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Fig.1  XRD patterns of LDHs-NO
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Fig.2  SEM images of surface (a~f) and cross-sectional (j~l) morphologies and EDS analysis (g~i) of LDHs-NO

3 

(a, d, g, j), 

LDHs-WO

4 

(b, e, h, k), and LDHs-Cys (c, f, i, l) 

5 µm 

1 µm 

a 

b 

c 

d 

e 

f 

5 µm 

5 µm 

5 µm 

1 µm 

1 µm 

5 µm 

5 µm 

j 

k 

l 

0  1  2   3  4  5   6  7 

I
n

t
e
n

s
i
t
y

/
a
.
u

.
 

N 

O 

Mg 

Al 

g 

Element ω/% at% 

N K 0.94 1.24 

O K 61.28 70.59 

Mg K 31.59 23.94 

Al K 6.19 4.23 

i 

I
n

t
e
n

s
i
t
y

/
a
.
u

.
 

O 

Mg 

Al 

S 

0  1  2   3  4  5   6  7 

Energy/keV 

Element ω/% at% 

O K 56.48 66.69 

Mg K 37.19 28.90 

Al K 6.19 4.33 

S M 0.14 0.08 

h 

I
n

t
e
n

s
i
t
y

/
a
.
u

.
 

0  1  2   3  4  5   6  7 

W 

Al 

W 

Mg 

O 

Element ω/% at% 

O K 54.01 65.82 

Mg K 36.56 29.32 

Al K 6.25 4.52 

W M 3.18 0.34 



� 12�                         ���Á189�:;yÂÃ> LDHsÄ>{|9zispq                     Å4239Å 

 

 

 

 

 

 

 

 

 

 

 

Æ 3  LDHs-NO

3

cLDHs-WO

4

U LDHs-Cysv9�no�s SEMÊË 

Fig.3  SEM images of LDHs-NO
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(b), and LDHs-Cys (c) after adhesion test 
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Fig.4  Nyquist plots (a) and equivalent circuit (b) of LDHs-NO
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Fig.5  Nyquist plots of scratched LDHs-NO
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 (a), LDHs-WO

4 

(b) and LDHs-Cys (c) after soaking in 3.5%NaCl solution for different days; 

equivalent circuits of LDHs-NO

3 

and LDHs-Cys for 0 d (d) and of the other samples for different days (e) 
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Fig.7  SEM morphologies of scratched area of LDHs-NO
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 (a~f), LDHs-WO

4 

(g~l), and LDHs-Cys (m~r) after soaking for different days: 

(a, g, m) 4 d, (b, h, n) 8 d, (c, i, o) 12 d, (d, j, p) 16 d, (e, k, q) 20 d, and (f, l, r) 24 d 
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Fig.8  SEM morphologies of non-scratched area of LDHs-WO

4

 films after soaking for different days: (a) 4 d, (b) 8 d, (c) 12 d, (d) 16 d, 

(e) 20 d, and (f) 24 d 
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Fig.9  SEM morphologies of scratched area of LDHs-WO

4

 films after soaking for different days: (a) 0 d, (b) 1 d, (c) 5 d, (d) 9 d, and (e) 14 d 
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Fig.10  EDS analysis of scratched area of LDHs-WO

4

 films after soaking for different day: (a) 1 d, (b) 5 d, (c) 8 d, and (d) 14 d 
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Fig.11  Self-healing mechanism of MgAl-LDHs-WO

4 

and MgAl-LDHs-Cys coating in 3.5% NaCl solution 
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Abstract: A layered double hydroxide (LDH) film layer MgAl-LDHs-NO

3

 was synthesized by hydrothermal method. Tungstate anions 

(WO

4

2-

) and cysteine (Cys) anions were intercalated into the LDHs interlayer through anion exchange reaction to acquire 

MgAl-LDHs-WO

4

 and MgAl-LDHs-Cys films, respectively. X-ray diffraction (XRD), scanning electron microscope (SEM), energy 

dispersive spectrometer (EDS), and electrochemical impedance test (EIS) were used to study the morphology, structure, corrosion 

resistance and self-healing performance of these films. The results show that the corrosion resistance of the three films is in the sequence of 

LDHs-WO

4

>LDHs-Cys>LDHs-NO

3

. All of the three films have effective self-healing ability. Electrochemical results indicate that the 

films with scratch treatment have the optimum corrosion resistance after immersing in 3.5wt%NaCl solution for 8 d, and then their 

corrosion resistance shows a downward trend. Compared to LDHs-NO

3

, LDHs-WO

4

 and LDHs-Cys containing corrosion inhibiting anions, 

display better self-healing ability, because the films can not only capture Cl

-

, but also release corrosion-inhibiting anions. 

Key words: magnesium alloy; LDHs; anion exchange; corrosion resistance; self-healing 
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