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The successful doping of Yttrium (Y) in the Mg-Al layered double hydroxide film (MgAlY-
LDHs) is obtained by hydrothermal way on the anodic oxide film of Mg-2Zn-4Y alloys. The
composition, morphology and structure of MgAlY-LDHs were characterized by the Fourier
transform infrared spectroscopy (FT-IR), X-ray diffractometer (XRD), field-emission
scanning electronic microscope (FE-SEM) and energy dispersive spectrometry (EDS)
respectively. The electrochemical behavior was observed by polarization curves and
electrochemical impedance spectroscopy (EIS). Y ions can be incorporated into the
MgAl-LDHs film in a completely isomorphic replacement manner and have the ability
to improve the corrosion resistance of the film. Moreover, the ternary LDHs film grown in
situ on the Mg-2Zn-4Y alloy provides a high possibility for the corrosion resistance of
industrial metals. The schematic representation of electrochemical behavior and the
growth mechanism of MgAlY-LDHs nanosheet are as following eventually.
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1 INTRODUCTION

Magnesium alloys are considered to have a bright prospect because of their low density and
environmentally friendly properties (Mordike and Ebert, 2001; Prado and Cepeda-Jiménez, 2015;
Polmear, 2017). However, the high chemical activity of magnesium leads to its susceptibility to
corrosion, limiting its industrial application (Srinivas et al., 2022). Therefore, the corrosion and
protection of magnesium alloys have been listed as an important research topic in the material field
in recent years. At present, the main method to effectively improve the corrosion resistance is the
technology of surface coating, which is to prevent the corrosion of metal materials by a special
treatment process and physical barrier method to limit the contact between the external corrosion
medium and internal matrix (Stoltenhoff et al., 2002). Among the rest, anodic oxidation is the most
effective method. Because of its simple and mature process, this method is widely used (Hornberger
et al., 2012; Atrens, 2015). However, the magnesium alloy matrix is unprotected when the film is in
the corrosive environment because of the porous and loose structure of the anodic oxide surface
(Blawert et al., 2006). This is why magnesium anodization is rarely used commercially to improve
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corrosion resistance (Blawert et al., 2006). Therefore, it is
necessary to research an effective way to seal the anodic oxide
film (Huang et al., 2014).

The layered double hydroxides (LDHs) have the possible
ability to possess an active corrosion system. LDHs are a
typical two-dimensional layered nanomaterial that has broad
prospects (Scarpellini et al., 2014; Zhang et al., 2014), the
chemical formula of which is [M1-x

2+M3+(OH)2]
x+(An−) x/

nmH2O, in which the anion An− is in the hydrated interlayer
galleries (such as OH−, NO3

−, and PO4
3−), and the metal cations

M3+ andM2+ (such as Al3+, Y3+, andMg2+) occupy the octahedral
holes in the brucite-like layer (Dong et al., 2014). This inorganic
nanocontainer is widely applied in the research on corrosion
protection because of high loadings, easy modification, and small
size. Corrosion occurs when the corrosion environment destroys
the main physical barrier of metals, causing the corrosive medium
(such as Cl−) to contact the bare metal substrate. Thus, the
obvious feature of ion exchange is that it can release the
interlayer anion and adsorb Cl− when it confronts corrosive
ions (Lu, 2018). As a result, the LDH film grown on the
surface of anodized magnesium can not only seal the porous
anodic oxide layer but also improve the thickness of the protective
film successfully. Thus, this structure has a synergistic impact of
promotion on improving the corrosion resistance of
magnesium alloy.

As a unique two-dimensional-layered structure, the structure
characteristics are maximized to the modification of LDHs to
enhance the resistance of corrosion property. Nowadays, a great
number of researchers (Zhang, 2017a; Zhang, 2017b; Zahedi Asl,
2019) paid more attention to change rare earth ions (La and Ce)
in LDHs, and research studies started with being published in the
study of corrosion. Zhou et al. (2019) found that the fabrication of
ZnAlLa-LDHs can improve the anti-corrosion of 6,061
aluminum alloys. The phenomenon that MgAl-LDHs doping
with Ce can enhance the corrosion protection property of
magnesium alloys was found in one of our previous research
studies (Zhang, 2018; Zahedi Asl, 2019; Zhang, 2019). However,
compared to light rare earth elements (La, Ce), heavy rare earth
elements (particularly Y) with low content on earth have no
awareness. In addition, although Y has good corrosion inhibition
performance, Y-doped ternary LDH films are rarely researched
(He et al., 2010; Liu et al., 2010). In fact, ternary LDH has been
widely studied in the field of catalysts. Y, La, and Ce addition in
MgAl-LDHs can effectively enhance the performance of catalysis
(Angelescu et al., 2004; Das et al., 2006; Mrózek, 2019) and
luminescence activity (Smalenskaite et al., 2017). Particularly,
compared with Ce and La, Y has the lowest electronegativity
(1.22) and the smallest ionic radius (0.90 Å) in the same IIIB
group (Wang et al., 2014), which makes it theoretically possible to
carry Y inMgAl-LDH structure. Meanwhile, the adulteration of Y
can improve the specific surface region (Świrk, 2019) and increase
the dispersion of active sites (Pavel, 2011) as well as get finer LDH
crystallites (Świrk, 2018), which can be used to make
contributions to the synthesis of MgAlY-LDH film.

Moreover, the preparation of ternary LDHs usually uses the
co-precipitation way. Recently, the study hotpot is that the in situ
growth method is often used in preparing LDH film, which can

contain less impurity phase concentration, possess the binding
force between the substrate and film, and get a wide application
prospect. Furthermore, the protective Y2O3 coating can be grown
voluntarily on the surface of Mg substrates (Guo et al., 2010;
Ardelean et al., 2013; Lyu et al., 2020). Furthermore, component
cations can be provided by the anodic oxide film of Mg–2Zn–4Y
alloys for in situ ternary LDHs, and the film can serve as a physical
barrier to prevent the invasion of corrosive media. MgAlY-LDHs
can possess the property of self-healing and anti-corrosion ability
by the way of sealing the anodic oxide films (Bîrjega, 2005).

In this work, we investigated the possibility of ternary MgAlY-
LDHs growing on the anodic oxide film of Mg–2Zn–4Y alloy in
situ and investigated the isomorphous substitution mechanism of
MgAlY-LDHs by adding different concentrations of Y.
Furthermore, the morphology, structure characteristics, and
composition of MgAlY-LDHs were studied. The corrosion
resistance of MgAlY-LDHs was initially evaluated by
electrochemical activity.

2 EXPERIMENTAL

2.1 Materials
Mg–2Zn–4Y alloy was manufactured in an anti-electric furnace
under an environment of protective gas admixture (1% SF6 and
99% CO2). The raw materials were commercially pure Mg (Ni %
< 0.007%, Al % < 0.006%, Si % < 0.005%, Fe % < 0.004%, Cu % <
0.003%, and Mg ≥ 99.95%), pure Al (Al % ≥99.5%, impurity
<0.15%), pure Zn (Ni % < 0.01%, Si % < 0.03%, Cu % < 0.01%, Al
% < 0.03%, Fe % < 0.05%, and Zn % ≥ 99.9%), and Mg-Y master
alloys (purity ≥99.5%, Ni% < 0.01%, Al % < 0.03%, Si % < 0.03%,
Cu % < 0.01%, Fe % < 0.05%, and Y % = 30%). The alloys were
melted at 750°C for 20 min, and then the film was placed in a mild
steel mold (size φ200 mm × 85 mm) preheated at 300°C to

FIGURE 1 | XRD image of specimens with different Y% fabricated on
anodized oxide films on Mg–2Zn–4Y alloys.
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prepare Mg–2Zn–4Y ingots and finally cooled in an air solution
for 6 h. The Mg–2Zn–4Y alloy was cut into slices of 10 mm ×
10 mm × 2 mm and 20 mm × 20 mm × 2 mm. The samples were
grounded from # 150 to # 3,000 using particle size silicon carbide
sandpaper, washed with ethanol and deionized water, and
finally dried.

2.2 Preparation of the Anodic Oxide Film
The samples were anodized in the successively stirred electrolyte
of 0.6 mol/L NaF, 0.21 mol/L Na3PO4, and 3 mol/L NaOH, and
the stable voltage is 20 V for 30 min by DC-regulated power. The
prepared samples are anodic oxide films of the phosphoric acid
system. All anodized samples are named AO. The cathode is
made of 1Cr18Ni9Ti stainless steel, and the anode is made of
magnesium alloy. The sample with the micro-arc oxidation film is
cleaned with ethanol and dried.

2.3 Preparation of MgAlY-LDHs
The MgAlY-LDH films were produced by immersing the
anodized samples in 0.3 M NaNO3 and 0.05 M M(NO3)3 (M =
Al and Y) mixture solution with a pH value in the alkaline range
by putting the diluted ammonia on. The mixture solutions are put
into the Teflon-lined autoclave, and the synthesis was performed

at 125°C for 12 h. Then, the filmed samples were rinsed with
deionized water, ultrasonically cleaned with ethanol, and finally
dried under environmental conditions. Meanwhile, the in situ
growth of MgAlY-LDH films on different anodic oxide films is
researched by changing the ratio of Y3+ to Al3+ (including Al and
Y ions): 0, 20, 40, 60, and 80%. The final samples prepared with
different Y3+ concentrations are named as 0Y, 20Y, 40Y, 60Y,
and 80Y.

2.3.1 Permission to Reuse and Copyright
Figures, tables, and images will be published under a Creative
Commons CC-BY licence and permission must be obtained for
use of copyrighted material from other sources (including re-
published/adapted/modified/partial figures and images from the
internet). It is the responsibility of the authors to acquire the
licenses, to follow any citation instructions requested by third-
party rights holders, and cover any supplementary charges.

2.4 Characterization and Performance Test
The morphology components of each sample are tested by
VEGA3 field-emission scanning electron microscopy (FE-SEM,
Vega3 TESCAN SRO Czech) and EDS. The crystal structure of
ternary LDHs of each sample is examined using an X-ray

TABLE 1 | Structure data of specimens with different Y% fabricated on anodized oxide films on Mg–2Zn–4Y alloys.

Specimen 0Y 20Y 40Y 60Y 80Y AO

Lattice constant a 3.0378 3.0466 3.0598 3.0456 3.0306 —

Lattice constant c 22.6353 22.6092 23.21295 23.1513 22.93815 —

(a) Lattice parameter a = 2 × d110, (b) c = 3/2(d003 + 2d006).

FIGURE 2 | SEM image of LDH specimens with different Y% fabricated on anodized oxide films on Mg–2Zn–4Y alloys: 20Y (A); 40Y (B); 60Y (C); 80Y (D); and
0Y (E).
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diffractometer (XRD, D/Max 2,500 × Rigaku Japan) and a Nicolet
IS5 model Fourier infrared spectrometer (FT-IR, Nicolet IS5
Thermo Scientific, United States). The corrosion behavior of
the sample in 3.5 wt% NaCl solution is tested using an
electrochemical workstation (Parstat 4000A PAR,
United States). A three-electrode battery system with the
saturated calomel electrode as the reference electrode, the
platinum mesh as the counter electrode, and the sample with
an exposed area of 1 cm2 as the working electrode is established in

a Faraday electromagnetic shielding box. Among them, when the
scan rate is set to 2 mV s−1, the Tafel polarization curve with
reference open circuit potential (OCP) from −0.8 to 0.8 V is
obtained.

3 RESULTS AND DISCUSSION

3.1 Characterization of Film Composition,
Structure, and Morphology
Figure 1 shows the XRD patterns of different specimens. Among
all, the characteristic peaks of MgO and Y2O3 are found in all
samples, which indicates the compound composition of the
phosphate anodized film on Mg–2Zn–4Y alloy. Significantly,
the characteristic peaks of Y2O3 and Mg substrate in samples
60Y and 80Y are more obvious than others. This may indicate
that the moderate concentration of Y3+ is conducive to the
dissolution of the anodized film. Furthermore, the
characteristic peaks (003 and 006) are found in the each LDH
sample. In particular, the peaks of 003 and 006 in 60Y shift most
obviously to the left, that is to say, adulteration Y leads to the
increase of the lattice parameter, interlayer distance, and
crystallite dimension. This may indicate that the most obvious
changes have taken place in the main structure of LDHs when
Y3+/Al3+ equals 1.5, which means in situ substitution is the
strongest. In addition, the characteristic peaks of Y(OH)3 are
found in all samples. This may indicate that part of rare earth Y
ions can turn to Y(OH)3 on LDHs.

Table 1 illustrates the lattice parameters of specimens with
different Y%, which can be calculated by the formula a, b inferred
by XRD data. With the increasing proportion of Y, the lattice
constants a and c are seen to increase in most specimens.

FIGURE 3 | EDS spectra of the corresponding points in Figure 2: 20Y [(A), 1]; 40Y [(B), 2]; 60Y [(C), 3]; 80Y [(D), 4]; and 0Y [(E), 5].

FIGURE 4 | FT-IR pattern of different specimens.
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Generally, the lattice parameter-a is considered the interplanar
distance, which equals the average distance of cations in LDH
(Wang et al., 2019a). The slight increase of constant-a indicates
that the large cations enter LDH, causing the planar distance
enlarges, or even the fragmentation, and refinement resulting
from the isovalent substitution. The big size of Y cations leads to
the increase of planar distance abnormally. The prominent
increase of parameter-c reveals the expansion of the interlayer

passage (Wang et al., 2019a). The hydrated anion species
significantly are relied on parameter-c, and the degree of
trivalent cation substitution has an influence on electrostatic
forces from anions (Smalenskaite et al., 2017; Wang et al.,
2019b). Meanwhile, Y element has relatively low
electronegativity, resulting in parameter-c increases by
improving the electrostatic forces from anions. In addition, the
parameter-a for 80 Y and parameter-c for 20Y show slight
decline, which means Y species did not infiltrate LDH very
well related to cracks between coatings and the substrate in
Figure 5. The cracks cause volume expansion and irregular
deformation, leading to constant a and c drops. Overall, the
addition of Y species leads to obvious changes in structure data as
shown in Table 1; Figure 1.

Figure 2 shows the SEM micrographs of samples. All the
samples show typical undulating LDH nanosheet morphology,
and some areas are covered with some substances (Figures
2A–D). Figure 2 e shows that a great number of coarse
lamellar structures are found. Moreover, EDS analysis of the
protrusion area of the samples is shown in Figure 3; Table 1. The
element contents of areas 1 and 2 in Figure 2 show that the

FIGURE 5 | Cross-sectional images of different specimens: 0Y (A); 20Y (B); 40Y (C); 60Y (D); and 80Y (E).

FIGURE 6 | Polarization curves of LDH specimens with different Y%
fabricated on phosphoric acid anodized oxide films on Mg–2Zn–4Y alloys of
specimens immersed in 3.5 wt% NaCl solution.

TABLE 2 | EDS profile recorded for the corresponding points on different
specimens in Figure 2: 0Y (a, 1); 20Y (b, 2); 40Y (c, 3); 60Y (d, 4); and 80Y
(e, 5).

Sample 0Y (at.%) 20Y (at.%) 40Y (at.%) 60Y (at.%) 80Y (at.%)

Mg 29.7 27.4 20.3 30.5 26.2
Al 8.6 8.7 6.4 8.2 6.1
Y 0.7 1.4 4.5 0.9 3.2
O 60.5 62.5 68.8 60.1 64.5
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accumulated material may be Y(OH)3. Area 3 shows a large
number of clusters of LDHs distributed uniformly on the surface.
The composition of ternary LDHs can be determined by EDS
analysis. EDS analysis of some agglomerates in area 4 shows the
morphology of incompletely crystallized ternary LDHs. The
energy spectrum analysis of area 5 shows that the flake
material may be Mg (OH)2. Combining SEM and EDS
analysis of different Y contents, the morphology of MgAlY-

LDH nanosheets may be a convex cluster, and some rare earth
Y ions in cluster-like material are covered on the LDH sheet.
Some of the isomorphic substitutions of Al ions on Y ions existed,
and ternary LDHs nanosheets were successfully obtained. In
addition, rare earth ions (Y3+), which are larger than
aluminum ions, enter the LDH matrix layer to form a matrix
crystal lattice, resulting in the morphology of ternary LDHs as
convex clusters (Dai et al., 2021).

FIGURE 7 | EIS spectra of specimens immersed in 3.5 wt% NaCl solution. (A,B); equivalent circuits and physical models of coatings (C,D); EIS data and fitting
curves (straight line) of different coatings in 3.5 wt% NaCl solution after immersion for (E,F) 4 days.
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The FT-IR spectrum of each sample is shown in Figure 4. In the
chemical formula of LDH, anions An− contain OH−, NO3

− and
PO4

3−, and metal cations M3+ are composed of Al3+ and Y3+.
Meanwhile, the mental ion Y3+ is considered to relate to Y(OH)3
in the XRD image (Figure 1.). Thus, the result of the FT-IR spectrum
is in accordance with the XRD image. The vibration wavelengths of
all samples at 3,693, 3,430, and 1,640 cm−1 correspond to the
hydroxyl bands of water or LDHs, respectively (Luo, 2019). Each
sample showed characteristic peaks at 1,360 and 950 cm−1, which
was attributed to the vibration absorption of NO3

− and PO4
3-,

indicating the presence of NO3
− and PO4

3- in the interlayer of
LDHs (Zăvoianu, 2018). In addition, the vibrational stretching of
Y-OH appears in the band around 660cm−1. In addition, the bands
around 660 and 550 cm−1 are attributed to the vibrational stretching
of Y-OH and Al-OH, respectively (Zhang, 2016; Zhang, 2019; Jiang
et al., 2021). With the gradually increasing Y content, we can find
that the strength of Y-OH increases gradually, indicating that more
Y(OH)3 is attached to the surface of the film.

The SEM image of the cross section of each sample is
shown in Figure 5. The thickness of the samples of 0Y, 20Y,
40Y, 60Y, and 80Y correspond to 3.66, 5.31, 4.52, 5.30, and
2.98 μm, respectively. The reason why the thickness of the
samples is different is that the growth condition of films is
controlled by the concentration of Y. It can be seen from the
cross-sectional image that the samples of 20Y, 40Y, and 60Y
have grown a relatively thick film, which may indicate that
20Y, 40Y, and 60Y samples have appropriate conditions for
film growth. However, there are cracks between the 0Y, 20Y,
40Y, and 80Y coatings and the substrate, indicating that the
bonding force between the coating and the substrate is
relatively poor. In addition, the cross section of the 60Y
sample is relatively dense and thick, and there is no gap
between the sample and the substrate, indicating that the
coating has a better growth condition when the concentration
is 60Y.

3.2 Corrosion Resistance Test of the Film
Wemake the corrosion resistance tests aiming at LDH specimens
with different Y% fabricated on phosphoric acid anodized oxide
films on Mg–2Zn–4Y alloys of specimens. Figure 6 shows the
polarization curves of different samples immersed in 3.5 wt%
NaCl solutions. The electrochemical parameters corresponding
to each polarization curve are listed in Table 2. Here, the
corrosion potential (Ecorr) cannot measure the corrosion
resistance of the coating because Ecorr will be significantly
affected by thermodynamic properties of the material (Adsul
et al., 2021; Cui et al., 2021). Usually, a lower corrosion density
(icorr) is regarded as an excellent corrosion prevention property
(Ramezanzadeh et al., 2016; Chen et al., 2022). It can be seen in
Table 2 that the current density of 20Y, 40Y, 60Y, and 80Y is
close; among these, 20Y, 40Y, and 60Y have relatively thick
coating making their current density rather low. However, it
may indicate that because there are cracks between coating and
substrate and the bonding force is poor in 20Y and 40Y, their
current density is higher than 60Y, while 80Y has relatively thin
coating leading to climbing of current density. Meanwhile, the 0Y
and 100Y samples have more cracks and thin-film leading to
corrosion current much higher than other samples. The 60Y
sample has the lowest corrosion current, reaching 2.933 × 10–8 A
cm−2, indicating that the ternary MgAlY-LDH film prepared on
the phosphoric acid anodic oxide film has the best corrosion
resistance. Also, other samples with a concentration close to 60Y
(20Y, 40Y, and 80Y) all have good corrosion resistance.
Therefore, the LDH film grown in situ on the phosphoric acid
anodic oxidation system has better corrosion resistance.

In order to study the corrosion resistance mechanism of
different samples in a corrosive environment, electrochemical
impedance spectroscopy was studied. The Bode impedance and
phase angle spectra of different samples in 3.5 wt% NaCl solution
are shown in Figures 7A,B. The impedance of matrix and coating
is illustrated by the |Z| 0.01 Hz impedance. The high-frequency
range reflects the properties of the coating (102–105 Hz), the
middle frequency range reflects the inner layer (1–102 Hz), and
the characteristics of the substrate and coating intersection are
reflected in the low frequency (less than 1 Hz). The greater the
value of the impedance modulus (0.01 Hz) in the low-frequency
region, the better the corrosion resistance of the sample in a
corrosive environment (Chen et al., 2020; Zhang et al., 2018;
Chen et al., 2021). Among them, the 60Y sample has the highest
impedance modulus of all samples, exceeding 106Ω cm2, which is
an order of magnitude higher than the impedance value of the

TABLE 3 | Fitted parameters of different specimens for the EIS spectrum.

Sample Rs

(Ω·cm2)
CPE
(S sn

cm−2)

N Rfilm

(Ω·cm2)
W CPE

(S sn

cm−2)

n Rout

(Ω·cm2)
CPE
(S

sn cm−2)

n Rin

(kΩ·cm2
χ2

AO 0.01 7.3 × 10−3 1 7.1×104 — 1.5 × 10−5 0.9 2.8×102 3.0 × 10−8 1.0 2.4×100 5.3 × 10−3

0Y 0.01 3.0 × 10−10 1 1.6×104 — 4.7 × 10−6 0.6 1.0×101 0.5 × 10−6 0.8 1.9×101 1.6 × 10−3

20Y 0.01 3.0 × 10−10 1 3.0×104 — 1.4 × 10−7 0.6 1.0×105 2.6 × 10−6 0.6 5.2×105 1.2 × 10−3

40Y 0.01 7.2 × 10−10 1 1.9×104 — 7.5 × 10−7 0.5 4.9×104 4.6 × 10−6 0.5 4.9×104 6.6 × 10−3

60Y 0.01 2.2 × 10−8 1 7.9×104 — 3.3 × 10−8 0.6 4.0×105 1.2 × 10−6 0.4 1.2×107 1.9 × 10−3

80Y 0.01 3.9 × 10−10 1 1.3×104 5.5 × 10−6 4.3 × 10−7 0.5 5.3×104 1.3 × 10−5 1.0 1.0×105 6.3 × 10−3

TABLE 4 | Electrochemical parameters of different specimens.

Specimen Ecorr (V SCE−1) icorr (A cm−2)

AO20Y −1.511–0.615 7.693 × 10–69.160 × 10−8
40Y −0.761 1.080 × 10−7
60Y −0.997 9.052 × 10−9
80Y −0.459 2.933 × 10−8
0Y −1.454 4.219 × 10−5
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anodized sample (Figure 7A). In the Bode-phase angle spectrum,
three relaxation phenomena corresponding to the time constant
can be found in all samples (Figure 7B). The time constant is used
to characterize the structural characteristics and corrosion
performance of the composite coating. Table 3 has listed the
fitted electrochemical impedance spectroscopy parameters. Rs is
considered the electrolyte resistance. Rfilm corresponds to the
sample surface film (LDHs) resistance. Rout and Rin represent the
external porous layer resistance of the anodic oxide film and the
internal dense layer resistance of the anodic oxide film,
respectively. A larger R-value represents a better corrosion
resistance of the coating. The constant phase element (CPE) is
the response capacitance connected in parallel with the
corresponding resistance. n indicates the angular frequency,
and it can be considered that CPE is an ideal capacitor when
n is close to 1. The lower the chi-squared error (χ2) indicates that
the circuit fits well (Cui et al., 2018; Chen, 2019). At low
frequency, diffusion of the corrosion medium affects the
control corrosion process (Ye, 2018). Therefore, a Warburg
impedance part (ZW) is included in the circuit of the 80Y
specimen. SEM and EDS show that (Figure 2 and Figure 3) a
passivation film of Y (OH)3 is formed on the coating surface when
the content of Y is relatively high, and it has a certain protective
effect on the sample (Ye, 2018). Compared with other coatings,
the values of Rfilm, Rout, and Rin of the 60Y sample are the largest
among all the tests, and the corrosion resistance is the highest,
indicating that the ternary MgAlY-LDHs formed by the 60Y
sample has the best corrosion performance (Table 4).

Figure 7 (e.f.) illustrates the Bode impedance plots of the
different coatings during the 4 days. After 4 days of immersion,
60Y still has the largest |Z| 0.01 Hz value, which indicates that 60Y
has the best corrosion resistance. At intermediate frequency, the
phase angles of 0Y, 20Y, 40Y, and 80Y decrease quickly,
indicating that the electrolyte penetrates these samples’ coating
system. However, 60Y has an increasing phase angle, indicating
that the electrochemical reaction does not occur under the
coating. In conclusion, the coating of 60Y has the best
performance in corrosion resistance.

4 CONCLUSION

The MgAlY-LDH film was fabricated successfully on the
anodized film of Mg–2Zn–4Y alloys. The introduction of Y

ions with larger ionic radius into the LDH laminates affects the
crystal lattice changes of LDHs and ultimately leads to the
formation of MgAlY-LDH nanosheets in the shape of convex
clusters of flowers. MgAlY-LDHs can adsorb the corrosive
medium (Cl−) into the intermediate layer in a corrosive
environment, thereby triggering the stable appearance of
the Y element and improving the corrosion performance
of LDHs.
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