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Process and Mechanism of Plasma Sintered Composite
Ceramic Coating on 7AS55 Aluminum

CHEN Hai-tao, WU Hu-lin, L1 Zhong-sheng, CONG Da-long, HE Qing-bing, YI Tong-bin

(Southwest Technology and Engineering Research Institute, Chongqing 400039, China)

ABSTRACT: The work aims to obtain the modified micro-arc oxidation process by optimizing the electrolyte formula and
electrical parameter output mode to prepare SiO, and Al,O3; composite ceramic coating with excellent comprehensive properties.
Alkaline silicate electrolyte was used as the arc initiator and 80~150 mL/L alkaline silica sol solution and 60~80 g/L sucrose
were used as auxiliary additives to prepare SiO, and Al,0; composite ceramic coatings on 7AS55 aluminum alloy by adding
negative electrical parameters. Microstructure and elements of the composite coating were studied by test methods like SEM and
EDS. The mechanism of membrane formation by new process was studied by comparing the micro-arc oxidation process used to
prepare single Al,O; ceramic coating. SiO, and Al,O; composite ceramic coating with thickness over 100 pm could be prepared
on 7A55 aluminum alloy by modified process and the preparation efficiency was increased by 2~3 times when compared with

the micro-arc oxidation process used to prepare single Al,O; ceramic coating. The content of SiO, and Al,O; in the composite
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coating respectively decreased and increased from the coating surface to the inner side. The composite ceramic coating showed a
compact surface in the form of spherical particles without cracks or micro pores which existed in the single Al,O; ceramic
costing prepared by MAO. In addition to forming micro-area plasma arc sintering by micro-area discharge to obtain Al,O;
ceramic coating, the new process also had SiO, adsorption deposition, which was a comprehensive process of adsorption and
sintering. Adding alkaline silica sol containing nano-SiO, to modify electrolyte is beneficial to improving the structure and
compactness of ceramic coating.

KEY WORDS: 7A55 aluminum alloy; micro arc oxidation Al,Oj3; SiO,; microstructure; composite ceramic coating
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Tab.1 Comparison of processing parameters for preparing single Al,O; ceramic
coating and SiO, and Al,O; composite ceramic coating

Categor Output Current Density Frequency Duty Time Processing
gory model /(A-dm™?) /Hz ratio/%  /min model
Single ceramic coating Positve electrode 3~4 800~1200 30 10~120 Constant current
; ; Positve electrode 3~6 800~2000
Comp osne? ceramic 30 10~50 Constant current
coating Negative electrode 0.5~1 800
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Fig.1 Comparison of SEM images of (a) single Al,0; ceramic coating and (b) SiO, and Al,O3 composite ceramic coating
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Fig.2 Surface (a) and cross-sectional SEM (b) images of SiO, and Al,0; composite ceramic coating
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Tab.2 EDS analysis results of SiO, and Al,O; composite ceramic coating

Elements Surface Cross section
mass fraction/% 0 Si Bal. 0 Al Si Bal.
EDS analysis 1 53.64 43.40 2.96 57.46 12.23 26.36 3.95
EDS analysis 2 54.40 44.04 1.56 56.92 11.52 27.39 4.17
EDS analysis 3 54.32 42.92 2.76 51.53 9.31 30.90 8.26
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Fig.3 Variation rules of voltage along with treatment time
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1—The phenomenon of generated micro arc of single ceramic coating; 2—The formation of single ceramic coating;

3—The phenomenon of generated micro arc of composite ceramic coating; 4—The formation of composite ceramic coating
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Fig.6 Machanics of generated micro-area discharge on 7A55 aluminum test sample
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Fig.7 SEM images and elements analysis result of ceramic coatings on aluminum alloy before micro
discharge by EDS: a) single Al,0; ceramic coating; b) SiO, and Al,0; composite ceramic coating
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