-33 Ho\ever, little information about the effect of this
kind of treatment on the corrosion resistance of new generation Al-
Cu-Li alloys exist in the literature.%?*3® The silane chosen for this
study is the BTSE [(H5C,0)3-Si-CH,CH,-Si-(OC,Hs)3] that has a bis-
functional structure with six silanol groups that can provide stronger
covalent bonds with metal oxide compared with the one with a mono-
functional structure.34-3¢ The aim of this study is to investigate the
effect of a bis-silane-based treatment for the corrosion protection of
the polished and unpolished surfaces of an AA2198-T8 Al-Cu-Li alloy.
Comparing the polished and unpolished surfaces of the alloy is very
important because the presence of near-surface deformed layers
(NSDL), induced by the rolling process employed during the produc-
tion of rolled Al alloys, affects the corrosion and electrochemical
responses of the alloys.®”~#! Furthermore, the effect of the BTSE has
also been compared with that of a chromate conversion coating in
order to further understand the suitability of BTSE as a replacement

for hexavalent chromium-containing treatments.

2 | EXPERIMENTAL

The AA2198-T8 alloy whose chemical composition is presented in
Table 1 was used in this study.

Selected samples were polished with diamond paste up to a 1-pm
surface finish. Unpolished samples were degreased with ethanol and
dried under air stream before use. The polished samples were
degreased in ethanol, deoxidized in 1% nitric acid at room temperature
for 30 s before a final rinse in deionized water. The BTSE treatment
was carried out by immersion for 3 min in a solution with 5% of
bis-1,2-(triethoxysilyl) ethane and then oven-dried at 100°C for 30 min.
Polished and unpolished samples were also coated with a commercial
chromate layer (Alodine 1000), herein, designated CrVI, for compari-
son. Immersion test in 0.005 mol L~ NaCl solution for up to 12 h with
polished and unpolished samples, treated with BTSE or CrVI, was car-
ried out to evaluate and compare the effect of NSDL on the corrosion
behavior of the AA2198-T8 alloy. Electrochemical impedance spectros-
copy (EIS) tests were performed in triplicate to evaluate the corrosion
resistance of the samples after conversion treatments. The tests were
accomplished at room temperature in a conventional three-electrode
cell, with an Ag/AgCl (KCl saturated) as reference electrode, a platinum
wire as counter electrode and the treated samples as working elec-

trode. A solution composed of 0.1 mol L™* NaCl was used as

Chemical composition (wt%) of the AA2198-T8 used in this study analyzed by ICP-AES

TABLE 1

>=0n

Al

Mn

Zn

Si

Fe

Zr

Mg

Li

Cu

Bal.

0.00424 + 0.00006 0.00439 + 0.00007 0.00180 + 0.00002

0.00498 + 0.00002

0.96 +0.01 0.31+0.00 0.26 +0.00 0.51+0.01

3.32+0.03
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electrolyte. EIS measurements were performed in the frequency range
from 10* to 1072 Hz, with a perturbation amplitude of 10 mV and an
acquisition rate of 10 points per decade. For the EIS tests, a Solartron
potentiostat model SI 1287, coupled to a frequency response analyzer,
Solartron SI 1260, was used.

Scanning vibrating electrode technique (SVET) tests were per-
formed using an Applicable Electronics™ SVET machine controlled by
an Automated Scanning Electrode Technique (ASET 4.0) software. An
insulated Pt-Ir probe was used as the vibrating electrode for the SVET
system. A 15-um-diameter platinum sphere was electrodeposited at
the tip of the probes prior to the start of SVET tests. The amplitude of
vibration was 19 pm, and the vibrating frequencies of the probe were
174 Hz (X) and 73 Hz (Z); 35 x 25 points were obtained for each
SVET map. The time lag between each current density data-point
acquired was 0.5 s, and the scan step interval was 200 pm. All experi-
ments were performed in a Faraday cage at (20 + 2)°C. The
AA2198-T8 alloy sample used as the working electrode was embed-
ded in epoxy resin. Experiments were performed in 0.005 mol L™!
NaCl for 24 h, and SVET maps were obtained every 2 h. In situ images
of the corroding AA2198-T8 surface were obtained at timed intervals
during the SVET measurements.

In order to understand and compare the effect of NSDL on the
corrosion behavior of the AA2198-T8 alloy, polished and unpolished
samples, treated with BTSE and CrVI, were examined after immersion
test in 0.005 mol L= NaCl solution for 12 h.

Scanning electrochemical microscopy (SECM) was performed
using a microscope Sensolytics (GmbH Bochum, Germany). The exper-
iments were performed at room temperature and open circuit poten-
tial using a three electrode-cell experimental setup, with 25 um Pt
disk ultramicroelectrode (UME) as working electrode, Ag/AgCl KCI
(sat) as reference electrode and a platinum wire as counter electrode.
The electrolyte used in the SECM tests was 0.01 mol L™* NaCl
solution.

Measurements were carried out at selected heights of the UME
above the surface. The operating height was set after recording
z-approach curves, with the UME adjusted to 30 um above the sam-
ple. SECM maps in constant height mode was obtained by scanning
the UME in the x-y plane. The experiments were performed using the
surface generation/tip collection (SG-TC) mode. In this mode, H»
generation from corrosion at the surface is sensed in an oxidation

reaction in the UME (reaction 1):
Hy —2H* +2e". (1)

The H, generated on the surface can be sensed in an oxidation reac-
tion 1 at the Pt UME potential of 0.0 V versus Ag/AgCl.

X-ray photoelectron spectroscopy analysis (XPS) was carried out
using a ThermoFisher Scientific K-alpha+ spectrometer operating with
a monochromated Al-ka radiation source (1486.6 eV) and a spot size
of 400 pm to obtain the maximum signal over the largest area possi-
ble. High-resolution spectra were obtained using pass energy of
50 eV. Peak fitting was performed using a mixture of Gaussian-

Lorentzian functions in the Avantage™ software with background

subtraction by the Smart algorithm. Binding energy scale was cali-
brated by referencing the C1s value at 284.8 eV.

3 | RESULTS AND DISCUSSION

3.1 | Immersion test and SVET

Optical images of the unpolished BTSE treated surface and CrVI
treated surface are shown in Figure 1. No significant corrosion on
both surfaces was noticed after 2 h of test. However, after 12 h of
immersion, propagation of corrosion attack (dark patches) were seen
on both surfaces. These attacks correspond to the electrochemical
activities in the dark bands seen in the as-received sample, as shown
in Figure 2. These bands have been reported to be enriched in Mg
and, consequently, are more active compared with the adjacent
regions.>”424% However, the attacks associated with these bands on
the NSDL are superficial and rarely result in severe localized corro-
sion, except if there is an external galvanic influence requiring the sus-
tenance of pronounced cathodic activities on a connected nobler
surface.?”

Presented in Figure 3 are the optical images of the polished BTSE
treated surface, Figure 3A,B and CrVI treated surface, Figure 3C,D.
Figure 3A,C shows optical images of the polished AA2198 T8 alloy
coated with BTSE film and with chromate (CrVI) coating, respectively,
after 2 h of exposure to the test solution. After this time, no apparent
corrosion feature was observed for both treatments. Interestingly,
after 12 h of exposure, the polished and BTSE treated sample pres-
ented no corrosion, Figure 3B, whereas a pitting site was observed on
the polished AA2198-T8 alloy treated with CrVI containing solution,
Figure 3D. It is important to note that the NSDL induced by the
manufacturing process was removed by the polishing process. Thus,
the polished surfaces are free of enriched Mg bands and are some-
what homogeneous in this regard. The absence of the NSDL
enhanced the formation of more uniform and protective BTSE layer
on the alloy. For the sample with chromate (CrVI) coating, although
the absence of NSDL improved the resistance to generalized corro-
sion, a site with severe localized corrosion was seen. These results are
evident on the SVET maps of the unpolished AA2198-T8 alloy with
BTSE coating, Figure 4. The SVET maps showed lower activity for 2 h
of exposure compared with 12 h in NaCl. Between 2 and 12 h, the
SVET maps showed pronounced increase in the current values, and
anodic and cathodic areas were well separated. Figure 5 shows SVET
maps of the unpolished AA2198-T8 alloy with chromate (CrVI) coat-
ing, and the results were similar to those for the unpolished BTSE
coated surface, although slightly higher currents were obtained for
samples with BTSE coating compared to chromated ones. However,
this last treatment was not enough to eliminate the anodic sites initi-
ated in the Mg-rich bands.

In agreement with the optical images, SVET maps showed that
when the alloy surface is polished prior to treatments, the current
decreases with time of test, Figures 6 and 7. For the polished surface

with BTSE coating, the electrochemical activity was inferior to the of
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FIGURE 1 Unpolished
AA2198 T8 after exposure to
0.005 mol L~ NaCl solution:
coated with BTSE silane film for
(A) 2 hand (B) 12 h and with
chromate coating after (C) 2 h and
(D)12h

AL X200 S00um
FIGURE 2 Surface of the AA2198 T8 as-received

the AA2198 T8 alloy with chromate (CrVI) coating (Figure 7). In the
early hours (Figure 7A), the chromated alloy exhibited very low activi-
ties but after 12 h, a pit had developed on the surface; the current
densities related to this pit were monitored by SVET, Figure 7B.

3.2 | Electrochemical impedance spectroscopy

EIS results comparing the effects of both coatings, chromate (CrVI)

and BTSE, on the corrosion resistance of the polished and unpolished

AA2198-T8 after 24 h of exposure to 0.1 mol L~* NaCl solution are
shown in Figure 8. Higher impedances were related to the BTSE
coated AA2198-T8, Figure 8A, than to the chromated one, Figure 8B

showing that the BTSE coating provided improved corrosion

protection compared to the chromate coating. The results for the
polished AA2198-T8 also showed higher impedances related to
the BTSE coated AA2198-T8 than to the chromated one, although
the impedance difference between the treatments are lower than for
the unpolished samples. These results clearly show that the NSDL
affected the corrosion mechanism and the corrosion resistance of
the alloy, Figure 9.

EIS results are in agreement with the optical images and SVET
results presented earlier. The NSDL showed in Figure 2 shows a non-
homogenous surface with Mg-rich bands on the unpolished alloy, as
indicate earlier. The difference in corrosion behavior between the
polished and unpolished samples proved that the removal of the Mg-
rich surface by polishing improved the interaction between the alloy
surface and the two types of coatings formed. The results also
showed that the corrosion protection promoted by the chromate
coating did not prevent corrosion in either surfaces, polished or
unpolished. Also, the chromate coating promoted less effective corro-

sion protection compared with the BTSE for polished samples.

3.3 | Scanning electrochemical microscopy

Figure 10 shows SECM maps for unpolished (A) and polished
(B) AA2198-T8 samples. The effect of the NSDL is clearly shown in
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the SECM maps. Polished samples were related to more homoge-
neously distributed currents, Figure 10B, than the unpolished ones,
Figure 10A. For the BTSE coated samples, either unpolished,
Figure 10C, or polished, Figure 10D, more homogeneous current dis-
tribution was obtained than for the bare samples and for the CrVI
coated samples, Figure 10E,F. The high currents at some points of the
CrVI treated samples are likely due to the high cathode/anode ratio at
the weak points of the CrVI coating. The SECM results supported the
previous indication by EIS and SVET, showing that the NSDL has a
strong influence on the chemical interaction between the BTSE or

CrVI coatings and the alloy surface, as suggested earlier.

FIGURE 3 Polished AA2198 T8
after exposure to 0.005 mol L™ NaCl
solution: coated with BTSE silane film
for (A) 2 h and (B) 12 h and with
chromate coating after (C) 2 h and
(D)12h

FIGURE 4 SVET maps of
unpolished AA2198 T8 coated
with BTSE silane film after
immersion in 0.005 mol L~ NaCl
solution for (A) 2 hand (B) 12 h

34 |

X-ray photoelectron spectroscopy

Figure 11 shows the high-resolution spectra for Al2p region of
AA2198 T8 alloy in the polished states for the three different surface
treatments described in Section 2. Figure 11A shows the high-
resolution spectra for polished AA 2198 T8 nontreated sample. The
Al2p was deconvoluted with two components, and the low energy
component was assigned to Al° whereas the high energy one was due
to Al,Os. For polished AA 2198 T8 treated with BTSE, Figure 11B,
the Al2p was deconvoluted with three components. There is a well-

defined Al° peak at lower energy. The other two components were
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FIGURE 5 SVET maps of
unpolished AA2198 T8 treated
with CrVI containing solution
after immersion in 0.005 mol L™
NaCl solution for (A) 2 h and
(B)12h

FIGURE 6 SVET maps of
polished AA2198 T8 treated with
coated with BTSE silane film after
immersion in 0.005 mol L™ NaCl
solution for (A) 2 hand (B) 12 h

FIGURE 7 SVET maps of
polished AA2198 T8 treated with
CrVI containing solution after
immersion in 0.005 mol L~* NaCl
solution for (A) 2 h and (B) 12 h

attributed to Al,O3 and Al (OH)s. For the polished AA2198 T8 treated
with CrVI, Figure 11C, the Al2p was deconvoluted with three compo-
nents. The signal of metallic aluminum was clearly detected at the
lower energy part of the spectrum. The other two components would
be related to Al,O3 and Al (OH)s.

Figure 12 shows the high-resolution spectra for Al2p region of
AA2198 T8 alloy in the unpolished states for the three different sur-
face treatments described in Section 2. Figure 12A shows the spectra
for unpolished AA2198 T8 nontreated, and the Al2p was also
detected and deconvoluted with two components. The low energy
one is attributed to Al,O; whereas the high energy component is
assigned to Al (OH);.*"%¢ Metallic Al peak was not detected.

{

u Ncmz 426877

HA/Cm?

Figure 12B shows the spectra for unpolished AA2198 T8 treated with
BTSE. The Al2p was deconvoluted with three components. There is a
well-defined metallic Al peak in the lower energy part of the spec-
trum. The higher energy components were attributed to Al,O5 and Al
(OH)s. For unpolished AA2198 T8 treated with CrVI, Figure 12C, the
spectrum was deconvoluted with two components, Al,O3; and Al
(OH)3, and no Al° was detected.

Figure 13 shows the high-resolution spectra for O1s region of
polished AA2198 T8 nontreated (Figure 13A). The spectra were deco-
nvoluted in two components were attributed to 0% and OHT, is
important to notice that O?~ is predominant component with the pro-
portion O,”/OH™ in proportions of 4:1. For polished AA 2198 T8
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FIGURE 8 Nyquist (A) CrVI, Nyquist (B), and BTSE and
comparative BODE diagrams (C) for unpolished AA2198 T8 with
surface treatments after 24 h in 0.1 mol L~ NaCl solution

treated with BTSE (Figure 13B), the O1s was adjusted with only one
component assigned to O-Si bonds.?*>3> For polished AA 2198 T8
treated with CrVI (Figure 13C, the O1s was adjusted with only one
component assigned to O~ bonds.*”

Figure 14 shows the high-resolution spectra for O1s region of
unpolished AA2198 T8 (Figure 14A. The spectra were also deco-
nvoluted in two components and were attributed to 0%~ and OH™ for

both conditions.**® It is important to notice that in the unpolished
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FIGURE 9 Nyquist (A) and Bode diagrams (B) for polished
AA2198 T8 with surface treatments after 24 h in 0.1 mol L= NaCl
solution

condition (Figure 14A), the proportion O>~/OH~ is well balanced, 1:1
differently from the polished one for which 02~ is the predominant
component, in proportion of 4:1. It could be related with the detected
Mg signal on the unpolished surfaces caused by the presence of
NDSL. According to these results, all Mg would be present as Mg
(OH)s,. In Figure 14B, the O1s spectrum was also deconvoluted in two
components which were attributed to 02~ and OH", differently from
the polished sample (Figure 13B), that was adjusted with only one
component assigned to O-Si bonds.2>3> For unpolished AA2198-T8
treated with CrVI, Figure 14C, the O1s was adjusted with only one
component assigned to O%~ bonds.*”

Figure 15 shows the high-resolution spectra for the polished
AA2198-T8 sample, Figure 15A. The Si2p spectrum was fitted with
only one component, attributed to Si-O-Si bonds that are typically
during the silanization process. It suggests that silanization was suc-
cessful, as Si-O-C bonds were not observed. For the polished
AA2198 T8 treated with BTSE and polished AA2198 T8 nontreated,
the spectra of Lils, Mgls, and Zr3d have no signal. Figure 15B shows
the high-resolution spectra in the Si2p region for the unpolished
AA2198 T8 alloy. The Si2p spectrum was fitted with only one
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FIGURE 10 SECM maps of polished and unpolished AA2198 T8 after immersion in 0.001 mol L2 NaCl solution for 2 h exposure, where
(A) polished AA2198-T8 nontreated, (B) unpolished AA2198-T8 nontreated, (C) polished AA2198-T8 coated with BTSE, (D) unpolished
AA2198-T8 coated with BTSE, (E) polished AA2198-T8 treated with CrVI solution, and (F) unpolished AA2198-T8 treated with CrVI solution

component, attributed to Si-O-Si bonds that are typically formed
during the silanization process. The same behavior was observed for
the polished sample, Figure 15A.23354% |t suggests that silanization
was also successful, as Si-O-C bonds were not observed. For the
unpolished AA2198 T8 treated with BTSE, the Mgls spectra

(Figure 15C) was deconvoluted with one component attributed Mg
(OH), that has a much more intense signal in this condition in relation
to the polished condition, which is in agreement with the presence of
the NSDL for the sample without polishing. Likewise, the signal of the
Li1s (Figure 15D) was much more intense in the unpolished surface.
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FIGURE 11 XPS high resolution spectra for Al2P region:
(A) polished AA2198 T8 nontreated, (B) polished AA2198 T8 treated
with BTSE, and (C) polished AA 2198 T8 treated with CrVI

Figure 16A shows the high-resolution spectra for Cr2p region of
polished AA2198 T8 treated with CrVI. The Cr2p spectrum was deco-
nvoluted with three components. There is a mixture of oxidation
states 3" and 6* (higher energy) in spectra.*’ It is important to notice
the presence of chromium in the 6" oxidation state which is the main

responsible for corrosion protection of chromium-treated Al

Binding Energy (eV)

FIGURE 12 XPS high resolution spectra for AI2P region:
(A) unpolished AA2198 T8 nontreated, (B) unpolished AA2198 T8
treated with BTSE, and (C) unpolished AA 2198 T8 treated with CrVI

alloys.”®>! For the high-resolution spectra for Cr2p region of
unpolished AA2198 T8 treated with CrVI, Figure 16B, the Cr2p spec-
trum was also deconvoluted with three components, revealing a mix-
ture of oxidation states 3" and 6" (higher energy).

In the polished state the Lils signal was detected in the high reso-
lution spectra in the polished one treated with CrVI (Figure 16C),
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FIGURE 13 XPS high resolution spectra for O1s region:
(A) polished AA2198 T8 nontreated, (B) polished AA2198 T8 treated
with BTSE, and (C) polished AA 2198 T8 treated with CrVI

where the NSDL is not formed and in the unpolished one
(Figure 16D). In the polished AA2198 treated with CrVI, the Mgls
spectra (Figure 16D) showed a weak signal. For the unpolished
AA2198 T8 treated with CrVI, the signal of the Mg1s (Figure 16E) is
more intense in relation to the polished condition, which would be in

accordance with the presence of NSDL.
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FIGURE 14 XPS high resolution spectra for O1s region:
(A) unpolished AA2198 T8 nontreated, (B) unpolished AA2198 T8
treated with BTSE, and (C) unpolished AA 2198 T8 treated with CrVI

Figure 17 shows the survey spectra of polished and unpolished
AA2198-T8 treated with BTSE (Figure 17A) and treated with CrVI
(Figure 17B). It is important to notice that the NSDL affects the
degree of deposition of Si, attributed to Si-O-Si component, as
showed earlier in Figure 15. This result is in accordance with the

lower corrosion protection performance of the unpolished surface
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FIGURE 15 XPS high resolution spectra: (A) Si2p for polished AA 2198 T8 coated with BTSE and (B) for unpolished AA2198 T8 coated with
BTSE, (C) Mg1s for unpolished AA2198 T8 coated with BTSE, and (D) Lils for unpolished AA2198 T8 coated with BTSE

when compared with the polished one. Figure 17B shows that the
polished AA2198-T8 treated with CrVI presents a more intense signal
for Cr than the unpolished sample. As such, slightly lower amounts of
CrVI are detected on the unpolished surface which is in accordance
with the corrosion performance evaluation. As revealed in the SVET
and SECM maps, the polished CrVI treated sample presented higher

corrosion protection ability than the unpolished one.

4 | DISCUSSION

It has been shown that NSDL affects the results of corrosion per-
formance in both treatments. It is important to notice that the
quality of silane films is improved by the presence of hydroxyl
groups on the surface.?4#?8313% Hydroxyl groups are important
because of the mechanism of siloxane film formation on the metal-
lic surface, Figure 18, is caused by a reaction of silanol groups in
the condensed BSTE molecules present in the bath solution that
results in dipole-dipole interactions and attraction forces between
atoms at the interface (chemisorp-

oxygen and hydrogen

tion).242829.3133 As showed in the high-resolution spectra for O1s

of unpolished AA2198-T8 sample (Figure 15A), the NSDL provides
a well-balanced proportion of O?>/OH~, and the high resolution
spectra of Al2p show a strong peak of Al (OH); that connect with
the SiOH groups resulting in the AIOSi bonding formed after
cross-link, Figure 18.

The polished surface (without NSDL) presented an intense
peak for hydroxyl groups, as showed in the high-resolution spec-
tra for Ol1s of unpolished AA2198-T8, Figure 16A, and a very
active metallic surface. It is interesting to notice that the alloy
presents hydroxyl groups for both conditions (polished and
unpolished). This result is in accordance with the good corrosion
performance observed by SVET, SECM, and EIS results, suggesting
that a silane film with good quality was obtained due to a
successful silanization process which is related to the absence of
Si-O-C bonds on the silane-treated surfaces. The relatively poor
corrosion performance of the unpolished condition with respect to
the polished one was expected, due to the effect of the NSDL
Many authors have reported that the NSDL
of different Al 41.52-57

although the influence of this layer on the third (new) generation

on silanization.

affects the corrosion behavior alloys,

of Al-Cu-Li alloys has been rarely reported.?® In the present
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FIGURE 16 XPS high resolution spectra for Cr2p region (A) polished AA2198 T8 treated with CrVI and (B) for unpolished AA2198 T8
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study, it is suggested that the poor corrosion protection ability of
the unpolished samples coated with BTSE is caused by the het-
the highly

corresponding to Mg-enriched bands regions of the unpolished

erogeneous surface related to active  surface

samples, Figure 3, leading to preferential sites for localized corro-

sion.222337.58 The XPS signal for the unpolished sample showed

more intense peaks for Mg and Li as expected, and it resulted in
a surface electrochemically more active than the polished one, as
showed in the SECM maps, Figure 12C,D.

In a bid to understand the interaction of the AA2198-T8 surface
with the chromate conversion coating, it is important to notice the

conversion layer is formed according to the depicted in Equations 2
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FIGURE 17 XPS survey spectra for (A) unpolished and polished
AA2198 T8 coated with BTSE and (B) unpolished and polished
treated with CrVI

and 3. CrVI is incorporated in the chromate layer according to the
general model proposed by equilibria of CrVI, Equation 4.%° The for-

mation of conversion layer on aluminum alloys requires free fluoride

in the solution to break the thin aluminum oxide on the surface, Equa-

tions 5 and 6.>4°7
2A1—2AP" +é6e”, 2)
Crp0%~ +8H* +6e~ — 2Cr(OH)3 + H,0, 3)
Crlll(OH) + CrVlgq + H* « Cr(lll)—=O—Cr(VI) + H20, (4)
Al,03.3H,0+6H* — 2AP* +6H,0, (5)
AP +6F~ S AIF3™. (6)

As the surface of the unpolished AA2198-T8 sample presents sig-
nificant amounts of Li and Mg, as it was shown by the XPS spec-
tra of both conditions, these elements hinder the formation of
the chromate layer. As Li and Mg are more active than Al, these
elements have a strong influence at the reactions occurring by
competing with aluminum, Equations 7 and 8, forming LiF and
MgF,.

Li* +F~ — LiF, 7)

Mg?* +2F~ — MgF,. (8)

Consequently, the corrosive attack of the chromating solution to
the aluminum oxide/hydroxide is reduced and, therefore, the Al,O3
layer cannot be completely removed freeing the surface for the for-
mation of chromium hydroxide. This affects directly the contact
between the active aluminum surface and the chromate bath solution
resulting in poor nucleation and growth of the chromate layer over
the whole surface,>>° thus influencing chromate layer continuity on
the surface.

F---_-—-__—-—_—-—_---—---—---—I
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5 | CONCLUSIONS

The corrosion resistance of the AA2198-T8 with two surface condi-
tions, either unpolished (with NSDL) or polished (without NDSL), prior
to treatment for coatings formation, either BTSE or chromate (CrVI),
was investigated and compared in this work. The conclusions from

the results obtained are as follows:

e The corrosion protection provided by the BTSE coating on the
polished surfaces was superior to that of the chromate (CrVI) layer.

e Neither the BTSE coating nor the chromate one was related to
effective corrosion protection for the surface with NSDL
(unpolished AA2198-T8 samples), due to Mg-rich bands at the sur-
face of the unpolished alloy.

e The NSDL has a significant effect on the alloy corrosion protection
ability of the coatings tested in this study, BTSE, and CrVI.

e The BTSE is an effective coating for corrosion protection of Al-Cu-
Li alloys and could replace chromate (CrVI) coating with improved
corrosion performance and with the advantage of not generating
toxic residues.
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