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Coatings of Bioactive TiO2 Films on TI6AL4V Alloy
by Micro Arc Oxidation
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Micro arc oxidized TiO2 coatings were prepared in different concentrations of (CH3COO)2Ca·H2O and different
coating times on biomedical Ti6Al4V alloy. The surface topography, phase, and element composition of the coatings
were characterized by scanning electron microscopy, X-ray diffraction, and energy-dispersive X-ray spectrometry,
respectively. The micro arc oxidation treated Ti6Al4V alloy was immersed in a simulated body fluid to study
the bioactive deposition properties on the surface of TiO2 coating. Immersion tests indicate that the specimens
coated in the high rate Ca-containing electrolyte are most effective when compared with the specimen containing
less Ca-content.
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1. Introduction
Titanium and its alloys are widely used in metallic im-

plants materials due to their high strength, low density,
high corrosion resistance, and excellent biocompatibility.
TiO2 coating such as sol-gel, CVD/PVD and anodizing
on Ti and its alloys was studied for many years because of
its stability, nontoxicity, and bioactivity. Recently, micro
arc oxidation (MAO) process was used for titanium based
implants [1–3]. MAO produces rough, micro-porous,
thick, titanium oxide (TiO2) coatings containing bioac-
tive compounds (such as hydroxyapatite, calcium phos-
phate, or calcium titanate). Electrochemical oxidation
in the electrolyte formed TiO2, biocompatible compound
formations are caused by the Ca and P containing elec-
trolytes. Therefore, the composition of electrolyte has
a important effect on the characteristics and structural
properties and morphology of the MAO coatings [3–6]. In
these study Ti6Al4V alloy was coated by MAO process in
different electrolyte and two different coating times. The
time and electrolyte compositions were tested. The sur-
face morphology and composition of coating layers were
characterized by scanning electron microscopy (SEM),
X-ray diffraction (XRD), energy-dispersive X-ray spec-
troscopy (EDS), respectively. The corrosion properties
of the Ti6Al4V alloy before and after MAO treatment
were investigated in a simulated body fluid (SBF).

2. Experimental details

Ti6Al4V alloy was cut into rectangular samples with
the size of 30 mm×15 mm×5 mm. The samples were
successively polished with SiC sandpaper down to 600
grid. A direct current power supply was used for prepa-
ration of MAO coatings on Ti alloy (anode) substrate.
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The MAO process was operated in a stainless steel con-
tainer (cathode). The MAO coating parameters were
given in Table I. During the experiment process, the elec-
trolyte solution was continuously stirred and cooled be-
low 28 ◦C using ice bath. After the treatment, the sam-
ples were rinsed with distilled water and dried in warm
air. The surface microstructure of coating was detected
under SEM (JEOL 6060). The chemical composition
and the elements in the coatings were detected by XRD
(Rigaku) with an Cu Kα X-ray source, and EDS analy-
sis. Untreated and MAO treated samples were immersed
in a Kokubo SBF solution to evaluate the TiO2 forming
ability. SBF solution was refreshed every 24 h and the
weight loss was calculated.

3. Results and discussion

Figure 1 shows the surface morphology of the MAO
coatings that were generated in the electrolytes with dif-
ferent concentrations of (CH3COO)2Ca·H2O and differ-
ent coating times. It was observed that the amount of cal-
cium and phosphate salt formed on the titanium surface
increased with the oxidation time, resulting in a change
in the surface morphology, as shown in Fig. 1. At an
oxidation time of 3 min, a porous TiO2 layer formed on
the surface of the titanium substrate. Only a few Ca–P
precipitates mixed with the TiO2 and solidified together;
these were primarily located around the discharge chan-
nel (Fig. 1a). Increasement of Ca content did not change
the surface morphology (Fig. 1c). With increase of time,
the surface roughness value decreased linear, shown in
Fig. 1b and Fig. 1d. Figure 2 shows the elemental analy-
sis of Ca and P amount of Ti-2Ca-5 (Fig. 2a) and Ti-4Ca-
5 samples (Fig. 2b) Ca and P amount. With increase of
the oxidation time and solution concentration of 5 min
and 4 g/l calcium acetate, there was an obvious increase
in the amount of Ca–P precipitate (Fig. 2b). Ca and P
peaks were detected with relatively higher intensity com-
pared to other coatings.
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TABLE ICoating parameters of micro arc oxidation process

Sample codes
(CH3COO)2Ca·H2O

[g/l]
Na3PO4

[g/l]
Breaking voltage

[V]
Final voltage

[V]
Time
[min]

pH

Ti6Al4V - - - - - -
Ti-2Ca-3 2 4 170 550 3 11.4
Ti-2Ca-5 2 4 170 565 5 11.4
Ti-4Ca-3 4 4 150 441 3 11.7
Ti-4Ca-5 4 4 150 470 5 11.7

Fig. 1. Surface morphologies of (a) Ti-2Ca-3, (b) Ti-
2Ca-5, (c) Ti-4Ca-3, (d) Ti-4Ca-5.

Fig. 2. SEM micrographs and EDS analysis of points
1 and 2: (a) Ti-2Ca-5, (b) Ti-4Ca-5.

The XRD patterns of uncoated Ti6Al4V, Ti-2Ca-5, Ti-
4Ca-5 are shown in Fig. 3. The uncoated samples main
phase is α-Ti. After MAO treatment Ti-2Ca-5 Ti-4Ca-5
samples were composed of anatase-TiO2 and rutile-TiO2.
The Ti-4Ca-5 samples phase intensity of anatase-TiO2

and rutile-TiO2 is higher than Ti-2Ca-5. TiO2 is the
main oxide existing in the coatings, increase of the Ca
did not change the coating composition

Figure 4 shows the relationship between weight loss
and immersion time for uncoated Ti6Al4V and MAO
coated alloys in SBF. It can be observed from Fig. 4
that the weight loss of all specimens has increased in 1 h.
Then uncoated samples weight increases in 8 h and all of
the coated samples weight growth nearly in 16 h, because
of the samples can produce oxide film in SBF solution.

Fig. 3. XRD patterns of (a) uncoated Ti6Al4V, (b) Ti-
2Ca-5, (c) Ti-4Ca-5 coatings.

Fig. 4. Weight losses of Ti6Al4V and MAO coated al-
loys after immersion in SBF solution for 108 h.

When the (CH3COO)2Ca·H2O concentration increased
from 2 to 4 g/l, the corrosion rate of the samples de-
creased. Also the coating time improved the corrosion
resistance. Two main factors influence the corrosion re-
sistance: thickness and porosity of the coating [7, 8].
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4. Conclusions

MAO coatings on Ti6Al4V alloy were prepared in dif-
ferent concentrations of (CH3COO)2Ca·H2O and differ-
ent coating times. The properties (chemical composi-
tion) of the coatings are closely related to the growth
mechanism and significantly influenced by electrolytes.
Anatase-TiO2 and rutile-TiO2 phases occurred on coated
layer. It implied that the MAO coating provided a good
protection of titanium alloy in the SBF solution. Ti-4Ca-
5 was characterized by a good adhesion to the substrate.
The corrosion test support the result because of mini-
mum weight loss shown on this sample.
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