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Corrosion Behavior of Micro-arc Oxidation Composite Coating on 1.Z91 Magnesium Alloy
Wang Run', Wang Zhongjun', Lin Ru', Diao Shuang', Hu Fengya?®, Li Weijuan'
(1.School of Material and Metallurgy, University of Science and Technology Liaoning;
2.State Key Laboratory of Metal Material for Marine Equipment and Application, Ansteel Group Corporation)
Abstract:1.Z91 magnesium lithium alloy sheet was microarc oxided in graphene electrolyte to obtain MAO film
layer. A double-layer conductive film (MAO/CG) and a triple-layer anti-corrosion film (MAO/CG/AG) were
prepared on the MAO film layer by immersion method. The micro morphology was observed by metallographic
microscopy and scanning electron microscopy, and the corrosion behaviour of the film layers was analyzed by elec-
trochemical workstation, and the electrical conductivity of the film layers was measured using the Hall effect. The
results reveal that the minimum corrosion rate of prepared MAO film layer is 0.13 mm/a when the concentration
of graphene in the electrolyte is 1.0 g/L, while that of MAO/CG double-layer conductive film layer is 0.04 mm/a
and the Hall effect conductivity is 7.89 S/cm. In addition, the MAO/CG/AG triple-layer anticorrosive film layer
has corrosion rate of 0.003 mm/a.
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Fig.1 Schematic diagram of the microarc oxidation device
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Tab.1 Composition of micro arc oxidation electrolyte

LRI B AR/ NapSiOs 5/ NaOH &4t/ NaF &t/

i (g« LD (g« LD (g LD (g« LD
Go 0 15 4 8
G, 1 15 4 8
G 2 15 4 8
Gy 4 15 4 8
Gy 6 15 4 8

A H 8 T P T SRR R TR S 1.0 /L R A 4 1
MAO 2 B A S o 77 B0 B 30 s 75 9 3L F A4
12 b ARSI R 30 um 1 S ol 47 AR IER L A
PO A 2/ 5 A7 SR XU B 6 R MAO/
CG. 44 1Y MAO/CG ¥ A S 5 1 T 47 28 45 0
130 s, BRI FAREE 12 b3 ST Y 30 pm
B3 B 7 S L2 6 I AL/ 5o 1 B 7 28
s 3 R IR Bk MAO/CG/AG , 5 77 B 4
BB 4T S B L 2 I 3. MAO R R E
SR A R L 2,
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Tab.2 Main composition of conductive graphene paint %
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Tab.3 Main composition of anticorrosive graphene paint %
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Fig.2 Preparation diagram of MAO film layer and its

composite film layer
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Fig.3 Cross section morphology and line scanning results of G,

Gy IR ML A R WK 4. ATLUE
LGyl MAO JRZ B R AR 3 52 4R 3l 25 28, /]
DA 2 el L B R 2 0y 38 pme. E ] da 7]
IS 3] MAO JRJZ i) — S8 LR b A e Kk C B0kL . 7E
LA 30 pmkb AR BRI R C AL E AR 4b [ Al L
MEEE MAO BEJZE C iS5 Mg S 2R, ik
IETE AL 7 b 2 2 9E A B MAO JBZ LR F 2¢
gerb A LI p R SR AR L T PR BN O R AR s i s TR R
R C WKL, X 28 C BORL 25 3% ZE £L 1 L 3 i MAO JiJZ
H LR R IN s MAO R B 478 2 308 B 4 v

@ sz%)% 1200

1000 F
800 |-
% MAO ~—Mg
& 600 |
Si
400
F c 5
"y M
0 A
0 15 30 45 60 75
VR E/um

() G &R &EH R (b) Xiap4 R
B4 G BREY R KSR
Fig.4 Cross section morphology and line scanning results of G,
G, BEBIETE LK 5, BZTFHERE N 36 ~42
e A UGS B AL ROF 0/ FLIR B i 3 2L 308 )2
H LR AL S X B T A R R A BRI S R TR
S RE ) R R R E MERRARTY . e MAO B
0L 2 AL B0 2 AL R A LR .
K6 A Al 7 B S i MAO 2.1/ 7 K
MAOREZFHJEE S A B/ SR LR AT LLEH,
1695



Fefp il oA (G4 2023 AR50 43 55 12 1]

B 5 G, &4 MAO BEER @K
Fig.5 Cross section morphology of MAO film on G; sample
Go GG, Gy A Gy [ 17 39 J8 B2 43 51 Ry 19,7,
34.6.,40.0,42.1 1 43.6 pom, )23 JE B Bl 0 B 05 VA 0
S (10 18 o0 TR B 0 3 0SB B P AR

(b) Gy

S

() G

SRR IG 0 A ) B R 2% PR T SRR 2R T AR B K A TR
A A] P o 25 % A 140 DT 4 1 T2 A KUY L g
BT B2 R 0 (um) 54 BRI I ¢ (g/L) 1)
KEWAAX N
Ind =3.84 —0.42/(0.49 + ¢) (D
ALVEWEE S A BERINE 28R, Mh
PV PP A B S T AR SR N BRI R R A K
R RO B /N L A B I R i T 2 R E MAO
B J2 RS B 38 A0 [ B, 25 2 s O AR AL i B rh MALO i
EME R . YA SRS R SRR T
R MAO J 2 0 75 A o B 2 BB 8 B 83T 7 4
BRI IE MAO B2 J5 5 3 i 3108

100 um 100 um

(d) Gy (e) Gg

A6 FRGEHEZTHEEYR

Fig.6 Film morphologies with different graphene concentrations
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Fig.9 Morphology of MAO/CG/AG triple-layer anti-corrosion

film and EDS line scanning results
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Tab.4 Data of hall effect conductivity test

ke FE IR UM L T/ (S/ em)
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Fig.10 Polarization curves of MAO film
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Tab.5 Fitting data of polarization curve of MAO film

e Ecore/ Jcore /(X107 1./ R,/
R \Y% Aescm ?) (mm=+a 1) B S;

Go —1.53 2.0 0.24 69 357 12 570
G —1.55 1.1 0.13 58 221 17 834
Gy —1.55 2.6 0.30 72 267 9 374
Gy —1.54 3.5 0.39 82 296 7 953
G —1.53 3.6 0.42 76 338 7 431

P 1T 2 v SR 0 R A T A S0 R B9 MAO iR JZ 78
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Fig.11 Impedance spectrum of MAOQO layer
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Tab.6 Equivalent circuit fitting data
R,/ R/ Q,/

B (Q -+ cm?) (Qecem?)  (em?+S*+Q+10°) "
Go 230 3768 5.5 0.81
G 496 3759 4.8 0.81
Gy 238 2 822 5.0 0.82
Gy 250 1710 5.1 0.84
Gy 254 1521 4.1 0.89
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MAO i J2 i b B
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A SR 2 G R 1 B Ik B T o KO R
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305, ATl L A B . T F A AR S )2 1 7 A BHL RS
TR ARV ORI BE G AR Z B A T ORI
J& B 7R B AR ik E 3R T I 2 BRI R 1 i ok
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Fig.13 Polarization curves of MAO film/composite film
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Tab.7 Polarization curve data of composite film

- Een/  Jeom/X1077 I./ R,/
A \Y% (Aeem™2) (mmea D) P B Q
MAO  —1.55 112 0.13 58 221 1.78X10°
MAO/CG —1.48 41 0.04 73 198 5.65X10°
Navs
MAXé(’("/ —1.48 2.7 0.003 70 267 8.93X107

REfR Rl T IS . ZE7E MAO/CG B2 Ll T
B JE A0 SR 2. 5 MAO/CG XUZ S ot 2 46 1L, JE b
CER A WL TR A AN 2R b N O N E I R
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T RRRR A AE T AR T BT A R U I Y O v B
Ji A A M TS SR AR R4 1 3 )23 1A 2R X R A 1Y IS okt
B A

Kl 14 25 MAO/CG WZ T HE)Z S5 MAO/CG/
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MY BRI . % 8 X 4L G At . AE R B LA 15,
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Fig.14 Nyquist diagram of impedance spectrum of composite film
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Tab.8 Matching data of composite film equivalent circuit

jrw s R;/(Q + cm?) R,/(Q * cm?) R:/(Q ¢+ cm?)
MAO/CG/AG 9 824 208 32 353
MAO/CG 7 061 128
MAO 4412

|
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Fig.15 Equivalent circuit
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