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Micro-arc Oxidation Behavior of TC4 Alloy Based on Scanning Cathode
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ABSTRACT: The work aims to obtain uniform, continuous and print-free micro-arc oxidation coatings on the surface of
large-size TC4 alloy flat workpieces in the oxidation bath system of phosphate. Fully-closed and semi-closed cathodes were de-
signed to perform oxidation test, and effects of different sealing methods on micro-arc oxide coating on titanium alloy were stu-
died to determine final cathode sealing form. Specimens were subject to microarc oxidation, and morphology and composition
of the coatings were detected with SEM/EDS. The fully-closed cathode could effectively avoid effects of weak electric field on
the coatings. MAO coatings were affected by opening width and sealing direction of the semi-closed cathode. In the direction of
opening, radiation area of the electric field was about 150 mm, the coating thickness decreased with the increase of the distance
from the cathode. Thickness of the coatings attenuated slightly at 1 time of the cathode width, and the influence area was about 6
times of the cathode width. The influence area of oxidization would be 12 times of the cathode width if the cathode was not
sealed on both ends. The cathode structure featuring in moderately opened forepart and fully-closed rear can control film falling
off and ablation defect caused by change of the electric field intensity during the oxidation process, and continuous and uniform
micro-arc oxide film is obtained. Oxidation process parameters can be set as voltage of 450 V, pulse width 15, pulse number 500
and scanning speed 10 mm/min.
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Tab.1 Composition of TC4 titanium alloy
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Fig.1 Closed cathode
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Fig.2 Semi closed cathode

2 HRKS

2.1 AR RRAE I EENE L R0

K 3 BRI SRR, R FAROE B, A
I RERETESE E XA A=, 3R AT e 22 19 13k
IAEALIR, U3 A B2 1 v e P B 52
H L AT L, A B AT A R B 1k 555 R 3 0 I 4 AL
R B A F 0

Y

K3 P B AL X I

Fig.3 Closed cathode oxidation region
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Fig.4 Semi closed cathode oxidation region
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Tab.2 Width partition test result

J5 1A E B /mm JEIEM A/ um  FE{E/um
0~25 9.6. 9.8, 9.1 9.5
25~50 8.4, 8.6, 8.3 8.4
HEJrm 50~75 6.3. 6.4, 6.6 6.4
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(B BR 50~75 26,29, 23 2.6
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Fig.5 Influence of opening distance on coatings thickness
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Fig.6 Influence of sealing distance on coatings thickness
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Fig.7 Front and rear part of scanning cathode
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Fig.8 Large size titanium alloy plate after micro-arc oxidation
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Fig.9 Micro morphology of micro-arc oxidation coatings
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Tab.3 Composition analysis of micro-arc
oxidation coatings

TLHE JoT A EU % A G A
0K 47.95 69.86
Na K 0.45 0.46
ALK 2.03 1.75
SiK 1.58 1.31
PK 12.34 9.29
K K 0.14 0.08
Ti K 34.27 16.68
VK 1.26 0.57
M 100.00
3 HFHig
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