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The remarkable difference between the mechanical properties of pure aluminum and its industrial alloys
predetermines significant variations in their chemical comportment. This fact imposes more detailed investigations on
the correlation between the alloy’s chemical composition and its behavior during the preliminary chemical treatments
and further exposure to corrosive media. In this sense, the present research is devoted to the comparison of Anodic
Aluminum Oxide (AAO) films, formed at the same conditions on technically pure aluminum (TPA) and the highly
doped (AA2024-T3) aircraft alloy. The anodization process was performed galvanostatically with simultaneous in-situ
chrono-potentiometric curve recording. The electrochemical behavior of the investigated anodized specimens in 3.5
%NaCl medium was elucidated by Electrochemical Impedance Spectroscopy (EIS) and Linear Voltammetry (LVA).
The topology of the obtained AAO films was observed by Scanning Electron Microscopy (SEM) and Atomic Force
Microscopy (AFM). Remarkable differences between the AAO films formed on TPA and AA2024-T3 were registered
by all analytical techniques used in the present research. The electrochemical methods used have shown completely
different curve shapes and the further numerical analysis confirmed the observed significant dissimilarities. The SEM
and AFM surface observations also revealed entirely different surface morphologies, for both investigated aluminum
compositions. The remarkably distinguishable morphologies were observed in both cases: prior to and after anodization.
Summarizing the results of both types of electrochemical measurements and the topological observations, it can be
inferred that the TPA forms uniform barrier AAO film, whereas the oxide layer on AA2024-T3 is rather cracked and
possesses lower durability in the model corrosive medium.
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INTRODUCTION

Although the anodization process has been
intensively studied [1-13] and well described in the
literature [14], its impact on Al-based industrial
alloys is not sufficiently investigated. On the other
hand, the industrial branch requires highly doped
alloys with extended mechanical strength and
reliable exploitation characteristics [15, 16]. The
alloying dopants promote chemical and structural
heterogeneity, which enhances the resulting alloys’
susceptibility to localized corrosion [17-22].
Especially, the Cu-Mg-doped AA2024 type of
alloys contains a large variety of intermetallic
inclusions, which precipitate during the finishing
metallurgical thermal post-treatments [23, 24].
These inclusions initiate considerable deviations of
the alloy surface behavior from the expected for
pure aluminum. In a previous work [25], it was
established that the AA2024-T3 alloy has different
behavior than a clad alloy with the same
composition, during both coating primer deposition
and subsequent corrosion tests. In addition, only a
few papers on the AA2024-T3 anodization were
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found [26-28], but the results reported in these
works are not compared to pure aluminum.

All these facts have predetermined the aim of
the  present research: to compare the
electrochemical characteristics and topological
features of Anodized Aluminum Oxide (AAO)
films, obtained at the same conditions on
technically pure aluminum and AA2024-T3 aircraft
alloy.

EXPERIMENTAL
Two sets by three samples of (Al 99.5%)
technically pure aluminum (signed as TPA) and
AA2024-T3 were submitted to anodization,
followed by  subsequent electrochemical
measurements and morphological observations.
Prior to anodizing, all samples underwent
preliminary treatment by etching in 50 g dm?
NaOH solution at 60 °C and activation in diluted
HNO; (1:1 wv/v) at room temperature. Both
procedures were performed for two minute,
followed by vigorous cleaning with tap and distilled
water.
The anodization was performed at
galvanostatic (15 mA cm) and isothermal (20 °C)
13
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conditions for 48 minutes with simultaneous in-situ
chrono-potentiometric  curves acquisition. The
curve recording enabled to determine the AAO
formation voltage (Ur) with anodization time (t). A
two electrode cell, with 250 ml of 15%wt. of H,SO4
with continuous stirring was used. The zones
submitted to anodization were circular with 24.5
mm diameter for all samples.

The electrochemical ~measurements were
performed after 24 and 168 hours of exposure to
100 ml 3.5% NaCl model corrosive medium in
three electrode cells. The exposed areas from the
anodized zones were 16 mm in diameter and served
as working electrodes. This lower surface area was
selected, in order to avoid any edge effects. The
signal acquisition was performed against
Ag/AgCI/3M  KCI  reference electrode and
cylindrical platinum mesh, serving as a counter
electrode.

The measurements were performed using
Electrochemical Impedance spectroscopy (EIS),
followed by Linear Voltammetry (LVA) in
cathodic and anodic directions. The former was
performed from 10 kHz to 10 mHz, with 50
frequency steps at 20 to 120 mV, according to the
Open Circuit Potential (OCP). This relatively high
excitation signal amplitude interval was selected
because of the high oxide layer resistance
(corresponding to definitely insulating properties in
the case of pure aluminum). After each EIS
spectrum acquisition, individual cathodic (from 30
to -500 mV) and anodic (from -30 to 500 mV) LVA
curves were acquired, respectively. The anodic
curves were recorded at least 3 hours after the
respective cathodic ones, in order to restore the
initial OCP values. The potential sweep in both
cases was 10 mVs?, in order to avoid any
significant polarization and electrode damage.

The AAO morphology of some of the samples
was additively observed by Scanning Electron
Microscopy (SEM), using a TESCAN SEM/FIB
LYRA | XMU device. The respective Atomic
Force Microscopy (AFM) observations were
performed on both cases of technically pure
aluminum and AA2024-T3 alloy. These
observations were done in dynamic regime by
Eayscan 2, “Nanosurf’ (Switzerland) on square
zones with linear size of 49.5 um from both the
anodized and bare areas, at 256 points per line of
resolution. The AFM device was equipped by TAP
190-G cantilever, produced by Budgetsensors
(Bulgaria).
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RESULTS AND DISCUSSION
In-situ data acquisition
In general terms, all the curves look quite
similar, being composed of a sharp vertical slope at
the beginning and horizontal line until the end of
the anodization process (Fig. 1).
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Fig. 1. In-situ chronopotentiometric curves, acquired

during the anodization process

However, the more detailed analysis of the
Us(t)-curves reveals a sharp initial rise (until 22.5
V) in the case of TPA, whereas for AA2024-T3
alloy, there is a retention at about 30 - 40 s at 5 V.
This fact is related to the differences in the initial
oxide layers, formed on Al-foil and AA2024-T3
alloy during the preliminary treatment procedures.
In the former case, the oxide layer is more uniform
and has specific resistance of 1.5 kQ cm?, whereas
in the latter case the potential barrier at 5 Volts is
somehow related to the thinner oxide layer,
corresponding to a resistance of about 0.3 kQ cm?.
The occurrence of the potential retention at 5 V is
related either to copper oxidation or oxide layer
growth on the Al matrix adjacent and beneath the
intermetallic inclusions, after their dissolution.

Another difference between the in-situ Ux(t)-
curves is that the horizontal part in the case of TPA
is situated at 16.3 V, whereas the curves of the
AA2024-T3 alloy are positioned at 18.75 V. This
difference is related to the larger specific surface
area provided by the alloy. It is a consequence of
the higher roughness (commented in the next
sections), resulting from the intermetallics’
selective dissolution, during both the preliminary
treatment procedures and the anodization process
itself. Finally, it is worth mentioning that the
horizontal parts of the chrono-potentiometric curves
correspond to gradual proceeding of Al-oxidation
conjugated with reduction of HzO" ions to H, on the
cathode. In the case of AA2024-T3, these processes
are coincided with metallic Cu deposition on the
counter electrode. Thus, in the case of AA2024-T3,
besides reactions 1 and 3, additional reactions 2 and
4 proceed:
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On the anode:
4A1° + 18H,0 — AP + Al,O3; + 6H3;0 + 6e

(1)
Cu® — Cu® + 2e 2

On the cathode:
6Hs0" + 6e- — 6H,0 + 3H, (3)
Cu® +2e"— Cu° 4)

The additional reactions (2 and 4) require
higher voltage, in order to achieve 15 mA cm?,
which is the reason for the higher Us values for the
alloy.

Electrochemical measurements
The already anodized TPA and AA2024-T3
samples were submitted to  systematical
electrochemical measurements during exposure to
3.5% NaCl model corrosive medium. These
measurements  were  performed by two
electrochemical analytical methods.

Electrochemical Impedance Spectroscopy

The impedance spectra acquired at the initial
24 hours of exposure were not sufficiently
representative, probably due to intensive adsorption
and penetration of the corrosive medium species
across the oxide layers. Well-ordered impedance
spectra were acquired after 168 hours of exposure.
As it was mentioned in the experimental section,
the TPA samples needed EIS data acquisition at
much higher amplitudes (120 mV versus OCP), in
order to obtain readable spectra.

The rather distinguishable shapes of the EIS
spectra for the investigated types of aluminum
reveal clear structural differences of the AAO film
properties, as consequence of the respective
substrate compositions. An example of typical EIS
spectra acquired for both the investigated
compositions (i.e. TPA and AA2024) is represented
in Fig. 2.

The dependence of the phase shift (¢) on the
excitation signal frequency (f) (i.e. ¢(f)- curves) for
TPA show almost completely pure capacitance
from 1 kHz to 10 mHz, tending to 90° angular. For
comparison, the respective curves for AA2024-T3
in the Bode plots (position b) show two maxima at
the high and middle frequency ranges, combined
with indistinguishable inflexion at the lowest
frequencies.
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Fig.2. EIS spectra for AAO films after 168 hours of
exposure to the model corrosive medium

The Nyquist plots recorded for both types of
samples look rather different, as well. In the former
case (TPA) almost vertical arcs are obtained,
whereas in the alloy case, overlapped semi-circles
are observable. It is noteworthy, that pure
capacitors give vertical lines and consequently the
pure aluminum AAO films behave as almost pure
capacitors. Such behavior can be explained
assuming dense dielectric film, formed on TPA.
Another reason for the occurrence of almost
completely pure capacitance might be the higher
surface smoothness in the case of the technically
pure aluminum.

The rather different spectra shapes required
different equivalent circuits (EC) for quantitative
data fitting analysis (Fig. 3).
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Fig. 3. Equivalent circuits used for EIS data fitting: (a)
technically pure Al (TPA) and (b) AA2024-T3 aircraft
alloy
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The spectra acquired for TPA are composed by
only two time constants (i.e. parallel RC units),
whereas the data for AA2024-T3 were successfully
fitted to circuits, composed by three time constants,
connected in series.

Another, rather interesting feature of the
equivalent circuit, appropriate for the pure Al
spectra fitting was that the use of capacitors (C)
was more suitable instead of constant phase
elements (CPEs). This fact is an additional
evidence for the purely capacitive behavior of the
AAO films in this case.

The necessity for description of the AAO
formed on the AA2024-T3 alloys by surface CPEs
reveals structural and topological irregularity of the
oxide layer in this case. This irregularity is an
obvious consequence of the variation of the oxide
layer growth kinetics on the intermetallic inclusion
locations and the basic alloys’ Al-matrix. During
the anodization process, copper deposition was
observed on the cathode, according to reaction (4).
This fact is an evidence for Cu-dissolution from the
AA 2024-T3 alloy (reaction 2), coinciding the
AAO growth. Initially, it was suggested, that the
occurrence of two time constants in the case of
AA2024-T3 is a result of the simultaneous AAO
growth on the basic Al-matrix (with higher rate)
and under the actively dissolving Cu-intermetallics
(with lower rate, hindered by reactions 2 and 4).
However, this assumption is not consistent, because
otherwise the oxide layer time constants (CPEoyy:
Roxy1) and (CPEoxy2 Roxy2) should be connected in
parallel, but the data fitting to such equivalent
circuit was not successful. The consecutive
connection of both time constants reveals
occurrence of an interface inside the oxide layer.
Thus, distinguishable exterior and interior AAO
composing layers are obviously formed. The outer
electrolyte/outer oxide interface (CPEqxy1) and the
resistance (Roxy1) Of the electrolyte penetrated in its
defects belong to the upper irregular film. Beneath
this outer layer, another, inner layer is formed with
a well-defined intermediate interface. This
interphase is characterized by its own constant
phase element (CPEoy2) and ohmic resistance
(Roxy2). This resistance is probably related to
electrolyte penetration towards the metallic surface
or AI** ion transport resistance, as proposed in [1].

The last time constant for both equivalent
circuits (Ceat or CPEeq and Re) is related to the
chemical reactions of the corrosion process (i.e.
oxygen reduction and Al-oxidation) of the already
formed AAOQ films.

In order to evaluate the data dissipation, the
numerical data of all the investigated samples
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obtained by the data fitting of the EIS the spectra
by the equivalent circuits (Fig 3) are summarized in
Table 1.

The R« value of sample 3 of TPA group has
shown 96.85% deviation. The same trend has been
shown by the rest pure aluminum samples after
larger exposure times. Probably, the equivalent
circuit undergoes changes, due to corrosion product
accumulation.

Linear voltammetry

The averaged LVA curves in Fig. 4, acquired
after 168 hours of exposure show even more
remarkable differences between the typical
behavior possessed by the AAO layers on TPA and
the alloy, respectively. The LVA results confirm
the statements done for the EIS spectra. Indeed,
both the cathodic (position a) and anodic (position
b) types of curves show significant differences.

The cathodic curves for TPA are almost
horizontal, due to the barrier passivation of AAO
film, whereas the curves acquired for the AA2024-
T3 alloy are smooth and reveal clear occurrence of
corrosion processes, being positioned at much
higher current densities.
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Fig. 4. Cathodic (a) and anodic (b) polarization curves

acquired after 168 hour of exposure of the investigated

specimens.

Current density (mA cm?)
3

Similar trends are observable for the respective
anodic curves. Besides, the anodic curves of the
alloy possess inflexions, revealing localized
corrosion activities [34]. The registered current
densities for TPA approach the equipment detection
minimum threshold, due to the strong insulating
properties of its AAO film.
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All differences between the curves’ shapes
described above evince the aptitude of TPA to form
dense and uniform AAO with well-expressed
barrier properties, whereas the AA2024-T3 forms
an oxide layer which does not protect the alloy
efficiently.

The LVA curves, acquired after 168 hours of
exposure for all investigated samples were
submitted to further Tafel slope analysis and the
results are shown in Table 2.

The corrosion potential (Ecor) values of the
alloy samples are in a very narrow interval between

-618 and -634 mV, (measured vs. Ag/AgCl/3M
KCI), whereas a great Ecr dissipation was
registered for the pure aluminum. The mentioned
Ecor deviations for TPA are a result of the
insignificant current densities (approaching the
equipment detection minimum threshold). The R,
values for TPA are by two orders of magnitude
higher than those for AA2024-T3. This fact is an
additional evidence for the superior barrier
properties of the AAO, formed on the technically
pure aluminum.

Tablel. EIS data fitting results from the spectra acquired after 168 hours of exposure

Anodized TPA samples

Element Unit Sample 1 Sample 2 Sample 3
Rel Q cm? 28.24 +£3.08 50.74 £ 6.78 50.04 £4.90
Coxy uF cm 1.50£0.12 0.760 = 0.10 1.40+£1.40
Roxy Q cm? 108 1.568 £ 0.76 0.29 £ 0.06 3.08+0.80
Cedl uF cm™ 0.685+0.01 0.570 £ 0.01 0.70+0.01
Rt Q cm? 105 102.80 +28.26 120.40 + 38.44 286.40 + 274.54
Anodized AA2024-T3 alloy
Element Unit Sample 1 Sample 2 Sample 3
Rel Qcm? 16.04 +0.73 40.38 +£2.85 14.42+0.76
Qoxy1 s"Qlem 106 4.23+0.49 27.78 £ 6.00 48.04 + 1.84
n - 0.88 £0.03 1.00 +0.09 0.96 +£0.02
Roxy1 Qcm? 108 0.85+0.13 51.78 £12.32 12.16 + 1.34
Qoxy2 s"Qlem?  10° 7.78 £ 0.51 431+0.19 730+1.22
n - 0.77£0.01 1.00+0.03 0.95+0.04
Roxy2 Qcm? 102 71.00+15.14 31.50 £ 5.05 0.48 +0.06
Qeal s"Qlem 106 14.78 £2.50 19.62 +£3.10 27.25+2.28
n - 0.96 £0.03 0.60£0.15 0.65 £ 0.07
Ret Q cm? 103 161.00 + 16.09 109.60 + 14.61 40.80 £ 1.08

Table 2.Tafel plot analysis of the polarization curves acquired after 168 hours of exposure

Cathodic curves

Anodic curves

Rp (kQ cm?) Rp (kQ cm?)
Sample TPA AA 2024 TPA AA 2024
S1 22.90x10° 192.08 26.76x10° 192.26
S2 23.32x10° 161.90 40.14x103 157.30
S3 51.10x10° 41.72 37.60x10° 45.90

The corrosion potential (Ecor) values of the
alloy samples are in a very narrow interval between
-618 and -634 mV, (measured vs. Ag/AgCl/3M
KCI), whereas a great Ecn dissipation was
registered for the pure aluminum. The mentioned
Ecor deviations for TPA are a result of the
insignificant current densities (approaching the
equipment detection minimum threshold). The R,
values for TPA are by two orders of magnitude
higher than those for AA2024-T3. This fact is an

additional evidence for the superior barrier
properties of the AAO, formed on the technically
pure aluminum.

Impact of the anodization process on the surface
morphology
Scanning Electron Microscopy

The SEM images (Fig. 5) reveal that the

impact of the anodization process for

the technically pure aluminum and the highly
doped
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AA2024-T3 differs. In the former case, the AAO
film repeats the substrate’s topology. It can be
described as laminar surface (inset of position (a))
with multitude of pits (position (a) basic image).
The laminar surface is obtained during the Al-foil
rolling, whereas the pits are formed during the
preliminary etching and acid activation.

Magn.x 500 200 km

20 um

SE detector
Magnification x 3000

Magn,x 500 200 pym:

SE detector

ILOCTo| 20 um
Magnification x 3000

Fig. 5. SEM images of the investigated samples: (a) TPA
and (b) AA2024-T3

The AAO layer, formed on AA2024-T3 is
covered by multitude of cracks and ruptures. In
addition, in the inset of position (b) a large number
of wide caverns (not pits) are observable. The
results of previous research works dedicated on the
preliminary treatment of this alloy [31-33] lead to
the inference that these concavities are rather result
of the sample etching and acidic activation than to
be consequence of the anodization process. These
observations completely correlate with the EIS data
analysis results. Probably, the cracks and ruptures,
together with the entrapped electrolyte correspond
to (CPEoxy1 Roxy1), Whereas the time constant
(CPEoxy2 Roxy2) shows that these defects do not
reach the metallic surface, hence a denser inner
oxide layer is present.

Atomic Force Microscopy
The AFM images (Fig. 6) reveal that in the
case of TPA, the AAO film repeats the substrate’s

18

topology. Consequently, the anodization of the
technically pure aluminum results in only slight
smoothening of the laminas and increase of the
pits’ number and depth.

For comparison, the AA2024-T3 surface looks
rather different from the above described even prior
to anodization. Besides the cracks commented
above (regarding the SEM images), wide caverns
instead of pits are observable for the alloy samples.
Also, coarse formations are observable, probably
due to occurrence of large-sized intermetallics,
which are formed during the thermal treatment of
the alloy.

The formation of pits and caverns during the
preliminary treatments (etching and acidic
activation) can be ascribed to selective dissolution
phenomena. These phenomena involve the smaller
grains in the case of TPA and adjacent Al-matrix
surrounding the cathodic intermetallics of the
AA2024-T3 alloy, respectively.

.

Line fit 7um

3.5 ym
49.5 ym

Line fit 7um .

Line fit 7um —
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Line fit 7um

49.5 pm

Fig. 6. AFM images of reference (a, ¢) and anodized (b,
d) samples of TPA (a, b) and AA2024-T3 (c, d)

The quantitative AFM data analysis for TPA
causes surface roughness increment, regarding the
roughness mean (Sm) from 0.4 to 31.2 pm. This Sy,
increase (of almost 80 times) confirms the inference
for pit depth and number increase during the
anodization.

For comparison, the anodization of AA2024
leads to greater topological changes than in the case
of TPA. The AAO film formed on the alloy shows
that the anodization results in twice rougher
topology (Sm values from 62.8 pm for TPA up to
190.1 pm for AA2024). This difference can be
explained, considering the coincidence of Al-oxide
film growth and selective dissolution around the
intermetallics.

The maximal distance between the highest and
the lowest points (Sy) for TPA changes from Sy =
1.50 to 1.31 um, due to the anodization process.
This Sy decrement with about 0.30 pm is
consequence of the smoothening of the laminar
ridges, which cannot be compensated by the pitting
proliferation, discussed above. For comparison, the
AA2024-T3 samples preserve their topology with
negligible decrease of Sy from 6.40 to 6.14 um,
regarding the total roughness.

CONCLUSIONS

The in-situ chronopotentiometric curves of
TPA possess a sharp initial rise (until 22.5 V),
whereas for AA2024-T3 alloy, there is retention of
about 30-40 s at 5 V. This phenomenon is related to
the differences of the initial oxide layers, formed on
TPA foil and AA2024-T3 alloy during the
preliminary treatment procedures. The occurrence
of the potential retention at 5V is probably related
either to Cu-intermetallics oxidation, or to adjacent
Al matrix oxide layer growth, coinciding the
intermetallics dissolution. Besides, the horizontal
parts of TPA are slightly lower, compared to those
for the alloy. This fact is a result of the higher
roughness, resulting from the intermetallics
selective dissolution during the preliminary
treatment procedures.

The TPA samples needed EIS data acquisition
at a much higher excitation signal amplitude, in
order to obtain readable spectra. The rather
distinguishable EIS spectra shapes for the pure
aluminum and the alloy reveal clear structural
differences of the AAO films, as consequence of
the respective substrate compositions. These rather
different spectra shapes required different
equivalent circuits for quantitative data fitting
analysis. The analysis results have shown purely
capacitive properties of the AAO formed on TPA,
whereas the alloy showed irregular oxide layer, due
to intermetallic occurrence.

The cathodic curves for TPA are almost
horizontal, due to the barrier passivation of AAO
film, whereas the respective curves acquired for the
AA2024-T3 alloy are smooth and reveal clear
occurrence of corrosion processes. Similar trends
are observable for the respective anodic curves.
Besides, the anodic curves of the alloy possess
inflexions, revealing localized corrosion activity.
The polarization resistance (Rp) values for TPA are
by two orders of magnitude higher than those for
AA2024-T3, because of the superior barrier
properties of the AAO, formed on the technically
pure aluminum. The corrosion potential (Ecor)
values of the alloy samples are in a very narrow
interval, but a great Ecor dissipation was registered
for TPA as a result of the random pit distribution,
as well as the insignificant current densities, near to
the equipment detection minimum threshold.

The SEM and AFM images reveal that the
impact of the anodization process for the
technically pure Al and the highly doped AA2024-
T3 is quite different. In the former case, the
anodization results in only slight smoothening of
the laminas and increase of the pits’ number and
depth. The AA2024-T3 surface looks rather
different from the above described even prior to
anodization. Wide caverns instead of pits are
observable for the alloy samples. Besides, coarse
formations are also observable, probably due to
occurrence of large size intermetallics, which are
formed during the thermal treatment of the alloy.
The formation of pits and caverns during the
preliminary treatments can be ascribed to selective
dissolution of smaller grains of the TPA, and
adjacent Al-matrix surrounding the cathodic
intermetallics of the AA2024-T3 alloy,
respectively. Its AAO film has a more
distinguishable  topology, compared to the
respective bare alloy. The quantitative AFM data
analysis shows that the AAO film is twice smoother
for TPA, than the bare AA2024-T3 alloy (with Sp
values of 190.10 to 62.8 pm), because of
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coincidence of Al-oxide film growth and selective
dissolution.

Summarizing the results of the electrochemical
measurements and the topological observations, it
can be inferred that the TPA forms uniform AAO,
whereas the oxide layer on AA2024-T3 is
composed by a cracked outer layer and an
underlayer.
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CPABHUTEJIHO EJIEKTPOXUMMNYHO 1 TOIIOJIOTUYHO U3CJIIEABAHE HA AHOTHU
OKCHUIHHN ®NJIMN ®OPMHNPAHHN BHPXY TEXHUYECKU UUCT AJIYMHWHNU U
CAMOJIETHA AA2024-T3 CITJIAB

C. B. Koxyxapos, K. A. 'uprusos

Xumukomexuonozuuer u memanypeuier yHugepcumem, 6yin. Knumenm Oxpuocku Ne 8,
1756 Coghus (bvaeapus)

INocrenumna Ha 28 rouu 2017 r.; npueta Ha 07 oxkTomBpu 2017 .
(Pestome)

lonemuTe pa3nuky B MEXaHMYHUTE CBOMCTBA HA YUCTHUS AIyMUHHH W HETOBUTE MHAYCTPHUAIIHH CIUIABU MPEAONPENeIs
3HAQUUTEJIHN BapHallMM Ha TAXHOTO XHMHUYHO M EJIEKTPOXMMHYHO IOBeAeHHe. To3M (akT Hamara no-rnojapoOHO
n3clie/IBaHe Ha Bpb3KaTa MeX/y ChCTaBa Ha CIJIaBTa M HEHHOTO OTHACSHE MU NPEIBAPUTEIHUTE XUMUYHN 00paboTKH,
KakTO M TPH W3JaraHe B KOPO3HOHHM cpenu. HacTosmioTo m3cienBaHe € IMOCBETEHO HA CPAaBHEHHETO HA AHOIHUTE
okcunan ¢pummu (AAO), popMupaHu mpu eTHAKBU YCIOBHA BhPXY TeXHUUecKH axymMuHuid (TPA) n BHCOKO Jiernpana
cruaB (AA2024-T3). AHOTUpPAHETO € TPOBEKAAHO B TAIBAHOCTATUYHO-U30TCPMHUUCH PEKUM, KaTO Ca PETUCTPUPAHU
iN-Situ XpOHO-NOTEHIIMOMETPUYHH KUHETHYHH KPHBH. ENEKTPOXMMHYHOTO MOBEACHHE Ha AaHOJUPAHHTE OOpaslH B
3.5% NaCl cpena e uscieqBaHo upe3 eNEKTPOXMMHUYHA uMIenaHcHa crekrpockomnust (EIS) u nuHeilina BontameTpust
(LVA). Tomnonorusita Ha dopmupanunre AAO ¢uiMu e HabmrOgaBaHa Ype3 CKaHUpalla eJIeKTPOHHA MHUKPOCKOIHSI
(SEM) u atomHo-cumoBa Mukpockonust (AFM). Upe3 U3Mon3BaHNTE aHATUTHYHE TEXHUKU € YCTAHOBCHA 3abenexuma
pasnuka B oTHacsHusTa Ha AAO-Qunmute, oOpaszyBaHu BbpXy TPA u Te3su Bbpxy AA2024-T3. MznonsBanute
CJNIEKTPOXMMHUYHM METOIM TO0Ka3aXxa HAIbJIHO pAa3JIMYHU OTHACSHUS, KOETO € IOTBBPJCHO M OT H3BBPIICHHS
JOIBJIHUTEIHMST NU(PPOB aHAIN3 HA EKCIepUMEHTaTHUTE HaHHH. [loBbpxHOCTHUTEe HabmoneHus (SEM u AFM)
pasKpuxa HaIrbJIHO pa3jiMyHa TOMOJOIMYHA KaPTHHA Ha ITOBBPXHOCTTA 3a JIBaTa M3CJIEABaHN alyMHHUEBH chcTaBa. OT
0000IIEHNEeTO HA PE3yNTATHTE OT EJIEKTPOXMMHUYHUTE H3MEPBAHUS M TONOJOTHYHHUTE HAOIIONEHMS, MOXE Ja ce
3akmoun, 4e TPA oOpasysa paBHOMeper AAO ¢umM, 1okato okcHaHUAT ciaoit Bepxy AA2024-T3 e mo-ckopo HamykaH
U TIpUTEKaBa MO-Majlka TPalHOCT B MOZIETTHATa KOPO3UBHA Cpesia.

KarouoBu nymm: anogupane Ha anymuanid, AA2024-T3, EIS, LVA, SEM, AFM
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