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Abstract

The structure, cell response and induction capability for apatite formation of the microarc oxidized (MAO) coating before and after chemical-

treatment and subsequent dehydration at 400 8C were investigated. The surfaces of the chemically treated MAO (C-MAO) coatings before and after

dehydration showed ribbon-like amorphous phase mainly containing Na, Ti and O elements with network morphology. Subsequent dehydration

has no pronounced effect on the surface roughness, wetting ability, surface constituents and chemical state of Ti, Na and O of the C-MAO coating.

The outer layers of the C-MAO coating before and after dehydration showed Na, Ti and O elements with uniform distributions along the surface

depth. Chemical-treatment improves the apatite-forming ability of the MAO coating; however, subsequent dehydration greatly lowers that of the C-

MAO coating, since it changed the ability of C-MAO coating to release Na+ ions, which is unfavorable for the formation of Ti-OH groups. The

apatite formed on the two coatings contained HPO4
2� and CO3

2� ions. In addition, the dehydration of the C-MAO coating seemed to be unsuitable

for the cell proliferation on its surface.
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1. Introduction

Hydroxyapatite and bioactive glass–ceramic exhibit good

bioactivity [1,2]. Unfortunately, these bioactive ceramic

materials are not suitable for load-bearing conditions due to

their poor mechanical properties [3,4]. Titanium and its alloys

have been used extensively in skeletal repair and dental

implants area because of their excellent toughness, mechanical

strength, biocompatibility and corrosion resistance. However,

titanium and its alloys exhibit poor bioactivity. To improve the

bioactivity of titanium and its alloys, many surface modifying

techniques, such as plasma spraying [5–7] and sol–gel method

[8,9], have been developed to prepare bioactive coatings such as

hydroxyapatite and calcium phosphate on titanium and its
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alloys. Plasma-sprayed HA coatings have been extensively

investigated; however, when used in implants, they lack

strength and reliability, as a result of the residual stress and

partial decomposition of HA during the preparation process

[6,10,11].

Titanium oxide (TiO2) on titanium and its alloys have

potential applications in biomedical regions [12,13]. Microarc

oxidation (MAO) is a relatively convenient and effective

technique to deposit ceramic coatings on the surfaces of

titanium and its alloys [14]. Using this technique to deposit

biocoatings on titanium and its alloys has received much

attention in recent years [15–23]. However, most MAO TiO2

coatings exhibit poor ability for apatite formation

[16,20,24,25]. Hence, it is necessary to improve the apatite-

forming ability of the MAO TiO2 coatings for their biomedical

applications [25,26].

Recently, a chemical etching (NaOH aqueous solution) has

been developed to modify the surface of the MAO coating to

improve its apatite-forming ability [27], and further investiga-

tion indicated that the chemically treated MAO (C-MAO)
d.
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coating is almost dehydrated after heat treatment at 400 8C.

However, the structure, cell response and apatite-forming

ability of the C-MAO coating after dehydration are not clear up

to now. As reported, the formation of biomimetic apatite is

highly dependent on the structure and composition of substrates

[12,28]. In other words, the physical and chemical properties of

the substrate surfaces have important influences on the

induction capability for apatite formation of the substrates in

a simulated body fluid (SBF), as well as the cell response.

This study attempts to understand the effect of dehydration

on the structure, cell response and SBF behaviors of the

C-MAO coating.

2. Experimental data

2.1. Sample preparation

In the MAO experiment, Ti6Al4V plates (10 mm �
10 mm � 1.5 mm) were used as anodes and stainless steel

plates were used as cathodes in an electrolytic bath. The Ti6Al4V

plates were ground with 400, 600 and 800# SiC abrasive papers,

ultrasonically washed with acetone and distilled water, and dried

at 40 8C. A fresh electrolyte was prepared by dissolving reagent-

grade chemicals of (NaPO3)6 (20 g/l) and NaOH (10 g/l) into

deionized water for the MAO process. The applied voltage,

frequency, duty cycle and oxidizing time were 300 V, 600 Hz,

8.0% and 5 min, respectively. The temperature of the electrolyte

was kept at 40 8C by a cooling system. After the MAO treatment,

each sample was treated in 10 mL NaOH aqueous solution with

concentration of 5 mol/l at 60 8C for 24 h, and then gently

washed with deionized water and dried at 25 8C. For dehydration,

the C-MAO coating was heat-treated at 400 8C for 1 h with a

heating rate of 10 8C/min and furnace cooling. The C-MAO

coating after dehydration was labeled as CD-MAO.

The MAO coatings before and after treatment were

incubated in 15 mL simulated body fluid (SBF) for 7, 14

and 28 days. Ionic concentrations of the SBF and human blood

plasma are shown in Table 1, and the SBF was refreshed every

other day. The SBF was prepared by dissolving reagent-

grade chemicals of NaCl, NaHCO3, KCl, K2HPO4�3H2O,

MgCl2�6H2O, CaCl2, and Na2SO4 into deionized water and

buffering at pH 7.40 with tris-hydroxymethyl-aminomethane

((CH2OH)3CNH2) and 1.0 mol/l HCl at 37 8C [29].
Table 1

Ion concentrations of the SBF and human blood plasma.

Ion Concentration (mmol/l)

SBF Blood plasma

Na+ 142.0 142.0

K+ 5.0 5.0

Mg2+ 1.5 1.5

Ca2+ 2.5 2.5

Cl� 147.8 103.8

HCO3
2� 4.2 27

HPO4
2� 1.0 1.0

SO4
2� 0.5 0.5
2.2. Characterization

The surface phase compositions of the MAO, C-MAO and

CD-MAO coatings before and after SBF incubation were

analyzed by a glancing incidence X-ray diffraction (XRD,

Philips X’Pert, Holland) using a Cu Ka radiation (40 kV,

35 mA). In the XRD experiment, the angle of the incident beam

was fixed at 18 against the sample surfaces and the

measurements were performed with a continuous scanning

mode at a rate of 28/min.

The surface characters of the samples were also depicted by

an atomic force microscopy (AFM, DI.Bioscope, Veeco, USA)

in an uncontacting tapping mode with curvature radius of

5–10 nm, resolution of x-, y-direction about 2 nm and z-

direction about 0.5 nm and number of samples of 256. The

average roughness (Ra) of the MAO and modified MAO

coatings was calculated by analyses of AFM image.

Wetting angle was measured using the liquid drop method on

a contact angle goniometer (CAM101, KSV Instruments Ltd,

Finland).

Surface morphologies of the samples before and after SBF

incubation were observed by a scanning electron microscopy

(SEM, CamScan MX2600, CamScan Co., England). Before the

SEM examination, the samples were coated a thin Au layer

since the surfaces of the samples are not conductive. In

addition, the surface constituents of the samples were detected

by an energy dispersive X-ray spectrometer (EDS, Oxford

Model 7537, England) equipped on the SEM system.

Changes in the atomic concentrations of Na, P, Ti and O with

increasing depth near the surfaces of the C-MAO and CD-MAO

coatings were analyzed by an Auger electron spectroscopy

(AES) measurement performing with a Scanning Auger

nanoprobe (PHI 700, ULVAC Inc., USA). The Auger electron

take-off angle in the AES was 408 and the sample surfaces were

sputtered by Ar+ ions with a sputtering rate of 144 nm/min

referencing SiO2. The voltage and current intensity were 3 kV

and 10 nA, respectively. The sputtered and analyzed areas on

each surface were about 2 mm � 2 mm and 40 mm � 40 mm,

respectively. The data acquisition was performed every 30 s.

An X-ray photoelectron spectroscopy (XPS, PHI 5700,

American Physical Electronics) was used to detect the surface

chemical compositions of the sample surfaces. An Al Ka

(1486.6 eV) X-ray source with an anode power of 250 W

(12.5 kV, 20 mA) was used to analyze the chemical state of Ti,

Na, O, Ca, P, etc. with a hemispherical analyzer in a high-

resolution mode. The XPS take-off angle was set at 458. A

region about 2 mm � 0.8 mm on each surface was analyzed.

The measured binding energies were calibrated by the C1s

(hydrocarbon C–C, C–H) of 285 eV.

Fourier transform infrared spectroscopy (FT-IR, Bruker

Vector 22, Germany) was also used to analyze the structure of

the MAO, C-MAO and CD-MAO coatings, as well as these

coatings after SBF incubation for 28 days. In the FT-IR

measurements, the resolution and scanning range were 4 and

4000–400 cm�1, respectively.

Na concentrations of the SBF with incubation of all the

coatings for 0–12 days were measured by an inductively



Fig. 1. XRD patterns of (a) MAO, (b) C-MAO and (c) CD-MAO coatings.
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coupled plasma optical emission spectroscopy (ICP-OES,

Optima 5300DV, Perkin-Elmer, USA). In the ICP-OES

measurement, the ion concentrations of 10 mL SBF after

immersion of each sample were measured. Two independent

analyses were carried out for each solution.

The cell response of the samples was evaluated by

preliminary in vitro MG63 cell tests. The pre-incubated cell

lines were plated onto specimens with a cell density of

2 � 104 mL�1, and then cultured in a humidified incubator with

5% CO2 at 37 8C. Dulbecco’s modified Eagle’s medium

(DMEM) with 10% fetal bovine serum (FBS) was used as the

culturing medium. The proliferation behavior was determined

by counting the number of cells after culturing them for 7 days.

The cells were detached from the samples with 0.05% trypsin–

EDTA and counted using a hemocytometer. To observe the

morphology of the proliferated cells by SEM, the cultured

samples were fixed by 4% paraformaldehyde for 20 min. The

experimental data were represented as mean � one standard

deviation (SD) for n = 5. Statistical analysis was conducted via

a one-way analysis of variance.

3. Results

3.1. Character of the C-MAO and CD-MAO coatings

Fig. 1 shows the XRD patterns of the surfaces of the MAO,

C-MAO and CD-MAO coatings. All the coatings show the
Fig. 3. The 3D AFM images of the surfaces of

Fig. 2. Surface morphologies of (a) C-
presence of anatase (Fig. 1a–c). However, besides diffraction

peaks of anatase, new broad diffraction peaks at 2u = 22.5–358
and 45–508 were observed on the surface of the CD-MAO

coating (Fig. 1c), indicating the presence of amorphous phase,

similar to the C-MAO coating (Fig. 1b).
the (a) C-MAO and (b) CD-MAO coatings.

MAO and (b) CD-MAO coatings.



Fig. 4. The average roughness of the surfaces of the Ti6Al4V, MAO, C-MAO

and CD-MAO coatings.

Fig. 5. The wetting angles of the distilled water droplet for Ti6Al4V, MAO, C-

MAO and CD-MAO coatings.
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The surface morphologies of the MAO and C-MAO coatings

were discussed in the previous studies [27]. In this work, the

CD-MAO coating also exhibits a surface with a network

structure (Fig. 2b), similar to that of the C-MAO coating

(Fig. 2a). This result indicated that subsequent heat treatment at

400 8C does not obviously alter the surface morphology of the

C-MAO coating.
Fig. 6. TEM micrographs of (a) C-M
Fig. 3 shows the AFM images of the C-MAO and CD-MAO

coatings. It was observed that the topography fluctuation of the

C-MAO and CD-MAO coatings is similar. The average

roughness of the MAO and C-MAO coatings is about

220 nm; that of the CD-MAO coating slightly increase to

about 250 nm (Fig. 4).

Fig. 5 shows the wetting angle of the MAO coating was

about 958; while that of the C-MAO and CD-MAO coatings

decreased (about 108). This result indicated that chemical-

treatment enhanced the wetting ability of the MAO coating.

And subsequent dehydration did not alter the wetting property

of the C-MAO coating.

Fig. 6 shows the TEM micrographs of the C-MAO and CD-

MAO coatings. Nano-scale ribbon-like products with�1 mm in

length and�100 nm in width on the surface of the C-MAO and

CD-MAO coatings were observed. The electron diffraction

patterns of the ribbon-like products on two coatings both show

amorphous structure.

Fig. 7 shows the FT-IR spectra of the MAO, C-MAO and

CD-MAO coatings. All the coatings show the presence of

phosphate band at 1080–1090 cm�1 [30,31]. Moreover, after

chemical etching, the absorption intensity of phosphate band

decrease, suggesting a decrease in the P concentration of the

MAO coating. Also, broad absorption peaks at 3680–2600 and

1740–1420 cm�1 were observed and attributed to the H2O in

the C-MAO coating [32], while no obvious broad absorption

peaks of H2O were found in the CD-MAO coating, suggesting

the considerable dehydration of the C-MAO coating after heat

treatment at 400 8C.

The major surface constituents found for the MAO coating

are O, Ti, P, Na, Al and C according to the EDS results.

However, the surfaces of the C-MAO and CD-MAO coatings

show the major surface constituents of O, Ti, Na and C, as

well as a few P. The P, Al and Na concentrations of the

surface of the MAO coating are about 10.9, 1.9 and 2.8 at.%,

and those of the surface of the CD-MAO coating are 1.3, 0.0

and 8.0 at.% (Table 2). In fact, the EDS result of the C-MAO

coating already indicated the dissolution of P and Al as well
AO and (b) CD-MAO coatings.



Fig. 7. FT-IR spectra of (a) MAO, (b) C-MAO and (c) CD-MAO coatings.

Fig. 8. XPS survey of the surfaces of (a) MAO, (b) C-MAO and (c) CD-MAO

coatings.

Table 2

Elemental composition of the surfaces of the MAO coatings before and after

modifications.

Element Atomic concentration (at.%)

MAO C-MAO CD-MAO

C 6.9 � 1.1 8.6 � 1.5 8.0 � 1.8

O 56.9 � 4.5 60.1 � 5.0 61.7 � 6.0

Na 2.8 � 0.8 8.4 � 1.5 8.0 � 1.8

P 10.9 � 1.5 1.7 � 0.5 1.3 � 0.8

Ti 20.6 � 3.0 21.2 � 3.0 20.2 � 4.0

Al 1.9 � 0.5 0.0 0.0
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as the incorporation of Na during the chemical etching

process (Table 2). The EDS results indicated that the surface

of the CD-MAO coating is richened in O, Ti and Na similar to

the C-MAO coating, suggesting that the subsequent heat

treatment at 400 8C does not alter the elemental composition

of the C-MAO coating.

Fig. 8 shows the XPS surveys of the surfaces of the MAO,

C-MAO and CD-MAO coatings. Elements of C, Ti, O, Na and

P were detected on the surface of the MAO coating, while Na
Fig. 9. Ti2p spectra of the surfaces of (a) C-MAO and (b) CD-MAO coatings.



Fig. 10. AES sputtering depth profile plots near the surfaces of (a) C-MAO and (b) CD-MAO coatings.
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peak increased obviously and no P was found besides Na, Ti,

O and C after treatments, also suggesting the dissolution of P

and introduction of Na after chemical etching, which is

consistent with the EDS results. The values of the binding

energies (BE) of Ti2p3/2 and Ti2p1/2 of all the coatings are

458.5 � 0.2 and 464.4 � 0.2 eV (Fig. 9), corresponding to a

chemical state of Ti4+ [22,23]. The binding energies of Na1s

and O1s are 1072.3 � 0.2 and 530.4 � 0.2 eV as shown in

Fig. 9b and c, respectively, corresponding to the chemical

states of Na+ and O2�.

Fig. 10 shows AES sputtering depth profile plots near the

surfaces of the C-MAO and CD-MAO coatings. The outer

layers (etching time about 1200 s) of the C-MAO and CD-MAO

coatings show uniform distributions in the constituents;

however, only O (58–61 at.%), Ti (28–31 at.%) and Na (8–

11 at.%) were detected within these layers. These results

indicate that the heat treatment at 400 8C has no effect on the

constituent distributions within the outer layer of the C-MAO

coating.
Fig. 11. Surface morphologies of the (a), (b) and (c) C-MAO, (d), (e) and (f) CD-MAO

(a), (e), respectively.
3.2. SBF incubation of the MAO and treated MAO coatings

The surface morphologies of the C-MAO and CD-MAO

coatings after SBF incubation for 7 and 14 days are shown in

Fig. 11. The previous results indicated that the MAO coating

did not show apatite-forming ability after SBF immersion for 7

and 14 days [27]. However, the entire surface of the C-MAO

coating was covered by apatite layers after 7 and 14 days

(Fig. 11a and b) [27]. In the case of the CD-MAO coating, no

precipitates were found on the surface after SBF immersion for

7 days and original surface structure can still be clearly

observed (Fig. 11d). After 14 days, a new layer composed of

numerous sphere-like precipitates was observed on the surface

of the CD-MAO coating (Fig. 11e).

In addition, at a higher magnification the surface show a

network structure containing nano-scale precipitates about

100 nm in size (Fig. 11c and f). The EDS results further indicate

that the new layers are composed of Ca- and P-containing (CaP)

precipitates (not shown).
coatings after SBF incubation for 7 and 14 days; (c), (f) higher magnification of



Fig. 14. FT-IR spectra of (a) C-MAO and (b) CD-MAO coatings after SBF

incubation for 28 days.

Fig. 12. XRD patterns of the CD-MAO coatings after SBF incubation for

different times.
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Fig. 12 shows the XRD patterns of the CD-MAO coatings

before and after SBF incubation for different times. The

previous result of XRD patterns of the C-MAO coating

indicated that the formation of apatite after immersion for 7

days [27]. However, no changes were found on the surface of

the CD-MAO coating before and after immersion for 7 days

according to the XRD results (Fig. 12). After SBF incubation

for 14 days, the CD-MAO coating shows the diffraction peaks

of apatite with low crystallinity and the diffraction peaks of

anatase and rutile disappeared completely. With increasing SBF

incubation time, the diffraction peaks of apatite increase,

suggesting an enhanced crystallinity. The current results

indicate that subsequent dehydration greatly decreases the

apatite-forming ability of the C-MAO coating.

The XPS spectra of Ca2p and P2p of the apatite formed on

the C-MAO and CD-MAO coatings are shown in Fig. 13. The

Ca2p spectra show a doublet at 346.8–346.9 and 350.3–

350.4 eV corresponding to Ca2+ and P2p spectra reveals a

single peak at 132.8–133.0 eV corresponding to P5+. These

results indicated that the subsequent dehydration of the C-MAO

coating does not affect the chemical states of Ca and P in apatite
Fig. 13. XPS spectra of (a) Ca2p and (b) P2p of the apatite layer induced by the C-MA

immersion for 14 days).
induced by the substrates. In addition, these BE values are agree

well with the previous results of carbonated HA obtained by

biomimetic method [20].

The FT-IR spectra of the C-MAO and CD-MAO coating

after SBF incubation for 28 days are similar as shown in Fig. 14.

In the case of the SBF immersed CD-MAO coating, a broad

absorption band at 3443 cm�1 and a bending mode at

1650 cm�1 indicate the presence of bonded water in the SBF

incubated coatings [32]. The FT-IR spectrum shows absorption

bands of PO4 groups including the triply degenerated

asymmetric stretching mode of 3PO4 band at 1032 cm�1,

triply degenerated bending mode of 4PO4 band at 600 and

564 cm�1 and double degenerated bending mode of 2PO4 band

at 473 cm�1 [31,32]. In addition, CO3
2� absorption bands were

observed including bending mode of 4CO3
2� group in A-type

carbonated HA (CHA) at 1550 cm�1, characteristic stretching

mode of 3CO3
2� group in CHA at 1505 cm�1, characteristic

stretching mode of 1CO3
2� group in A-type CHA at

1462 cm�1, stretching mode of 1CO3
2� group in B-type

CHA at 1428 cm�1 and bending mode of (3 or 4) CO3
2� group

in CHA at 874 cm�1 [31,32]. Also, the characteristic shoulders

at 1095, 962 and 872 cm�1 suggest the presence of HPO4
2� in

the apatite. The FT-IR results confirm that the apatite formed on

the two coatings has a carbonated structure.
O coatings (after SBF immersion for 7 days) and CD-MAO coatings (after SBF



Fig. 15. Na concentrations of the SBF with immersion of all the coatings

measured as a function of incubation time.
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The Na concentrations of the SBF after incubation of all the

coating for 0–12 days are shown in Fig. 15. It can be seen that

the Na concentration of SBF with immersion of the MAO

coating does not change; while those of the SBF incubation of
Fig. 16. Number of MG63 cells after proliferation for 5 and 7 days on the surfaces o

days. *Statistical difference p < 0.05 compared with the control.

Fig. 17. SEM micrographs of the MG63 cells after culturing f
the C-MAO and CD-MAO coatings increase during the SBF

immersion process. Moreover, it is evident that the C-MAO

coating is favorable for Na ions release as compared with the

CD-MAO coating, indicating that the subsequent dehydration

decreases the ability of Na ions release.

3.3. Cell proliferation

Fig. 16 shows the number of the MG63 cells after

proliferation for 5 and 7 days on the surfaces of the control

(blank slide), Ti6Al4V, MAO, C-MAO and CD-MAO coatings.

Distinguish in the numbers of cell proliferation on the surfaces

of control, Ti6Al4V, MAO and C-MAO films were insignificant

( p > 0.005). Nevertheless, the CD-MAO coating is unsuitable

for the cell proliferation according to the current result.

In Fig. 17, the cells spread out on the surfaces of the C-MAO

and CD-MAO coatings well after culturing 3, 5 and 7 days.

After 7 days, on the surfaces of the C-TOB films the cells

showed smooth and flat morphology and almost contacted each

other with a small gap among them, forming a continuous cell

layer. In the case of the CD-MAO coating, few MG63 cells were
f control, Ti6Al4V, MAO, C-MAO and CD-MAO coatings: (a) 5 days and (b) 7

or 3, 5 and 7 days on the C-MAO and CD-MAO coatings.
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observed its surface, not like to the C-MAO coating with a

continuous cell layer.

4. Discussion

TiO2 coating was prepared on titanium alloy by MAO

technique. Specific surface structure suitable for apatite depo-

sition was obtained by chemical etching of the surface of the

MAO coating.

The XRD and SEM results indicate that the surfaces of the

C-MAO and CD-MAO coatings contain anatase and amorphous

phase with reticular surface morphology. The EDS and AES

further indicate that the surfaces of the C-MAO and CD-MAO

coatings mainly contain Na, Ti and O elements, which show a

uniform distribution near the surfaces with increasing the

depth. The results from the current investigation indicated that

subsequent dehydration does not alter the surface constituents,

surface morphology and chemical states of Ti, Na and O of the

C-MAO coating.

Biomimetic apatite was successfully deposited on the

surfaces of the C-MAO and CD-MAO coatings after SBF

incubation for 14 days. According to the SEM, EDS and ICP-

OES results, it is suggested that reactions such as ion

dissolution and precipitation occur on the surfaces of the C-

MAO and CD-MAO coatings during the SBF incubation

process. The ICP-OES results reveal that the Na+ ions are

released from the surfaces of the C-MAO and CD-MAO

coatings. According to this and previous researches [33–35], an

ionic exchange between Na+ ions of the treated MAO coatings

and H3O+ ions of the SBF may take place during SBF

incubation process. As a result, abundant Ti-OH groups are

formed on the surfaces of the treated MAO coatings. The

hydroxyl functionalized surfaces greatly enhance the nuclea-

tion and growth of apatite [36]. The nucleation and growth of

biomimetic apatite were depicted in detail in the previous

research [27,36,37]. With increasing SBF incubation time, the

apatite coatings were deposited on the modified MAO coatings.

It was noted that the apatite-forming ability of the C-MAO

coating decreased after dehydration. This is likely to be

associated with the formation of the Ti-OH groups. It was noted

that the hydrous C-MAO coating has higher ability to release

Na+ ions compared with the CD-MAO coating. The higher

ability to release Na+ ions of the hydrous C-MAO coating is

probably associated with the lower energy of the related

chemical bands to Na+ ions, which needs a more thorough

investigation in the future.

According to the above discussion, the decreased ability to

release Na+ ions would greatly lower the concentrations of Ti-

OH groups formed by ionic exchange on the CD-MAO coating.

Hence the decrease in concentrations of Ti-OH groups further

leaded to a descent in apatite-forming ability of the CD-MAO

coating.

For biomaterials, the surface topography, surface energy and

wetting properties, etc. could affect the osteoblast adhesion and

proliferation [28]. In this work, the surface roughness and

wetting ability of the C-MAO and CD-MAO coatings are

similar. Thus, their effect on the MG63 cell proliferation may
be not obvious. Besides the above factors, chemical groups

such as hydroxyl group, surface charge and surface energy, etc.

could also affect the cell response [28]. In fact, the heat

treatment decreased the ability of the C-MAO coating to form

OH group on its surface, and altered the phase composition. On

the other hand, complete dehydration take place after

subsequent heat treatment. These changes could further affect

the cell adhesion and proliferation, which need a more thorough

investigation in the future.

5. Conclusion

The C-MAO coating exhibits high apatite-forming ability

and good cell response. However, the dehydration of the C-

MAO coating decreased its apatite-forming ability and MG63

cell proliferation. While subsequent dehydration does not alter

on the surface morphology, major surface constituents and

chemical states of Ti, Na and O of the C-MAO coating. The

release of Na+ ions from the C-MAO coating is more intensive

compared with the CD-MAO coating. The weak release of Na+

ions of the CD-MAO coating greatly decrease the formation of

Ti-OH groups produced via ionic exchange between Na+ and

H3O+ ions in SBF. Thus it further decreased the induction

capability for apatite formation of the CD-MAO coating.
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