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Fig.2 XPS spectra of MgCr-LDH/MAO composite coating: (a) general spectrum, (b) O 1s, (¢) Mg 1s, and (d) Cr 2p
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Kl Cr e, RFIRAMHI 4% LDH R, Cr(NOs); &
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Hh 78 55 7E J5UdE MAO 23T
2.2 MAO 25 MgCr-LDH BB E1EF

7T MAO J2 5 LDH 2 [a] () 4 5 AF F HLEE A

FEAL, LDH 4K FBAMEK 5 A4, LDH
A G RE T, MAO J2 1 A A A R AR %, LDH
¥R 2 R AR, B SN I (A ZE K, LDH %36 B
mA K., @it LA XRD 5 SEM, #.— MAO )2
5 MgCr-LDH/MAO & & ¥k )z 1A (1) Jm 3 A 1 T2 30
B s fin. B 5a i-— MAO ¥R JZIFE R AR
MAO JZu] 4y At siis |2 5 WS 2, MAO
WEERZIR, R XA, WRENREZ
A 17.5 pm, W5k T A A AR I AUk )2 LR BH AR AR
o)z . s 2B LDH J5, 86 255K AW
W, JEERES G MAO 2R, XU LDH
LR MAO 2GRS B RA . &)
P3R5 WA 2 5% 2, LDH F8/EK T2 L
DA KA e AR SEBR N T, i ko 2 — S
I PERE i bR A2 WR 2 5 BE AR IR B 1, el T A
BEG G EERR I R A OG5 % I vl i s A

B3 #— MAO i ERFE R MgCr-LDH/MAO & & i E A £ W3
Fig.3 SEM images of samples with MAO coating (a~c) and MgCr-LDH/MAO composite coating (d~f)

Kl 4 MgCr-LDH/MAO & & ¥R R bl I 4R TH B30 X o6 3R 43
Fig.4 SEM image (a) and mappings of elements for sample with MgCr-LDH/MAO composite coating: (b) O, (c) Mg, (d) Si, and (e) Cr
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Fig.5 Cross-sectional SEM images of the samples with MAO coating (a) and MgCr-LDH/MAO composite coating (b)
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W], F AT AR v ROk BRI S MU e 1, AN 5 R AR
wINE .
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FE 0 B A IR G . BRI TF iR TT 2 MR R
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R R R AR RV, B SRR ok, T RUR
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RHEILE IS . A RIERE IR N, — MAO
2 R B R B R R, R AWK, )R
DX 58 R VR e OB R 2 . MR RECh 24 d I, L
MAO ¥ 2 R ) 3 3 3 88 Tl I 5 0 ., g ot = AR
EARFEID X 8, 1) LDH/MAO & & 2 1R AL % 47
KR . R 28 d 5 2 AMRFEHEL T OR[F R
FEME M, B MAO WRZ IR O™ 5, IR)=2 3%
B3, 1 MgCr-LDH/MAO &4 Z ik HUE JR B X
WA T VRS T
2.4 MgCr-LDH Z R ih 4 38

N T PR LDH 20 A 1R )2 B LR,
XL MAO ¥ ZikFE 5 MgCr-LDH/MAO E A2
FERHAT A S R BTk . B 8 R T MgCr-LDH/MAO
HEWZRFER L — MAO U Z W FELE 3.5%NaCl %
HRIE 3 d JE A A BTG . AL, 2 Rk 2
TRFE A AR A Sy Ao ith £ b 38 & A s BB S B 2
AN BRI 5 e B I TR 53 R Y A
WIE WA 25 B0% Z AL 2E Y. . LDH/MAO 5

MgCr-LDH

Scratch

1'um

Bl 6 IR B 925 5 MgCr-LDH/MAO & & ¥ 2R B R B 51
Fig.6 SEM images of the MgCr-LDH/MAO composite coating after adhesion test
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K7 MAO %2 EE 5 MgCr-LDH/MAO & &34 2 iR 1 BR J5 1 2 W E R
Fig.7 Corrosion morphologies of samples with single MAO coating (a~d) and MgCr-LDH/MAO composite coating (e~h) immersed in
3.5% NaCl solution for different days: (a, ) 0 d, (b, f) 7 d, (c, g) 24 d, and (d, h) 28 d

a1 05 ®  MAO coating 80 MAC i
g 4 MgCr-LDH/MAQO coating a N oL i b
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B Fitting Fitting
g 104 E 60
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210} Z4of
g . 30F
1@‘102 3 200
£ 10f
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Frequency/Hz
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10> 10" 10° 10" 10° 10° 10* 10
Frequency/Hz

K8 MgCr-LDH/MAO &A1 Z A H — MAO IR Z AL AE 3.5%NaCl % izt 3 d f5 19 EIS K

Fig.8

(a) impedance modulus and (b) phase angle

B2 RRE 1 A B AR AL K T — MAO 2R
¥, Uil MAO W)z 31567 4 K1) LDH )= F 2B K
T B2 A AR E I B AR 20 B v 8 BT
PEAT BB i o AR DX 1) BHL PR 2 18 i 2 7S A PR i JE ol
PEREBRLE, MgCr-LDH/MAO 5494 AKX (1 PH i
HELHR— MAO WR)Z AP IR E K 1 N E Y.

1 EIS 25 R 3l ERL-515 2] MgCr-LDH/MAO &
BURZRFE SRR, W 9 fioR. fE%khik S,
R X 35 S5 s 1) FELBEL, Rpor A1 CPE o, ARERIR 2 1 8
FAZ M RAGZE WD, Roges CPEpy, 51828055 2 16 HLBH

Impedance spectra of the samples with MgCr-LDH/MAO and MAO coatings after immersing in 3.5% NaCl solution for 3 d:

R, HIAFELE 3.5%NaCl 129 3 d J5 /8 ok
BIERHAEY, FIN Ry 5 CPEg, RN ESER
THT PR FEL A 2% % P BEL AT G0 HL J2 F 25 o ) FH S5 200 LI 0 HL A
SHARAT IS, VP EAL A K LDH ZXT MAO 32
MISEm . AL RWE 1 PR, Rpor 55 Roar LT IFE
XS HEHiE . WK 1 %1, MgCr-LDH/MAO H &
RIZRFEN Ryor EIE FL— MAO RZFE 9 fiF, I
21.01 Q-cm? I K F] 194.4 Q-cm?, 5t WIZE /&) LDH
Re AT b8 Hho 13835 « 4R MgCr-LDH/MAO &
HEZRFEN Roo 15 MAO WRFEM 2 T AR, $88 K
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Kl 9 MgCr-LDH/MAO &5 JZIXFETE 3.5%NaCl B
A5 2 L B s R A
Fig.9 Equivalent circuit of the samples with MgCr-LDH/MAO

composite coating immersed in 3.5% NaCl solution

T4, R MgCr-LDH B Hon 8083 J2 52 ma i /N,

F LY BT IO B J2 o Ree 55 1R 1 55 ok 22
BRI ER, Re B BV 2B S8 bl S N, LRI
f) R, AT %1 MgCr-LDH/MAO & A4 J2 1R FE 1 i b 1 4
I BT, BAH MAO WERFEM&4EAES Cr

e

[ JES P R B v, JES T T K C2 B3R MAO 2, @i
MAO JZ [ FLII R B S35 fa 1203 E 5 G A, A 459 0
PR AT S B IR . B 3 EAWRIZMRTESR
ALEN, JEAL AR ) MgCr-LDH 8035 2 3 5] W T IR 46
MAO JZ 1, ReF AN T J5i s MAO JZ M FLIH 5%
20, B BH RS Cl it MAO J2 1 i W Bk AT 42 Dl 0K
Jy—JiM, tT LDH R5k I Z R4, 2 e
T HNOs, S PS5 Clag#e, E#il LDH 2,
N BEARC Il CRIIR B, 982 68 MAO ¥ )2 Il
W, Wi $E T MgCr-LDH/MAO 5 44 2 B BHHT R & .
XJ e MgCr-LDH/MAO & Gk )2 PR T 3.5%NaCl
W 28 d JE 1 XRD FILT /M AR 4k, fEAT Ve uE
LDH Xt CIUEs v Wi/, wlE 10 Bros. J§
Tl B FE A7 AE LDH(003) i 1 X B A7 59 06, 4 1H 22
IR L 4 M, 3R IR 3R T L A7 L S
LDH, 7F 3.5%NaCl %1z 28 d AWK LDH ).
10a o, Ja il R (1) X SR Ze A S e w7 e e A
¥, WA HA% 7 B UE S AT &0 LDH 18)2 R ER g, 1X
ST HHT LDH MURF I 2 A2 ek, s ) Cl'ly
JZH) NOy RAAS#, ClUHfZ#E LDH JZ216, 1 CI
242N NOy , i )2 R B ks, LDH WA A% .
10b FE 8 1l S 1 MgCr-LDH/MAO 8 4% ik
REILLAMG I R A 525 1380 em™ BT 19 NOy (1 4
Pz o Z gk BRI S, LDH EM ) NOs

B— MAO Rit# 5 MgCr-LDH/MAO E 5 & BiX##7 3.5%NaCl Bi&HiRB3IdFH EISEIEER

Table 1 Fitting results of EIS plots of the samples with MAO and MgCr-LDH/MAO coatings after immersing in 3.5% NaCl

solution for 3 d

Sample Rpo/Qcm®  CPEpox10®  n Rya/Qem® CPEp/x107  n  Ry/Qem® CPEa/x10°  n  x/x10™
MAO 21.01 56.80 0.86 13100 35.61 0.82 6515 15.91 0.95 4.88
MgCr-LDH/MAO 194.4 1.379 0.84 15800 6.809 0.82 9442 4.751 0.55 4.63
¢ LDH a M gCr-LDH/MAO coating after corrosion b
v Mg(OH),

1
MgCr-LDH/MAO coating before corrosion
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[}
MA O coating bffore corrosion
1

1 1

1

MgCr—LDH/NiAO coating after corrosion
i

Transmittance

MgCr-LDH/MAO coating before corrosion

IMAO coating before corrosion

0
(3e}

6 8 10 12
20/(°)

14 16 18 20 22

2400 2200 2000 1800 1600 1400
Wavenumber/cm’
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Fig.10 XRD patterns (a) and FT-IR spectra (b) of samples with different coatings after 28 d immersion in 3.5% NaCl solution
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3 & it
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EVE . JEA A K4 1 MgCr-LDH % MAO 211
SR S B A S

2) AZ31 854 MAO 2 bR K LDH JZ B A
FE B PR, BE 0 B T B IO TR el
MgCr-LDH 2 FTR el HUEE F 23R8Ik . — 5 T JsU Ay A=
K¢ LDH 7 5 7 J5iah MAO W)= LIRS 540, 4%
BHAS 505 Tl i FLIH 5 R 802 IEE MAO 27 442 1l
WK 53— J7 10, LDH BURE A &5 1A #e ik, 3 ok 0 it
AT, BRI 2 DR i PR 5 o i 5088 (0 35 BR R
JE s DA O TS G [ 40 FH PO T B R U J2 IR AR
TERIR B S AR R A, KR HRE & &
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In-Situ Preparation of MgCr-LDH Nano-Layer on MAO Coating
of Mg Alloy and Its Anti-Corrosion Mechanism

Liang Siyan', Ren Weiwei', Lin Wenxin', Zou Linchi?, Cui Xiping®, Chen Junfeng'
(1. Fuzhou University, Fuzhou 350116, China)
(2. Fujian University of Technology, Fuzhou 350118, China)
(3. Harbin Institute of Technology, Harbin 150001, China)

Abstract: A highly corrosion-resistant and active-protection composite coating was prepared using layered double hydroxides (LDH) layer
and micro-arc oxidation (MAQ) to further improve the anti-corrosion property of Mg alloy. MgCr-LDH/MAQO composite coating was
prepared through in-situ growing LDH layer including NOs; on the surface of MAO coating. The morphology, composition and
microstructure of the MgCr-LDH/MAO composite coating were characterized by XRD, XPS, FT-IR, SEM, and the interaction between
LDH and original MAO coating was investigated. The anti-corrosion properties of the MgCr-LDH/MAO coating were tested through
immersion in 3.5% NaCl (mass fraction) solution and electrochemical experiments. The results show that the LDHs form a dense sheet-like
layer on the original MAO coating surface, which can effectively cover the inherent defects of MAO coating, and LDH layer is
preferentially formed in the pores of original MAO coating. LDHs do not damage the original MAO coating during the growth process, and
the adhesion of LDH layer and MAO layer are strong and stable. The composite coating shows the optimum corrosion protection, since
MgCr-LDH layer growing on the original MAO coating can hinder the penetration of chloride ions and effectively adsorb a large number
of NOs™ to exchange CI in corrosion solution.
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