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Effects of additive concentration on
microstructure and corrosion resistance of
ceramic coatings formed by micro-arc oxidation on AZ91D Mg alloy

LUO Hai-he, CAI Qi-zhou, WEI Bo-kang, YU Bo, HE Jian, LI Ding-jun

(State Key Laboratory of Material Processing and Die & Mould Technology,
Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: (NaPO;), with various concentrations was added to Na,SiO3;-KOH electrolyte system, the ceramic coatings that
were composed of MgO, Mg,SiO,;, MgAl,0, and amorphous phase were prepared by micro-arc oxidation (MAO)
technique on AZ91D magnesium alloy. Effects of (NaPOs)s concentration on chemical composition, microstructure and
corrosion resistance of the MAO ceramic coatings were studied by using environmental scanning electron microscopy
(ESEM), X-ray diffractometer (XRD), energy dispersive analysis of X-rays (EDAX) and electrochemical method. The
results show that with the increase of (NaPO;)s concentrations, the thickness and surface roughness of coatings
appropriately linearly increase; the microstructures of the coatings change a lot; the contents of MgO and Mg,SiO, increase
at first and then decrease, while MgAl,0, content gradually decreases. When the dosage of (NaPOs)s is 5 g/L, the coating
obtained has the best corrosion resistance, whose corrosion current density is reduced by over 3 orders of magnitudes
compared with the substrate and the corrosion potential increases 233.7 mV in positive direction. However, the corrosion
resistance of the MAO coatings decreases with (NaPOs)s concentrations further increasing.
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Fig.1 Relationship between thickness and surface roughness

of MAO ceramic coatings and (NaPOs)s concentrations
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Fig.2 Cross-sectional morphologies
| of MAO ceramic coatings
| formed in electrolytes containing
. various (NaPOs)s concentrations:
(2) 0 g/L; (b) 3 g/L; (¢) 5 g/L; (d)
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Fig.3 XRD patterns of AZ91D magnesium alloy and MAO
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(NaPOs)¢ concentrations
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Fig.5 Potentiodynamic polarization curves of AZ91D

magnesium alloy and MAO ceramic coatings formed in

electrolytes containing various (NaPO;)s concentrations
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Table 1 Parameter values of potentiodynamic polarization curves of AZ91D magnesium alloy and MAO ceramic coatings formed

in electrolytes containing various (NaPO;)s concentrations

(NaPO;)G

. 4 b/V bJ/V Eeon/V Jeor(A-cm™?) R/(Q-cm?)
concentration/(g'L )

AZ91D 0.064 9 0.2393 -1.574 0 2.8644X107° 7.739 3X10°
0g/L 0.203 2 03736 -1.439 1 2.4225%X107° 2359 1X10°
3g/L 0.144 5 1.130 3 -1.1675 1.2431X107° 4.4753%10°
5g/L 0.1750 0.1917 -1.340 3 5.0283X10° 7.900 1X 10°
7 g/L 0.109 9 0.267 4 -1.5322 1.2223X10° 2.766 9 X 10*
10 g/L 0.064 8 0.817 6 -1.4125 7.4893%X1076 3.4811%X10°

(AR, HEEVHEE ) ke, R PR R T O™ EHE
L SRR R TR B2 3 . Si 4, BiE LS %
MR, B g 2R T OB ) Ak L LA 3
K, Ry, WBEiE R R G ) — A~ 2
JEA.

FEOIAE A AR T, AR DA U B 1 A A )
TP B X S BB S T, 7E55 8 T4
TR IR R e (p = 10> GPa, 1= 2X 104 C)MER R
RS RN, TERMgOB HAb % 2L 4k
Yo MR R Si03 « POS B 146 HLdz ]
NI EE kO A BA AR, BT A SE A 1
o B [ N T2 T 8 AR [ JE 1 (NaP O )
£Na,SiO;-KOH L h i, HUfE M h ] Be R AR I R
&}ﬁ[I%ZO]:

Mg —2e = Mg*' (2)
Al-3e = AI’* (3)
Mg* + 20H = Mg(OH), “)
AP+ 30H = Al (OH), 5)
Mg(OH), = MgO+H,0 (6)
2A1(OH); = ALOs+3H,0 (7
MgO + ALO; = MgALO, @®)
2Mg*" +Si0F +20H = Mg,Si0,+H,0 9)

D, BB 22 )= 5 1T MgO . Mg,SiO, Al
MgALOA(KI3). T AR AL P08 BUAR R AL (¥ 1
RN, A HEE Tk 10° K/, LA S JE 2
AR AP BT DRI, B RE 2 e (R AR T g L
RS ARAAAE . R, RTINS A e T A A5
N S

BRI, B E, AL o 5w L 5

34 RN EPY . AR5, 0 /LM% 2 H
MgO. Mg,SiOy FIMgALO,F &R /D, HARE — 2
Bk, AR AR A A H L A o 2 3 5 i g
WORAE N, BT AR B EAR 225 3 o/LB &2 1Ak 2241
J50 /LB ZE AL, AH R S R R, TRl i
LT 7 g/LBEIAFI0 /LM% S H AR
KIFLIR, SRR Z, BURTTE L& IR = 2 —
Lo, (HJE HMgSiO & RN, RS LE, B
DA A T e . XTS5 @/LB 2ok, R R
ASEEJREN, RS HA RKRIMgORIMg,Si0,, ¥
AT IIORCR R A5 i 10 2 KT8 2 A A I 2 45 4
B, ORIEE D, BN R R AR R
AR Y BORISE, 1T ERE R 1 e
WRPBEAN YT B (COY IR FT, AT s 7 s il I
VR B s I, R H L i e 2 g e (Cn BRI SRR LT 7R o
AL, E R N0 A FE (R (NaPOs)6 s 7, 1 LA
B SE INARICAEA IE  ( JE R, S IR 2 A 2 21
S tikey, TR I I P R o

4 #ig

1) BEF (NaPOs)eIfk B4 iy, AL B 8 2 A
Ko, M52 R RE RGN, A A I AL LA AN
IBE J 22 P 2 TR FS2 AR A R 14

2) TN AL B & 2 2 HMgO . Mg,SiOy -
MgALO AR FhAHAL R . Bl #5 (NaPOs)e I I3
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