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Abstract: In situ growth of nano-sized layered double hydroxides (LDH) conversion film on AZ31 alloy was synthesized by a urea
hydrolysis method. The formation mechanism of the film was proposed. Firstly, the dissolved Mg®" ions deposited into a precursor
film consisted of MgCO; and Mgs(CO;),(OH),: 4H,0; secondly, the precursor translated into the crystalline Mg(OH), in alkaline
conditions; finally, the Mg®" ions in Mg(OH), were replaced by AI*" ions, Mg(OH), translated into the more stable LDH structure,
simultaneously, the OH ions in the interlayer were exchanged by CO3” , thus led to the formation of the LDH
(MgsAl,(OH);4CO5-4H,0) film. The results indicated that the LDH film characterized by interlocking plate-like nanostructures and

ion-exchange ability significantly improved the corrosion resistance of the AZ31 Mg alloy.
Key words: magnesium alloy; hydrotalcite; conversion film; corrosion resistance; ion-exchange

1 Introduction

Magnesium and its alloys exhibit excellent physical
and mechanical properties such as high specific strength,
low density and good electromagnetic shielding
characteristics, rendering them appropriate for
application in automobile, aerospace, communications
and computer industry [1-3]. Their poor corrosion
resistance, however, has limited their use. Therefore, it is
of great importance to improve the corrosion resistance
of magnesium alloys [4]. Protective films are normally
applied on magnesium surfaces to provide a dense
barrier against the corrosive species [5]. Various surface
treatments including chemical conversion [6], microarc
oxidation (MAO) [7,8], electrodeposition [9] and
polymeric coating [10] have been developed on
magnesium alloys to improve their corrosion resistance.
Among these surface treatments, chemical conversion
coatings are regarded as effective measures to enhance

the corrosion resistance of magnesium alloys.
Unfortunately, some conversion coatings, for instance,
chromate coatings [11], phosphate coatings [12] and
vanadia coatings [13], can cause environmental pollution
and are harmful to people’s health during manufacture
and use. Thus, much work should be focused on
developing an environmentally-friendly and corrosion-
resistance conversion film on magnesium alloys.

Layered double hydroxides (LDHs), possess a
special layered structure, which is similar to that of
brucite, Mg(OH),. They are generally represented by the
formula [M**,_ M*'x(OH),]* (A)" yormH,0, where M*"
and M*" represent the divalent and trivalent cations,
respectively, A" is the interlayer anion (such as CO3~,
NO3; or OH') and x has a value between 0.20 and
0.33 [14—17]. LDHs have been broadly applied because
of their exchangeable anions and adjustable structures.
The wunique structure, the potent adsorption and
ion-exchange capacity confer superior
resistance to the LDHs films, which make LDHs become
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the potential replacement for chromium conversion
film [18—24]. Our research group [25,26] have prepared
the nano-sized LDH (MgsAl,(OH);CO54H,0) and
LDHs (MgsAl,(OH);(M00O44H,0) coating  with
ion-exchange and self-healing ability by the
co-precipitation and hydrothermal treatment on AZ31
Mg alloy. The corrosion resistance of the alloy was
effectively improved. These coatings have the potential
to act as smart coatings capable of response to the stimuli
from environment. The in-situ growth process has been
widely developed on pure aluminum, Al-based alloys
and anodic aluminum oxide substrate to form Li—Al,
Mg—Al, Ni—Al or Zn—Al LDH films [27,28]. Also, LIU
et al [29] observed that LDH films can be fabricated on
the Zn-covered stainless steel. The LDHs are usually
formed in alkaline solution on the Al or Zn-based alloys
because aluminum and zinc are active in the alkaline
solutions whose pH values exceed 11, which can provide
the source of M*" or M*" to form the LDH films.
However, it is difficult to generate a LDH layer on the
magnesium alloy surface, because magnesium is passive
in alkaline solutions. A good process of the in-situ
growth LDHs on  magnesium in  aqueous
HCO5 /CO3” medium was developed. The in-situ
prepared Mg—Al and Mg—Fe hydrotalcite conversion
films on AZ91 magnesium alloys and pure magnesium
[18-20,23,24,30], exhibit high hydrophobicity and good
corrosion resistance. Also, CHEN et al [14—17] adopted
the in-situ method to prepare Mg—Al hydrotalcite on
AZ31 alloy and then modified the hydrotalcite film with
phytic acid. It is demonstrated that the LDH films lead to
a significant enhancement in corrosion resistance of
magnesium alloys. Nevertheless, there is still a drawback
for the in-situ preparation of the Mg—AIl-LDH films. The
in-situ growth LDH conversion films are difficult and
complex to be synthesized by one step in different
solutions. Thus, the preparation of LDH films with high
corrosion resistance and adhesion to the magnesium
substrate by a simple technological process faces a
challenge.

Urea solution with a neutral pH at room temperature
can form a uniform solution with metal ions. However,
when the temperature of the solution is higher than
90 °C, urea starts to hydrolyze and release large amounts
of NH;, thus increasing the solution pH value uniformly.
Because of these advantages, urea is frequently used as
homogeneous precipitating agent in the synthesis of
LDHs [31,32]. Homogeneous precipitation of LDHs
powder using urea hydrolysis is recognized as a method
for obtaining well-crystallized, large LDHs powder
[33,34]. Using the preparation of LDH powder for
reference, the direct synthesis of LDH film on
magnesium surface may be a feasible choice [35].

This work aims to prepare an in-situ growth LDH

conversion film on the AZ31 Mg alloys using urea
hydrolysis by a one-step method in autoclave. The
characteristics of the LDH film and the corrosion
resistance were investigated. The film formation
mechanism was discussed, and a model for this
mechanism was proposed.

2 Experimental

Commercial available cast AZ31 Mg alloys were
used with nominal compositions of 3.0% Al, 1.0% Zn
and balanced Mg. The ingot was cut into sizes of
20 mm x 20 mm x 4.0 mm. The samples were firstly
ground to 2000 grit, and then ultrasonically cleaned in
ethanol for 15 min, and finally dried by warm air. Urea
and AI(NO;);-9H,0 with a mole ratio of urea to Al'=6:1,
were dissolved in de-ionized water to give a mixture
solution. Then, the above solution was transferred to a
Teflon-lined autoclave in which the pretreated Mg alloy
was immersed and then heated in a warm chamber at a
temperature of 393 K for 5 h and 10 h. The resultant
samples were rinsed with de-ionized water and dried at
room temperature.

The structure and the composition of the films were
characterized by an X-ray diffraction diffract meter
(XRD, D/Max 2500PC) with Cu target (4=0.154 nm) at a
scanning rate of 0.02 (°)/s in the 26 range of 5°—80°. The
surface morphologies of the films were observed using a
field-emission scanning electronic microscope (FE-SEM,
Hitachi S—4800). The chemical compositions and cross
section of the films were inspected through energy-
dispersive X-ray spectrometer (EDS, Oxford Isis),
which was affiliated by the electron probe X-ray
microanalysis (EPMA, Oxford Isis). The obtained films
were also probed using Fourier transform infrared
spectroscopy (FT-IR, TENSOR-27) in the wavenumber
range from 500 to 4000 cm™' at room temperature. The
corrosion resistance was evaluated by potentiodynamic
polarization curves and electrochemical impedance
spectrum (EIS) measurements. All electrochemical
measurements were conducted in a classical
three-electrode system which consists of the sample as
the working electrode (I cm?), a platinum plate as the
counter electrode and a saturated calomel electrode
(SCE) as the reference electrode in 3.5% NaCl aqueous
solution at room temperature using an electrochemical
workstation (PARSTAT, 2273).

3 Results and discussion

The XRD patterns of the LDH films formed on
AZ31 Mg alloy for different treatment time and the
substrate are shown in Fig. 1. The XRD patterns of the
samples treated by urea hydrolysis in autoclave treated
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Fig. 1 XRD patterns of AZ31 substrate, LDH films treated for
Shand 10h

for 5 h and 10 h display the typical peaks of the LDH
(MgeAly(OH),CO54H,0) phase at the 26=10.9° and
22.1°, respectively. When the treatment time was
prolonged, there was an obvious increase in the intensity
of LDH phases. Meanwhile, some peaks attributed to the
a-Mg phases decreased clearly in all the patterns. From
the XRD results, it is concluded that the in-situ growth of
Mg—Al hydrotalcite conversion film by urea hydrolysis
in autoclave was successfully prepared on the AZ31 Mg
alloy, and the crystallization intensity of the film was
enhanced with the increasing treatment time.

The SEM images of the as-prepared LDH films
(n(Urea)/n(AI’")=6:1, 5 h) are shown in Fig. 2. Figure
2(a) demonstrates that the LDH film was compact over

Sim

the whole AZ31 Mg alloy substrate. Figures 2(b)—(d)
show that the LDH film possesses a typical LDH
platelet-like microstructure. The detailed morphologies
indicate that the LDH film has a compact, homogeneous
and well-crystallized nanostructure with particle sizes of
100—150 nm. From Figs. 2(c) and (d), it can be seen that
most of the LDH nano-sheets grew vertically
cross-linked on the substrate and part of them were
horizontally covered on the surface of the sample
incompletely. The conversion film with compact and
uniform structure, which can avoid the exposure of the
substrate to the environment by effectively blocking the
penetration of aggressive ions, has the potential to act as
a corrosion-resistant film for Mg alloys.

The morphologies and their corresponding EDS
spectra of the films (n(Urea)/n(Al’)=6:1, 5 h) are shown
in Fig. 3. The chemical compositions of the as-prepared
film were analyzed by spot scanning. It can be seen in
Fig. 3 that the as-prepared film is mainly composed of
Mg, Al, O and C elements. The average mole ratio of Mg
to Al is very close to 3: 1 (Table 1), indicating that the
film mainly consisted of LDH (MgsAl,(OH),6CO3-4H,0).
These EDS results agree well with the results of XRD
patterns.

Further SEM observation on the cross section
(n(Urea)/n(AI*")=6:1, 5 h) (Fig. 4(a)) demonstrates the
formation of a compact and thick LDH film. The film
has two structural layers: a compact inner layer and a
porous outer layer. The strong hydrogen evolution can
also rupture the film and form some cracks. The
exposed Mg substrate under the cracks can react with the

Fig. 2 SEM images of as-prepared LDH film (n(Urea)/n(AI*)=6:1, 5 h) with different magnifications
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Fig. 3 Morphology and its corresponding EDS spectra of film

Table 1 Chemical composition of film probed by EDS

Mole fraction/% Average mole
Element .
A B C fraction/%
Mg 26.30 28.71 26.70 27.24
Al 8.60 8.63 10.44 9.22
(¢} 51.02 48.36 52.09 50.49
C 14.07 14.30 10.76 13.04

pretreatment solution to form the porous outer layer of
the film, which can make up the disadvantage of cracked
film to a great extent. In addition, the dissolved Mg**
ions from the substrate participate in the formation of the
film. Therefore, the film can be formed in-situ on the
surface of Mg alloy. By this method, strong adhesion can
be achieved between the film and Mg substrate, which is
sufficiently robust for the subsequent paint films or
organic layers in the application. From the
cross-sectional morphology (Fig. 4(a)), it can be seen
that the LDH film is strongly adhered to Mg substrate.
The film thickness of the compact layer is approximately
25—-50 um and that of the porous layer is 5-10 um. The
results demonstrate that the compact and uniform LDH
film with strong adhesion can provide an effective
protection to the Mg substrate.

The characteristic of the cross section was also
analyzed with elemental mapping by EPMA (Fig. 4(b)).
The elemental mapping results indicate that the film
contained large amounts of Mg and O, and small amount
of Al and C. The distributions of Mg, O and C ions in
film were uniform, while the distribution of Al ions
concentrated on the surface and the cracks of the film
contacted with the solutions as well as the grain
boundaries in the AZ31 substrate. Such aggregate
phenomenon of Al element may be attributed to the AI**
ions in the solution diffused into the cracks and the loose
layer pores, which is difficult to clean thoroughly. These
mapping results agree well with the results of spot
scanning (Fig. 3) and XRD patterns (Fig. 1).
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Fig. 4 Cross-section morphology (a) and elemental mapping
(b, ¢, d, e) of LDH film

The FT-IR spectra of the as-prepared LDH films in
different conditions are given in Fig. 5. The spectra show
characteristic bands of the LDH [36,37]. The most
predominant spectral feature is the intense sharp peak
observed at 3460 cm '. The absorption band at 3460
cm ' corresponds to O—H because of the presence of the
surface absorption water, interlayer water and magnesia
octahedron. The shoulder band at around 2921 cm'
corresponds  to CO%‘ — H,O stretching vibration,
suggesting the presence of the water-molecule hydrogen
bonded to the carbonate ions present in the interlayer of
LDH. A band at about 1660 cm™' can be ascribed to the
bending vibration of H—O—H because of the presence
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Fig. 5 FT-IR spectra of LDH films treated for 5 h and 10 h
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of crystal water. The bands at 1495, 1426, 1363, 870 and
642 cm™! are attributed to the symmetric and asymmetric
stretching modes of CO%’ ion in the interlayer.
Additionally, the bands at 797 cm ™' and 433 cm™' can be
due to the vibration modes of AI—OH and Mg—OH at
the layer crystal lattice, respectively. These FT-IR results
are in accordance with the results of XRD patterns.

The corrosion resistance of the films formed on
AZ31 Mg alloy was investigated by potentiodynamic
polarization curves measurements, and the lower the
polarization current density, the better the corrosion
resistance. Figure 6 shows the potentiodynamic
polarization curves of the AZ31 Mg alloys treated at
n(Urea)/n(AI*")=6:1, for 5 h and 10 h and substrate in
3.5% NaCl aqueous solution. The free corrosion
potentials (¢.or) of the LDH-coated sample treated for
10 h and 5 h are —1.48 V and —1.41 V (vs SCE),
respectively, much higher than that of the substrate,
which is —1.55 V (vs SCE). And the corrosion current
densities (J.oy) of the LDH-coated sample treated for
10 h and 5 h are 1.20x10° and 5.75x10°° A/em’,
respectively, which are lower than that of the AZ31
substrate (3.37x107° A/cm?). It is obviously seen that the
Jeorr value of the LDH coated sample treated for 5 h
decreased by one order of magnitude compared with the
Mg alloy substrate. Also, there is a significant difference
at the anodic branches of the curves. In the anodic branch
of the polarization curve for the AZ31 substrate, a low
breakdown potential (g}) is attributed to the breakdown
of the oxidation film on the Mg surface. The J,,,, raised
rapidly with the increase in anodic potential higher than
¢y, indicating the active dissolution of the Mg substrate.
However, the anodic branch of the coated sample treated
for 5 h exhibits a passive trend. The J,,,, increased slowly
with  increasing anodic  potential.  Thus, the
potentiodynamic polarization results demonstrated that
the LDH conversion film could effectively enhance the
corrosion resistance of Mg alloys. In addition, when the

-1.0
=L1|
-1.2+¢

=1.3F LDH treated for 5 h

Potential (vs SCE)/V

Substrate
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Fig. 6 Polarization curves of substrate, films treated for 5 h and
10h

treatment time is prolonged, the J.,,, decreased obviously.
The cracks on the film formed by the hydrogen evolution
increased with the immersion time, and seriously
affected the compactness of the film.

The electrochemical impedance spectroscopy (EIS)
was carried out to evaluate the corrosion resistance of the
samples and investigate the structure of the films.
Figures 7(a) and (b) show the Bode diagram and Nyquist
plot, respectively. It is generally known that a higher Z
modulus at the lower frequency and larger radius of the
curvature represent better corrosion resistance on the
metal substrates [38,39]. It can be seen from the Bode
diagram that the samples treated for 5 h and 10 h show
the bigger impedance at the low frequency than the
substrate. Concurrently, it can be observed from the
Nyquist plot (Fig. 7(b)) that the sample treated for 5 h
shows the largest radius of the curvature and the sample
treated for 10 h is also improved compared with the
substrate. The LDH films with better EIS performance
can effectively prevent the diffusion/penetration of the
CI' ions to the Mg alloy substrate and thus reduce the
corrosion rate of the substrate.
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Fig. 7 Bode plots (a) and Nyquist plots with embedded
equivalent electric circuit (b) of films and substrate

The EIS spectra were also analyzed based on the
equivalent circuits as shown in Fig. 7(b). The data fitting
results are listed in Table 2. R, represents the solution



1922 Rong-chang ZENG, et al/Trans. Nonferrous Met. Soc. China 25(2015) 1917-1925
Table 2 Fitting results of EIS spectra for LDH films
Sample */ 2 o 2 -1 YO/—z -1 n kol 2 -1 YO/—z -1 n'
(Q-cm”) (Q-cm”) (LQ -cm s ) (Q-cm”) (LQ :cm “s )
Substrate 10.59 9.42 164.10 0.27 591 11.51 0.94
LDH treated for10 h 24.59 13.16 31.34 0.79 1456 360 1
LDH treated for 5 h 25.34 84.00 27.26 0.80 1839 422 0.83

resistance. Constant phase element (CPE) is used in
place of a capacitor to compensate the non-homogeneity
in the system, which is defined by Y; and n. If n is equal
to 1, CPE is identical to a capacitor. R; represents the
resistance of the LDH film and CPE; represents the
capacitance of the LDH film. R designates the charge
transfer resistance and CPE,, designates the electric
double layer capacity at the interface. Generally, the
larger the value of R is, the better the film performs.
The value of Ry, for the substrate (591 Q-cm?®) is much
lower than those of the LDH coated samples treated for
10 h and 5 h, which are, 1456 and 1839 Q-cm’
respectively. It is indicated that the LDH film is very
compact and effectively against the attack of Cl ions.
The EIS data are perfectly accordance with the
potentiodynamic polarization results, indicating that the
LDH sample treated for 5 h has a higher corrosion
resistance.

The XRD spectra of the LDH sample treated for 5 h
before and after an immersion in 3.5% NacCl solution for
48 h are shown in Fig. 8(a). It is obvious that most of the
peaks are the same between both samples, suggesting
that the as-prepared LDH films possess excellent
durability to corrosion. The XRD pattern of the
immersed sample shows the Mg(OH), peaks, implying
the occurrence of corrosion between the LDH layer and
the magnesium alloy substrate. Figure 8(b) shows the
SEM morphology and its corresponding EDS spectrum
of the immersed sample. The EDS spectrum of the
exposed LDH film shows CI and Na peaks in addition to
Mg, Al, O and C elements after the immersion test. The
result reveals that hydrotalcite presents the ion-exchange
ability by absorbing CI" and Na" from NaCl solutions
and the EDS results also display that the interlayer of
hydrotalcite can retain CI” and Na' in the hydrotalcite
structure. The SEM morphology (Fig. 8(b)) of the
immersed LDH coated sample shows that the porous
LDH film with vertical platelet-like microstructure was
changed into a dense cladding.

As is well-known, chlorides, even in small amounts,
typically damage the Mg(OH), film on the Mg alloy
surface continuously because of the replacement of OH™
ions with Cl" ions and the high solubility of MgCl, in
water [40,41]. The dissolution reaction of the Mg(OH),
film on the Mg alloy surface in chloride solution can be
given as follows:

()

Immersion 2 d

o4 |
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6:1,5h

o
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Mg Aly(OH),(CO;-4H,0
* Mg(OH),
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Fig. 8 XRD patterns (a),
corresponding EDS spectrum (b) of immersed sample

SEM  morphology and its

Mg(OH),+Cl —Mg(OH)CI+OH (1)
Mg(OH)CIH+Cl —MgCl,+OH )

In contrast, with the common Mg(OH), film, the
developed LDH film had a much greater corrosion
resistance because the existence of the ion-exchange
capacity can protect the hydrotalcite structure from
decomposition in the NaCl solution. The reason for the
improvement in the corrosion performance of Mg alloys
can be attributed to the absorption and retention of the
aggressive Cl ions, and the release of the CO%’ ions.
In conclusion, the ion-exchange reaction of the LDH film
on the Mg alloy in chloride-containing solution can be
expressed as follows:

LDH- CO2™ +2ClI —»LDH-2Cl + CO3" 3)

Figure 9 shows the XRD patterns of the LDH
samples treated for 10 h with different ratios of urea to
A" jons. With an increase in the content of urea, in
addition to these peaks of Mg and LDH phases, lots of
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peaks attributed to the Mgs(CO;)4(OH),"4H,O and
MgCO; structures are clearly observed. The existence of
Mgs(CO;5)4(OH),4H,O and MgCO;  structures  is
ascribed to the insufficient of the AI’" ion in solution.
Meanwhile, it reveals that Mgs(COs),(OH),4H,O and
MgCOs are the precursors during the formation of LDH
film. A preliminary analysis of the growth process of the
LDH film has been proposed on the basis of the XRD
patterns. The possible reactions are listed as follows:

* MgbAIE(OH)l(,COJ'é‘H:O
v Mg,(CO),(OH),-4H,0

H(Ul'gi‘i{f'ns(l?ﬂ“")‘ v MgCO,-Mg
o L
v v T v
v .'vv m' &V leee

n(Urea)/n(AlF)=
‘6:]. 10 h

-

10 20 30 40 50 60 70 80
26/(%)

Fig. 9 XRD patterns of samples with different ratios of urea to
A" ions

Firstly, A" ions hydrolyzed at a low temperature
before urea decomposed:

AP*+3H,0—Al(OH);+3H" 4)

At that condition, the pH wvalue of the mixed
solution was about 3.5. In such an acid solution, the
dissolution of the magnesium led to the release of Mg**
ions, accompanying with the hydrogen evolution.

Anodic reaction:

Mg—Mg**+2¢ (3)
Cathodic reaction:
2H,0+2e—20H +H,1 (6)
AP*+3H,0—~Al(OH);+3H*

Mg** AP*  H° HET

APT  OH" CO%'
LDH film - 1
Mg(OH),—~Mg,Al,(OH),,CO;+4H,0
393 K, high pressure |

Fig. 10 Forming mechanism of film

Mg** in Mg(OH),
A—

replaced by A"

At a temperature of 393 K, the urea underwent
hydrolysis under high pressure and high temperature in
the autoclave:

CO(NH2)2+4H20—>H2CO3+2NH3'HzO (7)

The pH value of the reaction system began to
increase as the reaction progressed, and H,CO; gradually
translated into CO3;  ions, which reacted with the
dissolved Mg ions and thus led to the formation of
MgCO;. Subsequently, MgCO; deposited on the surface
of the substrate:

H,CO5+20H — CO}™ +2H,0 (®)
CO%™ +Mg* —>MgCO0s) )

The urea continuously hydrolyzed such that CO%‘
and OH ions developed into the system. Therefore,
MgCOs; translated into Mgs(CO;)4(OH),4H,0. It is
known that Mgs(CO;)4(OH),-4H,O is a metastable
hydrous carbonate and can be written as 4MgCOj;-
Mg(OH),-4H,0. Also, CO;* in Mgs(CO5)4(OH), 4H,0
is more easily dissolved to form Mg(OH), under the
alkaline condition[42]:

Mg5(CO3)4(OH)2 4H20+80H_—>
5Mg(OH),+4 CO¥ +4 H,0 (10)

Finally, a part of Mg®" ions in Mg(OH), were
replaced by AI’" ions, and thus Mg(OH), and Al(OH);
co-existed to form the more stable LDH structure
[14,15]. Meanwhile, the OH ions in the interlayer
were  exchanged by CO§_ ions to form
Mg6A12(OH)16CO34H20

6Mg(OH),+2AI*"+CO3~ +40H +4H,0—
MgéAlz(OH)16CO34H20 (1 1)
On the basis of experimental results, a model for the

formation mechanism of the LDH film is illustrated in

Fig. 10. Firstly, the dissolved Mg*" ions deposited into

the precursor film consisted of MgCO; and
Mgs(CO;3)4(OH),-4H,0. Secondly, the precursor

CO(NH,),+4H,0—~H,CO,+2NH;-H,0
Mg* APP* OH™ CO7 H,

Mg—~Mg>*+2e Dissolved Mg?* COT A MEE MCO,— Crack |
AZ31 deposit with CO3 | Mgy(CO;),(OH),+4H,0
Low temmperature, pH=3.5 393 K, pH increase|

Precursor film

pH lincrcasc

Mg APF* OH™ CO%
Pt

Mg(OH), Film Crack
Mg;(CO;)4(OH),+4H,0—Mg(OH),
393 K, high pressure
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translated into high crystalline Mg(OH), in the alkaline
conditions. Finally, the Mg*" ions in Mg(OH), was
replaced by AI’" ions, the Mg(OH), translated into a
more stable LDH structure, and meanwhile the OH ™ in
the interlayer was exchanged by CO%", thus led to the
formation of the LDH (MgsAl,(OH),,CO3-4H,0) film.

4 Conclusions

1) In-situ growth of nano-sized MgAl hydrotalcite
conversion film on AZ31 alloy was developed by a
one-step method with a urea hydrolysis process.

2) The LDH film, consisting of compact plate-like
nanostructures and ion-exchange ability significantly
improved the corrosion resistance of the AZ31 Mg alloy.

3) The formation mechanism of the LDH film was
discussed. Firstly, the dissolved Mg”" ions deposited into
the precursor film consisted of MgCO; and
Mgs(CO;)4(OH),4H,0;  secondly, the  precursor
translated into the crystalline Mg(OH), in alkaline
conditions; finally, Mg*" ions in Mg(OH), were replaced
by AI’" ions, the Mg(OH), translated into the more stable
LDH structure, and meanwhile, the OH  in the interlayer
was exchanged by CO§_, thus led to the formation of
the LDH (MgsAl(OH);,CO;-4H,0) film.
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