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Effect of Electrolyte on Mechanical and Corrosion Properties of AZ91
Cast Magnesium Alloy Coated by Plasma Electrolytic Oxidation Method
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Abstract

The effect of electrolyte on mechanical and corrosion properties of AZ91 magnesium alloy by plasma electrolytic oxidation
(PEO) method was investigated. The coating layers formed in the silicate and the aluminate electrolytes showed porous structures.
The small pores were randomly distributed on the coatings formed in aluminate electrolyte while the coatings formed in silicate
electrolyte showed much bigger pores. In the aluminate electrolyte, the coatings were composed of Mg, MgO and MgAl,O,,
whereas Mg, MgO, MgAl,O, and Mg,SiO4 were identified in the coatings formed in silicate electrolyte. The hardness of coatings in
the silicate electrolyte was higher than that of coating grown in the aluminate electrolyte. The AZ91 alloy coated in the silicate elec-
trolyte had higher tensile strength and elongation than that coated in the aluminate electrolyte. In addition, the coatings formed in
the silicate electrolyte showed much better corrosion resistance compared to the coatings formed in the aluminate electrolyte.
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Table 1. Chemical composition of AZ91 alloy.

Element Al Zn Mn Si

Cu Ni Fe other Mg

wt% 8.7 0.8 0.12 0.02

0.0045 <0.001 0.0056 <0.0067 Bal.
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Fig. 1. Surface morphologies of coatings formed in the (a) alumi-
nate and (b) silicate electrolytes.

gtelst 4= Q). 3k silicateAd] AsfjAolA FAHH ¥e
alummateﬁl] Asf ol AE HHr) B8 FH/|FESS

UERH AT

Fig. 2= aluminate”]l 31 & 3} silicater] sl dellA ]2
23 AZ91 32 T)2ke] Bl §4 2 EDS #4 Axjolth
7} wlgto] TR Ao g 7|x|e} ykE FEEH Al
ZAS Yeple ¥uEe] gaEow EHEY, Bk yuxn
w w st s1de) AARe e Badsi] 127
£33 FAE YeR ). SilicateA] As)Z oA )ubA] 2 3k
AZ91 = H9e] tee F71eE B uELS B

Elem. (wt%) Mg (0] Si Al In
Coating L

" P-1 47.57 39.76 - 10.03 2.64

‘Substrate
" pP-2 47.72 40.45 - 9.79 2.04
P-3 78.33 13.1 - 6.56 2.01
Elem. (wt%) Mg (8] Si Al Zn
C"éaﬁl:;' Layer P-1 3217 37.62 10.75 16.75 1.72

S
_,'.h"' b ¥ ot P-2 46.95 31.58 6.89 11.89 2.69
Substrate

500 0016 P-3 74.14 10.22 1.59 10.37 3.68

Fig. 2. Cross section morphologies and EDS analyses of coatings formed in the (a) aluminate and (b) silicate electrolytes.
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Fig. 3. XRD patterns of coatings of AZ91 alloy formed in the
aluminate and silicate electrolytes respectively.
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Fig. 4. Hardness of coatings on AZ91 alloy.

o] A4S AAs= 7P 523 29 w9} AsjE gAS
T Aol o8] Mgdha ¥l ¥4
He Fug PAske e FR7F A4 E S, Silicate”]
sl A etxE]st oA HEE Mg,SiOns 3ol
Halgto =N FHE SieEHE FAE AL, MgALOE AZ91
SO 2R E FFE AlCERE FAHECH ¥vPH aluminateA)
A dolx AAE MgAIOLE AZ91 THF L Aaje] Ea)
Z 93t A7 AlCERE FARETT AL

AZ91 F+ 9o 2453 tade] Wi ZEE Fig 4
of UehiSIth AZ91 & oF 90 Hve] ZA=S Yehi,
A F ekl AxE 2@ZoA ¢k 500 Hy o3-S 1t
ERITE S o]get 2HE] HArEe thyFET 100~200
HAE =%0H o]AL tase] B2 73S 7K ]
wjFolg}ar Azt A, aluminate A3 FolA T)ekx| 2] gk
AZ91 3 TR silicaterd] s el Aoy 2 7]
5 BTN § 5o AEES Byt oA T 2UE
nAzA o] Aol fAlekal, YRR Mg,SiOf= MgALOLK.
o B AT E(13] 2= AL 3#skE EDS 2 XRD 23
A BEo] mut AR JeFolgta AyztET

Fig. 55 a2 Z5H w2 s, dutw g8y
2&8 JeRd Zoltt, sukAe] d AZ91 a2 FHAE g

(b)
10
8-
— 6
£
c
S 4
=
1]
4
S 2
w
0 T T —
Uncoated Aluminate Silicate
AZ91 alloy Electrolyte Electrolyte

Fig. 5. (a) Tensile strength, 0.2% proof stress and (b) elongation of the coated AZ91 alloy.



~236- Fekze} s AskAElE AZ9I

Favla 43R /A 9 ) 54

doll v A% AaiAe) dak - 7w -

o4 -

1o8pm BENED 1

Fig. 6. Fracture surfaces of (a) the uncoated AZ91 alloy and the coated AZ91 alloy in the (b) aluminate and (c) silicate electrolytes.
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Fig. 7. Polarization curves for the coated AZ91 alloy in 3.5% NaCl solution.
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