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Effect of Duty Ratio on Al,O; Ceramics Coating Fabricated on
TiAl Alloy Via Cathodic Plasma Electrolytic Deposition
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ABSTRACT: The work aims to study the effect rules and action mechanism of the duty ratio on cathodic plasma electrolytic
deposition (CPED) process by adjusting the experimental process. Al,0O3 ceramics coating was fabricated via CPED technique
on prepared TiAl alloy in AI(NOs3); electrolyte under different duty ratios. Microstructure and compositions of different ceramic
coatings were analyzed by analysis and test techniques including scanning electron microscopy (SEM), energy-dispersive spec-
troscopy (EDS), transmission electron microscopy (TEM) and X-ray diffraction (XRD), and the material property test equip-

ment such as eddy current thickness meter, surface profiler, Vicker’s hardness tester, scratch tester, etc. The thickness, rough-
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ness, hardness and binding strength of coating were also characterized. During the deposition, the duty ratio mainly affected the

deposition adsorption and dehydration sintering of amorphous AI(OH); and the formation of crystalloid AL,O;. As the duty ratio

increased, the relative crystallinity of ceramic coatings increased, the surface defects and cracks decreased, the uniformity, den-

sity and hardness improved, the thickness and binding strength increased firstly and then decreased and the surface toughness

decreased firstly and then increased. When the duty ratio is 30%, the surface defects are less and the coating is bond with the

substrate well. The lattice fringe of coating is neat and composed of a-Al,O3, y-Al,O3, small amount of rutile-TiO, and amor-

phous phase Al(OH);. a-Al,O3 is 89.0%, the thickness is 47 pum, the surface roughness is 1.0 pum, the binding strength is 72 N

and the hardness is 1010 MPa(HV o).

KEY WORDS: cathodic plasma electrolytic deposition; TiAl alloy; Al,O; ceramics coating; duty ratio; microstructure; crystallinity
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Fig.2 Oscillograms of pulse current under different duty ratios
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Fig.3 Microstructure of the ceramic coatings under different ratios
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Tab.1 Quantitative analysis of elements in different
parts of ceramic coating

at.%
Points Al o Ti Other (V, Cr)
A 32.85 61.17 4.26 1.72
B 15.32 63.10 17.15 4.43
C 32.16 59.33 5.57 2.94
D 21.07 61.62 14.96 2.35
E 36.40 63.09 1.25 0.26
F 30.01 60.82 5.49 3.68
G 22.32 64.40 10.87 2.41
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Tab.2 Content of phase compositions of different
ceramic coatings

%
Duty cycle o-Al,O; v-ALOs rutile-TiO,
10 67.6 28.2 4.2
20 77.4 19.3 33
30 89.0 8.5 2.5
40 91.7 7.1 1.2
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Fig.5 High resolution electron transmission micro-morphology and electron diffraction
patterns of the ceramic coatings under different ratios
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