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ABSTRACT: The work aims to alleviate the galvanic corrosion between TA15 alloy (Ti6AlI2Zr1MolV) and dissimilar metals
caused by contact. TiO, ceramic coating was fabricated on the surface of titanium alloy by microarc oxidation (MAO) method in
silicate based electrolyte. The phase composition, microstructure and distribution of element of the coatings were characterized
by characterization methods such as XRD, SEM and EDS, and the corrosion resistance was investigated by polarization curves,

electrochemical impedance spectrum (EIS) and galvanic corrosion. The MAO coating was composed of inner layer and outer

WHSEE: 2019-02-28; 21T HHA: 2019-04-28

Received: 2019-02-28; Revised: 2019-04-28

BEEWH: AR A &AF AL (51371071, 51571077 ); B B KA A2 AFLAR (51621091 ); F BALE A5 &4 (20163877014 )
Fund: Supported by National Natural Science Foundation of China (51371071, 51571077), Innovative Research Groups of the National Natural
Science Foundation of China (51621091), Aviation Science Foundation of China (20163877014)

fEE®N: AH (1986—), B, #Mid, LRIF, ELHAFI @A REIE,

Biography: ZHOU Ke (1986—), Male, Master, Engineer, Research focus: surface engineering.

BiREE: 229 (1978—), B, WL, #&k, T 2MEHS QA HRMBERE, . wangyaming@hit.edu.cn

Corresponding author: WANG Ya-ming (1978—), Male, Doctor, Professor, Research focus: functional ceramic coatings. E-mail: wangyam-
ing@hit.edu.cn



Fa8E £

JARFAE . TALS A il A A b e U 2 il 2 5 P i 8 e e - 73 -

layer. The inner layer was dense, while the outer layer was loose and microporous. The bonding of the inner layer and matrix

showed a concave and convex interface, and the phenomenon of ‘local over-growth’ appeared in some local regions. The coat-

ing mainly consisted of rutile and anatase TiO,. Compared with matrix alloy, the self-corrosion potential of the coating was in-

creased by 0.672 V. Meanwhile, with the oxidation time increasing, the coating thickness increased and the inner layer became

denser, which improved the self-corrosion potential of the coating. As the increase of oxidation time, the impedance of the inner
layer increased, which was 1.16x10° Q-cm? (10 min), 1.2x10° Q-cm? (30 min), and 3.8x10° Q-cm? (50 min), respectively. After

galvanic corrosion testing for 15 days in 3.5wt.% NaCl solution, the average galvanic corrosion rate of steel/MAO coating on

TAL1S alloy was significantly lower than the corrosion rate of 30CrMnSiA steel coupled with TA15 alloy, babbitt and albronze.

The excellent dense barrier inner layer of the MAO coatings has good blocking features and reduces the galvanic corrosion sen-

sitivity, thus effectively alleviating the occurrence of galvanic corrosion.

KEY WORDS: TA15 alloy; microarc oxidation; ceramic coatings; microstructure; galvanic corrosion
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Fig.1 Schematic diagram of galvanic coupling configuration
and electrical connection.
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Fig.2 Microstructure and distribution of element of microarc oxidation coatings formed on TA15 alloy: surface morphology;
b) cross sectional morphologie; ¢) elements distribution across coating thickness
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Tab.1 Surface element content of microarc oxidation
coatings formed on TA15 alloy

Element Weight% Atomic%
TiK 34.12 32.52
OK 37.17 41.21
Si K 19.66 15.54
AlK 6.89 7.87
PK 2.16 2.99
Total 100.00 100.00
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Fig.3 XRD pattern of microarc oxidation coatings
formed on TA15 alloy.
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Fig.4 Cross sectional morphologies of microarc oxidation coatings formed under different oxidation time on TA1S5 alloy
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Tab.2 Corrosion parameters of microarc oxidation coating
on titanium alloy for different oxidation time in
3.5%NaCl solution.

Simples Eeol V' 10‘J9°Xr-cm-2) /(x106R Gom?)
Titanium alloy = -0.497 52.8 1.07
MAO-10 -0.231 9.39 5.86
MAO-30 0.175 7.86 13.2
MAO-50 0.108 6.39 13.5
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Fig.6 Impedance spectrum of TA15 alloy and microarc
oxidation coatings for different oxidation time
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Tab.3 Impedance parameters extracted from the microarc oxidation coating on TA1S alloy for different oxidation time

Simples R/Q-cm?)  Y/(x107%) n R/(Q-cm?)  Yp/(x107%) ny R,/(x10° Q-cm?)
MAO-10 6.625 2.396 0.639 7798 23.170 0.847 1.161
MAO-30 6.052 8.059 0.578 5033 17.730 0.821 1.201
MAO-50 8.466 2.354 0.632 16 860 8.566 0.702 3.806
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Tab.4 Galvanic corrosion data of each pair of samples

Galvanic coupling

Electrode potential/mV

Current density/pA Potential difference/mV
Cathode Anode Cathode Anode
TA15 alloy 30CrMnSiA steel 1.5683 —-143 -514 371
TA15 alloy Babbitt metal 0.0012 -142 -349 207
TA15 alloy Al bronze 0.1592 —40 -221 181
MAO-10 30CrMnSiA steel 0.3194 -389 =512 123
MAO-30 30CrMnSiA steel 0.2602 —450 -522 72
MAO-50 30CrMnSiA steel 0.2467 —457 =511 54
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