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Abstract

The kinetics of plasma-electrolytic oxidation (PEO) coating growth on AZ31 alloy in an
alkaline—phosphate—aluminate electrolyte was studied. The structure, elemental composition
and corrosion resistance of obtained PEO coatings were studied as a function of thickness. It
was established that formation of the coating layers takes place in the following sequence:
anodic, external and internal layers. Their formation occurs due to: 1) dielectric layer
formation due to anodic conversion of surface; 2) ignition of powerful microdischarges in the
transversal pores of the initially formed coating, forming the main part of its outer layer in
case of increasing duration of the PEO process; 3) etching of magnesium alloy as a result of
electrolyte penetration through the transversal pores to the metal substrate, followed by its
anodizing; 4) ignition of microdischarges under the coatings outer layer, leading to formation
of an inner layer. Existence of the coating inner layer causes a significant increase in corrosion
resistance; however, it is still insufficient for long-lasting standalone corrosion protection. It
was shown that sodium oleate (SOI) is the best inhibitor for the AZ31 substrate, therefore it
was selected for impregnating PEO coatings. Impregnation of the coatings in 10 mM SOI
solution increases their protective ability. Corrosion tests of PEO coated AZ31 samples in a
climate chamber showed that the effect of impregnating is most pronounced for thin PEO
coatings (20 um). Under more corrosive conditions of salt spray test, impregnating the PEO
coating with SOI increased the time until the appearance of the first corrosion marks. It also
significantly slowed down the development of the corrosion marks compared with the samples
coated by PEO without impregnation.
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1. Introduction

Magnesium alloys are widely used in transport and 3C industries due to their low density,
high specific strength, ability to absorb shock energy and vibrations. However, due to their
low corrosion resistance in a wide range of environments they often need protective
coatings to improve wear and corrosion resistance.

The most promising method for synthesizing protective coatings on magnesium alloys
iIs plasma electrolytic oxidation (PEQO), which has been successfully used to protect
aluminum alloys [1-3]. However, PEO coatings formed on magnesium alloys are highly
porous [4—-6]. Moreover, they are two-layered coatings. Their outer layers, which are the
thickest, are more porous than the inner ones [6].

Numerous attempts such as modifying treatment parameters or introducing various
micro- and nanoparticles into electrolytes [7—-17] have been made to increase corrosion
resistance of PEO coatings. However, none of them was successful.

The PEO process of magnesium alloys is a multi-stage process. For example,
Sobrinho et al. [18] suggested that the PEO process of AZ31B is a four-stage process. At
the first stage, anodizing process takes place, which is replaced by local etching of the
formed anodic film (second stage). At the 3rd stage, pores are partially filled up, which
causes subsequent intensive coating formation. At the last stage two types of
microdischarges appear on the working electrode surface. The authors [18] do not take into
account microbreakdowns of a gas-vapor phase, formed in the coating pores, which appear
as a result of Joule heat release, oxygen and hydrogen formation during anodic and
cathodic half-periods, respectively [1-3, 19, 20].

Intensive dissolution of the metal substrate in hot concentrated electrolytes is also not
taken into account during PEO of magnesium alloys. Etching may cause generation of
longitudinal pores along the metal substrate/coating interface and promote PEO process
under the initially formed porous layer [21].

It is likely that knowledge about the time when the denser inner layer starts to grow
allows to increase corrosion resistance of PEO coatings on magnesium alloys.

Another way to increase the protective properties of PEO-coatings is the impregnation
with corrosion inhibitors (Cls). Some chelating agents can be used as effective Cls.
According to [22], 2-hydroxy-4-methoxy-acetophenone, which slows down the anodic
dissolution and corrosion of AZ31D magnesium alloy, is able to form a chelate complex
with magnesium hydroxide. Polarization measurements and electrochemical impedance
spectroscopy (EIS) showed that the maximum protection efficiency is achieved at a
concentration of acetophenone Ci, =50 ppm (Z=90% and 88%, respectively). With a
further increase in Cj,, the Z value decreases, this is consistent with the results of weight-
loss measurement in 0.05% NacCl.
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Among the chelating agents, the most well-known is 8-hydroxyquinoline (8-HQ)
which effectively protects AZ91D alloy and is able to give coatings self-healing properties
[23]. The authors of [24] successfully modified LDH coatings on AZ91 by impregnating
them in an 8-HQ alkaline solution. AZ91D alloy was protected for 30 days even in 3.5%
NaCl (in contrast to LDH without CI). Gnedenkov et al. [25] showed that 8-HQ can be
used to increase the corrosion resistance of PEO coatings on MAS8 alloy. The PEO coating
impregnated in 8-HQ solution for 120 min, demonstrates a good protection in 3% NaCl,
reducing the corrosion current density by 3 orders of magnitude and increasing the
impedance module by two orders of magnitude compared to the uncoated samples.
Moreover, the corrosion rate for samples with PEO coating impregnated by 8-HQ is 17%
lower than for samples without impregnation.

Lamaka et al [26] analyzed the effectiveness of 151 compounds as CI for 6
magnesium alloys (AZ31, AZ91, AM50, WE43, ZE41 and Elektron 21) and 3 magnesium
samples of various purity degrees. Screening showed that the effectiveness of Cls strongly
depends on the composition of the alloy. The sodium salts of pyridinedicarboxylic and
salicylic acid derivatives have proven to be the most universal Cl. The authors attribute
their high inhibition activity to the ability to form stable complexes with iron cations. In
[27], it was shown that PEO coating infiltrated by sodium salt of 3-methyl salicylate and
covered with an epoxy layer effectively suppresses local corrosion after its mechanical
damage. This is due to the presence of CI molecules in the pores, and their accumulation in
the area of the defect.

Salts of phosphonic, carboxylic and phosphoric esters acids containing hydrophobic
alkyls are also known as Cls for magnesium and its alloys [28—32]. Salts of non-toxic
higher acids, in particular sodium oleate, oleoyl sarcosinate, etc., deserve special attention.

In this regard, two concepts were combined in the present study to obtain protective
active coatings on AZ31 magnesium alloy. By understanding and optimizing the growth
mechanism, a dense inner layer of PEO coating is produced while the outer porous layer is
impregnated by an aqueous solution of carboxylate based CI.

2. Experimental

PEO coatings were applied on plates (30x25x2 mm) of magnesium alloy AZ31. The
concentrations (wt.%) of the main alloying elements determined with a SPAS-02
spectrometer (Russia) are given in Table 1.

Table 1. Concentration (wt.%) of main alloying elements in AZ31 alloy.

Al Zn Mn Be Fe Cu Ni Si
3.03 1.00 0.28 0.0005 0.0029 0.0007 0.0010 0.021
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Sodium oleate (SOIl), sodium oleoyl sarcosinate (SOS), sodium linolenate (SLin),
sodium salt of 3-amino-1,2,4 triazole-5-carboxylic acid (SATC), 8-hydroxyquinoline (8-
HQ), mixtures of 8 mM SOI + 8 mM sodium flufenamate (IFKhAN-25F) and 13 mM SOI +
3 mM 8-HQ were studied as Cls. Working solutions of 16 mM of all Cls, except for 8-HQ,
were prepared by dissolving them in distilled water or in testing solutions under stirring for
30 min. Since 8-HQ has a low solubility in water (a total of 3.65 mM or 0.53 g/L), its
16 mM solution was prepared using ethanol as a solvent. To obtain the sodium salts, the
solutions of SOS, SLin, SATC and IFKhAN-25F were neutralized with NaOH.

AZ31 samples were ground on emery papers from 240 to 1000 grit and degreased
with acetone. Passivated layers on AZ31 alloy were obtained by immersion in CI solutions
for 10 min at a temperature of 20+2°C, followed by drying in air for 1 hour.

Polarization measurements were performed in a glass cell with separated electrode
spaces using an IPC-ProMF potentiostat. The potentials of Mg (E) were measured relative
to a silver chloride electrode and recalculated to the normal hydrogen scale. The auxiliary
electrode was Pt. Borate buffer (pH 9.2) containing NaCl (1.0; 10 and 100 mM) and
agueous NaCl solutions (0.3 and 3.0 wt.%) were used as the test solutions in the
electrochemical studies.

Tests with periodic moisture condensation were carried out in a KTW-0.1-002 climate
chamber (Russia). The chamber worked in a cyclic mode. Initially the samples were
exposed to air at T =40+2°C and a relative humidity of 98—100% for 7 hours. Then the
chamber was switched to the cooling mode and for the next 17 hours the samples were
exposed at T=20+£2°C and a relative humidity of 98—100%, which provides moisture
condensation on the samples. During the tests, the samples were inspected every 1 hour to
determine the time of occurrence of first corrosion marks (Teor).

The capacity-based PEO equipment, which was used to perform the PEO treatments
was described in more details in [33].

An aqueous solution based on distilled water and containing 2 g/l of NaOH, 3 g/l
NasPsO.s, and 10 g/l NaAlO, was prepared and the electrolyte volume was kept at
approximately 5 L. An alternating current was passed between the electrodes with a
specified current density of 15 A/dm? which is supposed to be one of the most used
current densities for producing protective coatings on magnesium alloys [4]. The current
was stabilized by its average rectified value.

A Canon 550D digital camera was used for photographic recording of the anodic
microdischarges during PEO treatment of AZ31. The camera was securely mounted on a
stand. The exposure time was 10 ms.

A Fischer Dual Scope FNP10 thickness gauge was used to estimate coating
thicknesses. Prior to measurements the gauge was calibrated using calibration samples and
the alloy surface. At least 12 thickness measurements were carried out at different areas of
the coating, and then the average thickness and standard deviations were determined.
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Micrographs of the surface and cross sections were obtained using a Tescan VEGA3
SB scanning electron microscope, and the concentrations of the elements in the various
coating layers were determined using a supplement to the EDX spectroscope.

A Rigaku Ultima IV X-ray diffractometer with monochromated Cu Ka-radiation was
used for X-ray phase determination.

Corrosion resistance of the coatings was evaluated using immersion tests in 3 wt%
NaCl solution at room temperature with further observations of the first hydrogen bubble
releases and first visible pit appearance, as well as additional tests in Weiss SC/KWT 450
salt spray chamber (SSC). A 5% NaCl (pH 6.9) saline solution was used in the SSC. The
chamber worked continuously in a cyclic mode: 15 minutes of saline spraying, then the
spraying was stopped for 45 minutes, then the cycle was repeated. The tests were carried
out at t=35°C and a relative humidity of 95-100%. Inspection of the samples was
performed 3 times a day to establish the time of occurrence of first corrosion marks (t.).

All results given in this study are calculated from a set of experimental data after at
least five reproductions of each measurement.

3. Results and discussion

Selection of corrosion inhibitor

The primary selection of Cl was carried out using AZ31 without PEO coatings. The CI
containing passive films were produced by immersion of the alloy into various CI
solutions. The protective effect of these Cl containing films was studied afterwards in
borate buffer solution (pH 9.2) containing 1 mM NaCl (Figure 1). For this purpose,
immersion samples were dried, then placed into the cell and the anodic polarization was
immediately started from the open circuit potential (Eqcp).

As can be seen from Figure 1, when the bare AZ31 electrode is immersed in the
buffer solution, active dissolution of magnesium is observed (Eqe =—1.52 V). Films
formed in aqueous solutions of 16 mM SLin and SATC only shift the initial potential by 66
and 104 mV in the anodic direction, respectively. Treatment in a 16 mM ethanol solution
of 8-HQ increases E,, by 0.124 V; there is no region with low current densities on the
anodic polarization curve. The SOS film stimulates anodic dissolution, shifting E,, by
39 mV in the cathodic direction.

The best performance was obtained after passivation of the electrode in a 16 mM SOI
solution. A passivity region and the highest increase in Eq, (—1.28 V) can be observed on
the anodic polarization curve. The mixed compositions IFKhAN 25F as well as 13 mM
SOl + 3mM 8-HQ are slightly less effective than the SOI itself in shifting the OCP
(—1.44 V), but extended regions with reduced anodic dissolution are also present on the
polarization curves. The adsorption film of the IFKhAN-25F mixture provides a greater
shift of Eyp, than the mixture of SOI with 8-HQ (149 and 81 mV, respectively). However,
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the region of reduced anodic dissolution for 13 mM SOI + 3 mM 8-HQ is more extended
than in the case of IFKhAN-25F.

-----------------------

Figure 1. Anodic polarization curves of AZ31 alloy in a borate buffer with a pH of 9.2
containing 1 mM NacCl: bare AZ31 without preliminary CI adsorption (1) and after immersion
into 16 mM CI solutions for 10 min and drying in air: 2 — SOIl, 3 — SOS, 4 — IFKhAN-25F,

5 -8-HQ, 6 — SLin, 7 — SATC, 8 — mixture of 13 mM SOI+ 3 mM 8-HQ.

For the best performing CI solution with SOI the influence of CI~ concentration was
checked. Figure 2 shows the anodic polarization curves of AZ31 in borate buffer of pH 9.2
containing 16 mM SOI with addition of NaCl with concentrations of 1, 10, and 100 mM
(Figure 2). The electrode was immersed in the solution for 5 min prior to polarization with
a sweep rate of 0.2 mV/s starting from the OCP.
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Figure 2. Anodic polarization curves of AZ31 alloy in borate buffer pH 9.2 without CI (1) and
with 16 mM SOI (2) in the presence of NaCl with a concentration of 1 mM — “without an
upper index”’; 10 mM — “*”; and 100 mM — “**”,
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The concentration of NaCl in the absence of the CI does not affect the anodic
dissolution of the AZ31 alloy too much. However, in the presence of SOI, with an increase
in Cnaci, the “pseudo”-passive region with reduced anodic dissolution decreases
significantly, and the retardation of pitting is reduced as well by increasing CI”
concentration: Eg;;t =1.04, 0.46 and 0.26 V, respectively.

As can be seen in Figure 3, even in the presence of 3% NacCl, the addition of 16 mM
SOI reduces the anodic current density. An increase in the concentration of SOI almost
does not change E,; however, a significant increase in E; is observed on the anodic
polarization curves, and, as a consequence, the onset of pitting is retarded.
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Figure 3. Anodic polarization curves of AZ31 alloy in 3% NaCl without CI (1) and after
adding SOI in different concentrations: 2 — 16 mM, 3 — 50 mM, 4 — 100 mM.

According to data obtained earlier in [30, 31] on Mg90 alloy (99.9% of Mg) during
periodic condensation of moisture, corrosion damages appear on it after 0.5—-1 hours. The
protection efficiency of this alloy with the Cls increases in the following order: SLin <
SOS < SOl (the T is 4; 8 and 18-20 h, respectively). The results of the same corrosion
tests for the AZ31 alloy (Table 2) showed that it is somewhat more corrosion resistant, and
SOl is the most effective CI for it.

SOl was also the best option to protect Mg90 alloy preoxidized in 5 M NaOH, thus
covered with a thin oxide—hydroxide film (~80 nm) [31]. According to electrochemical
and corrosion data, the use of SOl solutions for impregnating PEO coatings on AZ31
appears to be the most appropriate.

PEO of AZ31 in alkali-aluminate electrolyte

The kinetics of PEO coating growth on AZ31 alloy (Figure 4) in an alkali—phosphate—
aluminate electrolyte can be described by linear laws. During PEO in the time range from 0
to 12.5 min: the coating thickness h can be determined by h = 1.98-t (the 1% linear law),
and in the range of 12.5-32.5 min: by h = 24.7 + 1.6 (t — 12.5) (the 2™ linear law).
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Table 2. Results of climate chamber corrosion tests of samples from AZ31 alloy pretreated in CI solutions.

No. The composition of the passivating solution Teor- N
1 Without inhibitor (blank) 1.5-2
2 16 mM SOI 23-27
3 10 mM SOI 20
4 16 mM SOS 9
5 16 mM IFKhAN 25F 18,5
6 16 mM 8-HQ 5
7 16 mM SLin 6
8 16 mM SATC <1
9 13 mM SOI + 3 mM 8-HQ 23
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Figure 4. Kinetics of the coating average thickness growth and evolution of voltage as
function of time during PEO treatment of AZ31 in an alkali—phosphate—aluminate electrolyte.

During PEO of magnesium alloy in alkali-phosphate—aluminate electrolyte the type
of micro-discharges, igniting on the working electrode surface, is changing visually with
increasing treatment time (Figure 5). After a short time interval (not more than 40 s)
numerous anodic microdischarges appear on the sample surface; their intensity increases
with exposure time up to 12.5 min. This is typical for PEO treatment of all light metals [1—
6]. Occurrence of this type of microdischarges corresponds to kinetics described by the 1%
linear law of coating growth.
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It can be seen from the micrographs (Figure 6a) that during this time period a
generation of longitudinal pores close to the metal substrate is taking place.

However, if the treatment time increases to more than 12.5 min, small faint
microdischarges appear on the working electrode surface simultaneously with the single
powerful microdischarges (Figure 5a). When the treatment time exceeds 25 min, the bright
more powerful anodic microdischarges disappear and just faint ones ignite (Figure 5b).
With the appearance of the second type of discharges the linear law of the coating growth
changes (Figure 4) and the inner layer starts to grow.

Figure 5. Appearance of microdischarges for treatment times longer than 12.5 (a) and 25 (b)
min of PEO treatment of AZ31 alloy in alkali-phosphate—aluminate electrolyte.

The finally synthesized coating after 32 min is three-layered (Figure 6b), consisting of
anodic, inner and outer layers.

f 20 pm 1

Figure 6. SEM micrographs of cross-section morphology of coatings with various
thicknesses: a) 18.5+3.5 um; b) 54.5+5.0 um synthesized on AZ31 after PEO treatment in an
alkali—phosphate—aluminate electrolyte.
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The outer layer is composed of MgO, Mgz(PO,), and MgAl,O, while the inner layer
mainly consists of MgO (Figures 7, 8, Table 3).
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Figure 7. XRD patterns of the coatings obtained during PEO of AZ31 alloy in an alkali—
phosphate-aluminate electrolyte; the average coating thickness is 55 um.
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Figure 8. SEM micrograph of cross section morphology of coating obtained during PEO of
AZ31lin an alkali—phosphate—aluminate electrolyte; the average coating thickness is 54.5 pm.
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Table 3. Elemental composition of PEO coatings obtained on AZ31 (locations of analysis according to
Figure 8).

Composition, wt. %

Element
Point 11 Point 12 Point 13
Mg 37.6 51.5 52.6
0 43.7 46.1 47.0
Al 14.5 15 0.4
P 4.2 0.9 -

It is well-known [18, 34-37] that the coating growth on magnesium alloys during
PEO treatment is multi-staged. The same was observed here for the PEO processing of
AZ31 in an alkali—phosphate—aluminate electrolyte (Figure 5, 6).

At the first stage anodizing and significant increase of the anodic voltage take place
(Figure 4). Then at the second stage the coating growth mainly occurs due to the ignition
of anodic plasma microdischarges in transversal pores which reach the metal substrate.
These microdischarges promote heating of adjacent coating areas. In this case similar to
PEO of aluminum and titanium alloys oxidation of the metal substrate, electrolysis of
anions on the working electrode surface and plasma-thermochemical treatment of the
coatings occur [1-3].

The electrolyte penetrates towards the metal base through the transversal pores of the
coating. The OH™ ion concentration in the electrolyte, filling the coating pores, increases
due to cathodic reactions which lead to formation of hydroxide ions.

In the time intervals when plasma microdischarges don’t occur during PEO, the
following processes can take place: 1) at temperatures above 60°C Mg and MgO are
dissolving (at higher rates at locations adjacent to intermetallics [21]). In the metal
substrate—coating interface region, generation of longitudinal pores starts; 2) anodizing
takes place with formation of MgO on the metal substrate and its simultaneous dissolution.

This is the reason why PEO coatings with thicknesses up to 20 um synthesized on
magnesium alloy in various electrolytes are highly-porous [6, 7, 39].

Further PEO treatment of AZ31 increases the level of filling-up of pores. The
probability of occurrence of two independent discharge processes is increasing (Figure 7a).
PEO also starts under the coating outer layer due to increase of the energy released by
microdischarges in numerous pores of the anodic film. Furthermore, formation of large
microvoids takes place in transversal twisting pores (Figure 7a). The latter is probably
caused by ignition of powerful microdischarges in narrow places or at kinks of those pores
(Figure 7a) due to filling-up with the gas—vapor phase containing large amounts of anodic
oxygen and cathodic hydrogen. Thus, voids are generated in the coating outer layer
(Figures 6b, 9b). When microdischarges start to occur at the bottom of large pores



Int. J. Corros. Scale Inhib., 2019, 8, no. 4, 1170-1188 1181

(Figure 7b), they can cause microdiscontinuity of melted coating parts adjacent to these
breakdowns [6].

A large amount of gas is released, as well in ionized form, causing formation of large
microdefects on the surface [4, 6].

The microdischarges, which appear under the coating outer layer, cause oxidation of
the metal substrate. The melted magnesium oxide remains in the inner layer formed on the
anodic film (Figure 6b).

The electrolysis of tetrahydroxoaluminate anions does not occur on the surface of the
coating inner layer due to a large number of micro-discharges igniting in the pores of these
layers, thus the gas—vapor phase covers a large part of its surface. This is the reason for the
presence of large amount of MgO in the coating inner layer (Figure 6, 7, Table 3).

At this stage two types of microdischarges faint small ones and bright larger ones
appear on surface of the working electrode (Figure 5a).

If the coating thickness exceeds 45.7+5 um, only faint microdischarges appear and
the powerful ones disappear (Figure 5b). Probably, the increase in temperature in the
coating is the reason for this. Thus, the height of the gas—vapor phase in transversal pores,
including those having large voids, increases. At the 4™ stage, PEO takes place only in the
microvoids of the inner layer (Figure 9c).

The abovementioned mechanism of PEO coating formation on AZ31 shows that the
obtained coating consists of three layers: anodic film, outer and inner layers (Figures 6b, 9c).

However, if the PEO coating thickness exceeds 56 um, the 5" arc stage starts and
coating defects appear. It is accompanied by short-term noise effects followed by sudden
decrease in the voltage and increase in the current. Probably, it happens as a result of the
anodic voltage value exceeding the value of gas-vapor phase breakdown voltage in one or
more transversal pores. Their breakdowns are accompanied by high energy release, causing
severe damage to the coating.

However, even if the treatment is stopped on the 4™ stage, the obtained corrosion
resistance is not sufficient for long-term stand-alone corrosion resistance (Table 4).

Table 4. Time before the first visible pit appearance (t,) during exposure of AZ31 alloy with and without
PEO coatings in 3% NaCl solution.

Coating thickness, pm tp, h
0 0.25+0.05
18.2+2.3 17.5+£3.5
43.9+3.5 17+4.5
53.0+£6.9 2142

In order to increase the protective ability of the coatings it is possible to fill them with
corrosion inhibitor using mainly the outer porous coating part as a land of microcontainers.
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Figure 9. Mechanism of coating formation on AZ31 during PEO treatment in an alkaline—
phosphate—aluminate electrolyte when various types of microdischarges appear.
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Corrosion testing of PEO coatings filled with sodium oleate

To assess the effect of SOI on the protective ability of PEO coatings, they were
impregnated for 10 min by 10 mM SOl solution and exposed to air for 24 h. The thickness
(d) of the PEO coatings on AZ31 alloy was 20, 40 and 57 pum, respectively.

The polarization curves of AZ31 alloy with PEO coatings recorded in 0.3% NaCl
show that the resistance of the coatings increases slightly with increasing thickness, while
the increase in protective ability is more pronounced on passage from 20 to 40 um
(Figure 10). Infiltration by the SOI solution increased E,, and the breakdown potential in
all cases, which indicates an improvement in the corrosion resistance of PEO coatings.

i, pA/cm2
80 1

60 -
40 -

20 A

Figure 10. Anodic polarization curves of AZ31 alloy with three different PEO with 20 (1, 1%),
40 (2, 2*) and 55 (3, 3*) um coatings thickness, without (1—3) and with infiltration of 10 mM
SOl solution.

The results of further corrosion test of coatings with a thickness of 20 and 40 um in a
climate chamber and by SST are presented in Table 5. In a humid atmosphere, the coatings
showed a high protective ability, however, for the sample with d = 20 um without filling
by SOI, the first corrosion damage appeared after 2.5 months. Testing of the remaining
samples continued until 5 months, but no signs of corrosion appear on them.

The effect of CI infiltration into PEO coatings is pronounced when PEO coatings are
tested in SST. The first signs of corrosion on samples without CI impregnation appeared
after 120 h with a PEO coating thickness of 20 um and 144 h for coating with d = 40 pum.
The impregnation of coatings with SOI increased the time to corrosion damage by 3—4
days. After 720 h of testing numerous traces of corrosion products are observed on samples
with PEO coatings without impregnation with SOI. They show localized areas with strong
active corrosion. Samples with PEO coatings impregnated by CI also have signs of
corrosion, but their intensity is much lower. Thus, on samples with a PEO coating
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containing SOI with d = 20 um, corrosion is more common over the full area of the sample,

but on samples with d = 40 um it appears only in form of small localized pits.

Table 5. Test results of samples with PEO coatings.

Dipping in a solution of 10 mM SOI

40

d, pm Test duration
- +
Climate chamber
20
5 months
40
20
720 h
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Conclusions

1

3

. The mechanisms of three layered coating formation during PEO of AZ31 in alkali
phosphate-aluminate electrolyte is proposed. Outer, anodic and inner layers are forming
according to different mechanisms, involving: 1) ignition of powerful microdischarges
in the vertical pores of the outer layer and in the spherical pores formed inside of it. A
formation of a melted but porous layer is the result; 2) etching of magnesium, when the
electrolyte reaches the metal substrate through the vertical pores, followed by anodizing
of the substrate; 3) PEO microdischarges under the outer layer of the coating
accompanied by deposition of the melted magnesium oxide in the inner layer.

. It is revealed that the kinetics of linear coating growth changes because of the ignition of
microdischarges under the outer layer of the coating and mainly growth of the inner
layer of the coating.

. Among the investigated 7 Cls and mixtures (SOI, SOS, SLin, sodium salt of SATC, 8-
HQ, SOI+8-HQ, IFKhAN-25F), SOI showed the highest protective properties according
to the results of polarization tests. Corrosion tests of AZ31 samples with preformed ClI
films in humid atmosphere also confirmed the effectiveness of SOI, therefore it was
selected for impregnating PEO coatings.

. Infiltration of PEO coatings in a solution of 10 mM SOI with subsequent drying of the
samples in air can significantly increase their protective ability. Corrosion tests of such
samples in a climate chamber showed that the filling effect is pronounced for thin PEO
coatings (20 um), which, in the absence of CI impregnation, showed signs of corrosion
even in a humid atmosphere. Under more corrosive conditions of SST, the SOI filling of
PEO coatings increased the occurrence time of appearance of the first corrosion damages
and significantly slowed down the onset of corrosion.
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