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ABSTRACT Objective: To investigate the effects of microarc oxidation treatment (MAO) on Ti-porcelain strength. Methods: There
were three groups: micro-arc oxidation group, pre-oxidation group, and the control group. The surface of the samples was detected by
scanning electron microscope (SEM). The samples were bonded to porcelain. The bonding interfaces between Ti substrate and porcelain
were detected by SEM and EDX. Bonding strength of the samples was measured by a three-point bending tester according to ISO9693.
Results: There were different in the surface morphology and the phase components of three groups. The mean bond strength of the
micro-arc oxidation group, pre-oxidation group, and the control group were 42.40+ 4.35 MPa, 34.28+ 2.84 MPa, and 28.58+ 2.74 MPa,
respectively. When titanium subjected to micro-arc oxidation treatment, it had significant higher bond strength than that in the
pre-oxidation group and the control group (P<0.05). In the micro-arc oxidation specimen, the oxide layer was thin, and it was compact
bonding with titanium and porcelain. Conclusion: Micro-arc oxidation treatment for titanium substrates might be a simple and effective
method for strengthening the titanium-ceramic bonding.
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Table 1 Sintering condition of the porcelain
Starting temperature(C) Sintering temperature (C) Sintering time (min) Porcelian layer thickness (mm)
Bonding 500 800 3 0.2
Opaque 500 780 3 0.2
Dentin 500 760 3 0.6
1.2.3 (Or-
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Fig.1 Surfaces of titanium after different treatment
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® Rutile Group Ra in wm (SD)
a ®  An
A — MAO group, 1.00(0.05) *
. ) Pre-oxidation group 0.52(0.03)
P Control group 0.28(0.04)
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Table 3 Bond strengths of titanium to porcelain(n=6)
Group Bond strength (MPa)
20 40 60 20/¢> 80
MA 42.40% 4.35%
2 SEM EDX a O group. 0% 433
b . Pre-oxidation group 34.28+ 2.84
Control 28.58+ 2.74
Fig.2 SEM photographs of corss-sections of titanium-porcelain systems ontro” group
(SEM, 2000) Note: * P< 0.05
3 SEM EDX a b c
Fig.3 SEM photographs of corss-sections of titanium-porcelain systems (SEM, 2000)
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Fig.4 SEM/EDX patterns of fracture faces of titanium-porcelain systems (SEM, 2000)

[11-13]

ISO 9693

References

[1] Okabe T, Hero H. The use of titanium in dentistry [J]. Cells Mater,
1995, 5: 211-230

[2] Masayuki H, Shinji T, Masao Y, et al. Effect of chromium content on
mechanical properties of casting Ti-Cr alloys[J]. Dent. Mater. J, 2010,
29:570-574

[3] Fei C, Hai Z, Z. Qingfeng, L. Fanxiu. Friction and Wear of the Ce-
ramic Coating Formed on Magnesium Alloy [J]. Advanced Tribology,
2010,3:467-470

[4] H. Guodong, Y. Zhongping, J, Zhaohua. Salt spray corrosion test of
micro-plasma oxidation ceramic coatings on Ti alloy[J]. Rare Metals,
2007, 2007, 26: 560-564

[51 J.X. Li, GF. Wu, J. Jiang, Y.M. Zhao. Surface characteristics and
bioactivity of oxide films with haloid Ions formed by micro-arc oxi-
dation on titanium in vitro [J]. Mater. Manuf. Process, 2011, 26
188-192

[6] P. Nitin, A. Wasekar, L. Jyothirmayi, R. Krishna. Effect of Micro Arc
Oxidation Coatings on Corrosion Resistance of 6061-Al Alloy [J]. J.
Mater. Eng. Perf, 2008, 708-713

[7]1 ISO 9693: 1999(E). Metal-ceramic dental restorative systems[M]. 2nd
ed. Switzerland,International Organization for Standardization, 1999

[8] KM. Lee, Z. Cai, J.A.Griggs, L. Guiatas, D.J. Lee, T.Okabe, SEM/EDS
evaluation of porcelain adherence to gold-coated cast titanium [J]. J.
Biomed. Mater. Res. B: Appl Biomater, 2004, 6:165-173

[9] J.X.Li, Y.M. Zhang, Y. Han, Y.M. Zhao. Effects of micro-arc oxida-
tion on bond strength of titanium to porcelain [J]. Surf. Coat. Tech,
2010, 204: 1252-1258

[10] W. Wagner, K. Asgar, W. Bigelow, R. Flinn. Effect of interfacial
variables on metal-porcelain bonding[J]. J. Biomed. Mater. Res1993,
27:531-537

[11] M. Adachi, J.R. Macket, E.E. Parry, C.W. Fairhurst, Oxide adherence
and porcelain bonding to titanium and Ti-6Al-4V alloy [J]. J. Dent.
Res, 1990, 69: 1230-1235

[12] S.C. Wu, W.F. Ho, C.W. Lin, H. Kikuchi, F.T. Lin, H.C. Hsu, Surface
characterization and bond strengths between Ti-20Cr-1X alloys and
low-fusing porcelain[J]. Dent. Mater. J, 2011, 30: 368-373

[13] H.P. Lim, J.H. Kim, K.M. Lee, S.W. Park. Fracture load of titanium
crowns coated with gold or titanium nitride and bonded to low-fusing

porcelain[J]. J. Prosth. Dent, 2011, 105: 164-170



