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Micro-arc oxidation ceramic coatings formed on

marine Ti-6Al-3Nb-2Zr alloy
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Abstract: The ceramic oxide coatings were formed on marine Ti-6Al-3Nb-2Zr alloys surface by micro-arc

oxidation(MAO) in phosphatic aqueous solution. The surface and sectional microstructures, oxide layer thickness, phase

composition and microhardness were characterized by SEM, optical microscopy and XRD. The bonding strength,

insulating performance, tribological properties and corrosion resistance of the coatings were also investigated. The results

indicate that the oxide film with thickness of about 20 um as compose mainly by rutile and anatase TiO> phases. The

bonding strength between the Ti-6Al-3Nb-2Zr substrate and the film is over 30 MPa. The ceramic coating shows good

insulation, abrasion and excellent corrosion character. The wear mechanism of the microarc oxidation ceramic coating is

characterized by slight abrasive wear and adhesive wear, and the abrasive wear is the main mechanism.
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Table 1

SEM
Fig.1 SEM images of micro-arc oxidation of Ti-6Al-3Nb-2Zr

alloy: (a) Surface microstructure; (b) Magnification image of

Ti-6Al-3Nb-2Zr

[15]

TiOs

(EDX)

EDX

EDX results of micro-arc oxidation for Ti-6Al-

3Nb-2Zr alloy

Element wl% x/%
0] 39.64 61.60
Na 01.04 01.12
Al 02.17 01.99
P 20.52 16.39
Ti 36.63 18.90
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Fig.3 XRD pattern of ceramic coating

2.3

2
Table 2 Microhardness of MAO coating and substrate

Hardness/(kg-mm™2)

Sample
Substrate Coating
1 293 552
2 293 589
3 280 569
4 290 552
5 287 552
Average 289 563
Ti-6Al-3Nb-2Zr
» Instron5587
Fig.2 Cross-sectional microstructure of MAO ceramic E~7
coating 100 3h
30 min ( 3 )
3 30 min XRD 30 MPa
3 o-Ti
TiO2 TiO2 o-Ti
200 MQ  VC9802A*
Ti-6Al-3Nb-2Zr
TiO» TiO>

200 MQ
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3 GCrl5 Fe
Table 3  Insulating resistance of MAO coating after different

oxide times

Oxide time/min 15 30 45 60
csmenia 20 20 200 00 Ti-6A1-3Nb-2Zr
GCrl5
2.4
MMS-1G
d160 mm  GCrl5 2.5
(63HRC) 10N 150 r/min YWX/Q-750
8 min 96 h
5%
(0.003 8 g) (0.0160¢g) 1/4 NacCl 80 cm? 1~2 mL/h
4 SEM  pH 6.5~7.2 35
4(a) 8 min 96 h

4 SEM
Fig.4 SEM images of worn surface of sample with and without coatings: (a) Wear track of micro-arc oxidation coating; (b) Local

amplificatory morphology of worn part; (c), (d) Local amplificatory morphologies of Ti-6Al-3Nb-2Zr substrate



1 Ti-6Al-3Nb-2Zr

s241

TiO2

1) Ti-6Al-3Nb-2Zr

TiO;

2) 30 MPa

3)

4)

GCrl5

5) 96 h

REFERENCES

(1]

(2]

(3]

(4]

(3]

, , . [M].
, 2005.
ZHANG Xi-yan, ZHAO Yong-qing, BAI Chen-guang.Titanium
alloys and the applications [M]. Beijing: Chemical Industry
Press, 2005.
> s . [M].
,2003.
JIANG Xiao-xia, LI Shi-zhuo, LI Shu. Corrosive wear of
metals[M]. Beijing: Chemical Industry Press, 2003.
[J]. ,2007, 14(1): 46—49.
MA Chen, WANG Ying-hui, QU Li-jie, ZHANG Xiang-yu. The
recent research status and prospect of micro-arc oxidation
technique on titanium alloy[J]. China Ceramic Industry, 2007,
14(1): 46—49.
AZ91D 1.
,2009, 19(8): 1385—-1391.

LU Wei-ling, MA Ying, CHEN Ti-jun, XU Wei-jun, YANG Jian,
HAO Yuan. Effects of oxidation time on microstructures and
properties of micro-arc oxidation coatings of AZ91D magnesium
alloy[J]. The Chinese Journal of Nonferrous Metals, 2009, 19(8):
1385-1391.

[J]. , 2005, 38(8):
42-44.
JIN Fan-ya, TONG Hong-hui, SHEN Li-ru, WANG Ke, LI Jiong,

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

ZHU lJian-hao. The micro character of the film by micro-arc
oxidation on titanium alloy[J]. Materials Protection, 2005, 38(8):
42-44.
s s .TC4
[J]. , 2005, 38(12): 54-57.
XING Ze-kuan, TANG En-jun, DUAN Rui. The study on
microstructure and properties of microarc oxidation coatings
formed for TC4 alloy[J]. Materials Protection, 2005, 38(12):
54-57.
> . [M].
, 1999.
XU Bin-shi, ZHU Shao-hua. Theories and technologies on
Surface Engineering[M]. Beijing: National Deference Industry
Press, 1999.
, , . [11.
,2008(5): 15-18.
LI Li-qun, XI Jian-jun, YAO Ying-xue. Micro-arc oxidation
technology of titanium alloy[J]. Welding, 2008(5): 15—18.
s . [9].
, 2005, 19(6): 85-87.
WU Xiang-qing, XIE Fa-qin. Study of microarc oxidation
technique on titanium alloy surface[J]. Material Review, 2005,
19(6): 85—-87.
[J]. , 2004,
14(4): 548-553.
WANG Ya-ming, JIANG Bai-ling, GUO Li-xin, LEI Ting-quan.
Growth and microstructure of microarc oxidation coatings on
titanium alloy in solution containing phosphate[J]. The Chinese
Journal of Nonferrous Metals, 2004, 14(4): 548—553.
KIM M S, RYU J J, SUNG Y M. One-step approach for
nano-crystalline hydroxyapatite coating on titanium via
micro-arc oxidation[J]. Electrochemistry Communications, 2007,
9: 1886—1891.
LILH,KONGYM, KIMHW,KIMY W, KIM H E, HEO S J,
KOAK J Y. Improved biological performance of Ti implants due
to surface modification by micro-arc oxidation[J]. Biomaterials,
2004, 25: 2867-2875.
[D].
,2007.
WANG Lei. Surface characterization and corrosion resistance of
ceramic coating on the surface of titanium by micro-arc
oxidation[D]. Qingdao: Qingdao University, 2007.
JIN FY, CHU P K, WANG K, ZHAO J, HUANG A P, TONG H
H. Thermal stability of titania films prepared on titanium by
micro-arc oxidation[J]. Materials Science and Engineering A,
2008, 476: 78—82.
[J]. ,2007,20(5): 11-15, 18.
WANG Qing-liang, XU Ling-li, GE Shi-rong. Investigation on
structure of microarc oxidation ceramic layer on titanium
alloy[J]. China Surface Engineering, 2007, 20(5): 11-15, 18.

( )



