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摘要摘要摘要摘要： 用微弧氧化和溶胶凝胶法在AZ91D镁合金表面制备复合膜层, 用扫描电镜(SEM)、能谱分析(EDS)、X射
线衍射(XRD)和电化学测试等分析手段表征其成分、相结构和截面形貌, 研究了复合膜层的耐蚀性。结果表明, 溶
胶凝胶膜有效地封闭了镁合金表面微弧氧化膜的微孔, 形成结合力好且较为致密的复合膜层。复合膜层的组成主

要有MgO、MgAl2O4、SiO2和ZrO2, 其耐蚀性能有显著提高。
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Micro––––arc Oxidation and Sol––––Gel Composite Coatings on Magnesium Alloy

SHANG Wei1,2,   CHEN Baizhen1,   SHI Xichang1,    WEN Yuqing2 
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Abstract: Protective composite coatings were obtained on a magnesium alloy by micro–arc oxidation 
(MAO) and sol–gel technique. The cross–section morphologies and composition of the MAO coating 

and composite coatings were analyzed by scanning electron microscopy (SEM) and energy dispersive 
X–rays (EDX). The phase structure of the composite coatings was analyzed by X–ray diffractometer 

(XRD). The corrosion resistance of MAO coating and composite coatings in a 3.5% (mass fraction) NaCl 
solution was evaluated by potentiodynamic polarisation measures. The results show that SiO2–ZrO2 

sol can effectively seal the micropores in the MAO coating, and the composite coatings are more 
compact and have good adhesion. The composite coatings are composed of MgO, MgAl2O4, SiO2 and 
ZrO2. The corrosion resistance of the sample with composite coatings is enhanced significantly.

Keywords: materials failure and protection    magnesium alloy    micro–arc oxidation    sol–gel    
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收稿日期收稿日期收稿日期收稿日期 2010-06-28 修回日期修回日期修回日期修回日期 2010-12-30 网网网网络络络络版版版版发发发发布日期布日期布日期布日期 2011-02-25 

DOI: 

基金基金基金基金项项项项目目目目: 

国家科技支撑计划项目2006BAB09B04和广西教育厅科研项目200911MS110资助。 

通通通通讯讯讯讯作者作者作者作者: 尚伟

作者作者作者作者简简简简介介介介: 

通通通通讯讯讯讯作者作者作者作者E-mail: shangw13@163.com 



参参参参考文考文考文考文献献献献：：：：

[1] MA Ying, ZHANG Hongfeng, HAO Yuan, CHEN Tijun, LI Yuandong, GAO Wei, Interaction 

of heat-treatment and micro-arc oxidation on AZ91D magnesium alloys, Chinese 

Journal of Materials Research, 23(6), 656(2009) 

[2] JIN Fanya, CHU Paul K., XU Guidong, ZHAO Jun, TANG Deli, TONG Honghui, Structure 

and mechanical properties of magnesium alloy treated by micro-arc discharge 

oxidation using direct current and high-frequency bipolar pulsing modes, Materials 
Science and Engineering: A, 435-436, 123(2006)  

[3] WANG Xuemin, ZENG Xiaoqin, WU Guosong, YAO Shoushan, LAI Yijian, Effects of 

tantalum ion implantation on the corrosion behavior of AZ31 magnesium alloys, 

Journal of Alloys and Compounds, 437(1-2), 87(2007) 

[4] CHEN Changjun, WANG Maocai, WANG Dongsheng, JIN Ren, LIU Yiming, Microstructure 

and corrosion behavior of Mg-Nd coatings on AZ31 magnesium alloy produced by 

high-energy micro-arc alloying process, Journal of Alloys and Compounds, 438(1-2), 

321(2007) 

[5] JIANG Kuisheng, TANG Yuming, ZHAO Xuhui, ZUO Yu, Influences of the current density 

on surface morphology and adhesion of anodic films of AZ91D magnesium alloy, 

Chinese Journal of Materials Research, 24(3), 305(2010) 

[6] YANG Wei, JIANG Bailing, SHI Huiying, XIAN Linyun, Microstructure and corrosion 

resistance of composite coating on magnesium alloy by micro-arc oxidation and 

electrophoresis, 

[7] Chinese Journal of Materials Research, 23(4), 421(2009) 

[8] CUI Zuoxing, SHAO Zhongcai, LIU Zhiyuan, ZHAO Lixin, TIAN Yanwen, Effects of 

additives on properties of ceramic coatings formed by micro-arc oxidation on AZ91D 

Mg alloy, Chinese Journal of Materials Research, 23(2), 193(2009) 

[9] GUO Hongfei, AN Maozhong, Growth of ceramic coatings on AZ91D magnesium alloys 

by micro-arc oxidation in aluminate-fluoride solutions and evaluation of corrosion 

resistance, Applied Surface Science, 246(1-3), 229(2005) 

[10] A.L.Yerokhin, A.Shatrov, V.Samsonov, P.Shashkov, A.Leyland, A.Matthews, Fatigue 

properties of Keronite coatings on a magnesium alloy, Surface and Coatings 

Technology, 182(1), 78(2004) 

[11] L.O.Snizhko, A.L.Yerokhin, A.Pilkington, N.L.Gurevina, D.O.Misnyankin, A.Leyland, 

A.Matthews, Anodic processes in plasma electrolytic oxidation of aluminium in alkaline 

solutions, Electrochimica Acta, 49(13), 2085(2004) 

[12] SHANG Wei, CHEN Baizhen, SHI Xichang, XIAO Xiang, Effect of electrolyte additives on 

performance of micro-arc oxidation films formed on magnesium alloy AZ91D, Rare 

Metal Materials and Engineering, 38(2), 335(2009) 

[13] C.Blawert, V.Heitmann, W.Dietzel, H.M.Nykyforchyn, M.D.Klapkiv, Influence of process 

parameters on the corrosion properties of electrolytic conversion plasma coated 

magnesium alloys, Surface and Coatings Technology, 20(1-4), 68(2005) 

[14] SHANG Wei, CHEN Baizhen, SHI Xichang, CHEN Ya, XIAO Xiang, Electrochemical 

corrosion behavior of composite MAO/sol-gel coatings on magnesium alloy AZ91D 

using combined micro-arc oxidation and sol-gel technique, Journal of Alloys and 

Compounds, 474(1-2), 541(2009) 

[15] BAI Allen, CHUANG Poyao, HU Chichang, The corrosion behavior of Ni-P deposits with 

high phosphorous contents in brine media, Materials Chemistry and Physics, 82(1), 93



(2003) 

[16] YAO Zhongping, JIANG Zhaohua, SUN Xuetong, XIN Shigang, WU Zhendong, Influence 

of the frequency on the structure and corrosion resistance of ceramic coatings on Ti-

6Al-4V alloy produced by micro-plasma oxidation, Materials Chemistry and Physics, 92

(2-3), 408(2005) 

[17] LIANG Jun, HU Litian, HAO Jingcheng, Improvement of corrosion properties of microarc 

oxidation coating on magnesium alloy by optimizing current density parameters, 

Applied Surface Science, 253(16), 6939(2007) 

[18] DUAN Hongping, DU Keqin, YAN Chuanwei, WANG Fuhui, Electrochemical corrosion 

behavior of composite coatings of sealed MAO film on magnesium alloy AZ91D, 

Electrochimica Acta, 51(14), 2898(2006) 

[19] SHI Huiying, YANG Wei, JIANG Bailing, Corrosion performance of micro-arc-oxidation 

and electrophoresis complex coatings on magnesium alloy, Corrosion and Protection, 

28(9), 442(2009) 

本刊中的本刊中的本刊中的本刊中的类类类类似文章似文章似文章似文章

1．陈一维 张颖 汪大云 韩恩山 .Mn4+--掺杂锂钒氧化物的合成及其电化学性能[J]. 材料研究学报, 2011,25

(2): 205-208
2．方信贤 甄睿 薛亚军 王章忠.两种不锈钢在单相流和液/固两相流中冲刷与腐蚀的交互作用[J]. 材料研究学报, 

2011,25(2): 172-178
3．王娜 白朴存 侯小虎 郝永飞.Nd对AZ91镁合金显微组织和耐腐蚀性能的影响[J]. 材料研究学报, 2011,25(2): 

214-218
4．葛延峰 蒋百铃 李育磊 杨志远.镁合金表面微弧氧化--SiO2复合膜层的微观结构和耐蚀性[J]. 材料研究学报, 

2011,25(1): 79-83
5．贾志军 杜翠薇 刘智勇 高瑾 李晓刚.3Cr低合金钢在含饱和CO2的NaCl溶液中的腐蚀电化学行为[J]. 材料研

究学报, 2011,25(1): 39-44
6．王艳秋 王岳 陈派明 邵亚薇 王福会.7075铝合金微弧氧化涂层的组织结构与耐蚀耐磨性能[J]. 材料研究学报, 

2011,47(04): 455-461
7．朱庆振 薛文斌 鲁亮 杜建成 刘贯军 李文芳.(Al2O3-SiO2)s f/AZ91D镁基复合材料微弧氧化膜的制备及电化

学阻抗谱分析 制备及电化学阻抗谱分析[J]. 材料研究学报, 2011,47(01): 74-80
8．马颖,冯君艳,马跃洲,詹华,高唯.镁合金微弧氧化膜耐蚀性表征方法的对比研究[J]. 材料研究学报, 2010,30(6): 

442-448
9．倪志龙 王彪 杨晔 宋伟杰.溶胶粒径对氧化硅减反射膜结构和光学性能的影响[J]. 材料研究学报, 2010,24

(5): 478-482
10．赵占勇 管仁国 曹富荣 崔彤 黄红乾.工艺条件对Mg-3Sn-Mn合金连续流变成形组织的影响机理[J]. 材料研

究学报, 2010,24(5): 513-454

Copyright by 材料研究学报


